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We demonstrated that the PLC/IP,/PKC/ERK pathway is activated in vulnerable vascular segments in a
mouse model (Col3al°***®*) of vascular Ehlers-Danlos syndrome (VEDS), a connective tissue disorder
associated with spontaneous arterial rupture. Early postnatal attenuation of this signaling axis using
either PKCP (ruboxistaurin) or MEK/ERK (cobimetinib) inhibitors affords overt life-long protection in
VEDS mice. Curiously, while potent inhibition of IP,-mediated PKCB activation with hydralazine also
prevented vascular rupture in early life (98% vs 50% survival at 45 days), protection was abruptly lost
at sexual maturity, an event that was exaggerated in male mice (72% fatal aortic rupture between
postnatal day 50 and 75 vs 15% in females). This is reminiscent of the elevated risk of vascular
rupture in young men with vEDS at the end of puberty. We hypothesized that androgen signaling may
contribute to puberty-associated aortic rupture. To test this, we treated vEDS mice with bicalutamide,
an androgen receptor antagonist (ARA), and hydralazine. We found near-complete rescue from aortic
rupture in both male and female mice (90% and 100% long-term survival, respectively). Notably,
ARAs alone do not afford the same degree of protection as seen when used with hydralazine,
suggesting therapeutic synergy. In anticipation of a reluctance to use potent ARAs in young men with
VEDS, we considered the potential use of spironolactone, a diuretic that reduces androgen production,
is a competitive antagonist of the androgen receptor and is used clinically for a variety of indications
in adolescents of both sexes. Initiation of treatment with hydralazine and spironolactone at 21 days of
age in VEDS mice of both sexes achieved 100% long-term survival, as compared to 45% in untreated
mice. Risk correlated directly with ERK1/2 phosphorylation in the aortic wall. The vulnerability at
puberty seen with hydralazine, but not ruboxistaurin or cobimetinib, positions androgen cross-talk
downstream of IP,; but proximal to PKCB. Our results provide the first evidence that targetable
signaling events contribute to the pathogenesis of VEDS and that puberty-associated vascular risk is
androgen dependent, highlighting unanticipated therapeutic opportunities. This study may inform the
mechanism for a more generalized increase in disease incidence and/or severity in males with other
aortopathies including Marfan syndrome, bicuspid aortic valve with aneurysm and abdominal aortic
aneurysm.
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Bicuspid aortic valve (BAV) with distal ascending aortic aneurysm (DAscAo0A) is the most common
inherited aneurysm condition. Despite clear autosomal dominant inheritance with incomplete
penetrance, very little is known regarding the etiology or pathogenesis of BAV/DAscAo0A. Obstacles to
progress include extreme locus heterogeneity, with currently defined genes accounting for less than
5% of disease, and the lack of robust animal models. There is a clear male bias with regard to disease
incidence, penetrance, and severity that has not been mechanistically characterized. Unlike most
heritable aortopathies that show restricted dilatation of the aortic root such as Marfan syndrome
(MFS), Loeys-Dietz syndrome (LDS), and isolated familial thoracic aortic aneurysm (iFTAA), the
aortopathy associated with BAV typically shows predominant enlargement of the ascending aortic
segment distal to the sinotubular junction. We have now shown that this segmental predisposition is
recapitulated in MFS mice treated with calcium channel blockers (CCBs). ERK activation and
angiotensin Il type 1-receptor signaling are drivers of aortic disease in this model, and Notch signaling
is overtly protective as Notch antagonists dramatically accentuate the DAscAoA phenotype.
Importantly, this model shows the male gender bias with regard to incidence and severity of
aneurysm observed in people with BAV/DAscAO0A, providing a unique opportunity to elucidate the
mechanism underlying this sexual dimorphism. We performed RNA-sequencing on DAscAo specimens
from male MFS mice treated with CCBs with or without rescue with ERK inhibition (ERKi). Regulation of
androgen receptor activity emerged as a top enriched pathway in the filtered dataset of expression
changes induced by CCBs but abrogated by addition of ERKi. We hypothesized that androgen receptor
signaling may be responsible for the increased severity of the aortic phenotype in males. To test this,
we treated male MFS mice receiving CCBs and Notch inhibitor with the androgen receptor antagonist
Enzalutamide. Informatively, this isolated intervention completely abrogated DAscAoA formation in
male MFS mice treated with CCBs and Notch inhibitors; protection was also evident in corresponding
female mice, presumably due to the inhibition of female androgens. The natural protection afforded in
preadolescent or female MFS mice suggests that androgen antagonism may emerge as a viable
therapeutic strategy in a broader clinical context.
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Introduction: Myhre syndrome (MS) is an ultra-rare autosomal dominant disorder due to recurrent
mutations in the SMAD4 gene encoding a member of TGFB-SMAD4 pathway regulating extra-cellular
matrix (ECM) homeostasis. The core clinical features of MS are related to progressive fibrosis and
include thickening of skin and joint stiffness. Studies in fibroblasts have previously shown that
losartan, an antihypertensive drug and TGF-B antagonist, corrects the ECM deposition defect of MS.
Materials and methods: Five MS subjects (mean age: 22.4 years) with SMAD4 mutations underwent
clinical and laboratory evaluations including: 1. skin thickness by Rodnan score; 2. joint stiffness by
goniometry; 3. speckle-tracking echocardiogram for myocardial fibrosis; 4. untargeted metabolomic
GC/MS analysis in blood and urine to search for disease biomarkers.

Results: MS subjects were found to have increased skin thickness with an average Rodnan score of
18+5.6 [ranging from 0 (no thickening) to 51 (severe thickening)] and reduced joint range of motion,
particularly at the ankle and knee by goniometry. Speckle-tracking echocardiogram revealed an
increased strain (average 12.5+3.2 with normal values of 19.7+0.28) suggesting cardiac fibrosis that
improved in one MS subject treated with losartan. The metabolomes of MS subjects were well
separated from controls and butyric acid, ribitol and ribitol-related metabolites were found to be
significantly higher in MS compared to controls.

Conclusions: MS patients showed multisystem involvement with fibrosis of skin, joints, and heart. A
distinctive metabolomic signature involving fatty acids and polyols was detected. The present study
unravels endpoints to monitor disease progression and for the evaluation of therapeutic efficacy.
Preliminary data suggest that losartan can improve cardiac fibrosis in MS.
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Autosomal recessive congenital ichthyosis (ARCI) is a rare and severe disorder of disturbed
cornification. Patients present with a more or less intense scaling on the entire body, often
accompanied by secondary features including hair loss, ectropion, eclabion, and joint stiffness,
especially in the very young. ARCI is both genetically and clinically heterogeneous. There are
presently no curative therapies available, current treatment options are restricted to frequent and
extended bathing, application of cremes and scrubbing off of excess scales.

Approximately one third of ARCI cases are caused by mutations in TGM1 making it the most common
known cause. TGM1 encodes transglutaminase 1 which is required to cross-link proteins in the
outermost layer of the skin (horny layer). The disease disrupts normal keratinisation resulting in
generalised scaling of the skin with notable detriments to barrier function, the latter of which leads to
increased trans-epidermal water loss and a greater susceptibility to infections. In the present study,
thermoresponsive nanogels (tNG) loaded with functional, recombinant transglutaminase 1 were
applied to the surface of full thickness skin equivalents generated with the keratinocytes of
transglutaminase 1 deficient ARCI patients. The skin equivalents demonstrated clear deficiencies in
transglutaminase 1 activity and skin barrier function, in line with the pathophysiology of ARCI. Topical
application of the loaded tNGs instated transglutaminase 1 activity within the viable epidermis of the
mutant skin equivalents and improved skin barrier function in a manner dependent on
transglutaminase 1 dose; application of the tNG alone or recombinant transglutaminase 1 alone had
no impact. Toxicity studies in skin equivalents as well as keratinocyte and fibroblast monolayers
confirmed the high biocompatibility of the treatment. Topical protein replacement therapy for
transglutaminase 1 deficient ARCI patients appears highly promising and demonstrates a novel
therapeutic approach for monogenic skin diseases.
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Life-threatening hyperammonemia results from inherited defects of the urea-cycle and acquired liver
diseases. O-GIcNAcylation is a dynamic post-translational modification of intracellular proteins
catalyzed by the enzyme O-GIcNAc transferase (OGT) whereas the O-GlcNAcase (OGA) removes the
O-GIcNAc. O-GIcNAcylation regulates liver metabolism of glucose, lipids, and bile acids. Here, we
investigated the role of hepatic O-GIcNAcylation in ammonia detoxification.

Pharmacological and genetic inhibition of OGA was investigated in C57BL/6 wild-type mice with acute
hyperammonemia induced by intraperitoneal injection of ’N-labeled ammonium chloride. Ammonia
removal was monitored by measurements of serum ammonia whereas ureagenesis was evaluated by
“N-NMR spectroscopy. O-GlcNAcylated protein levels were determined by Western blot and hepatic
gene expression by qPCR. Whole-liver metabolome and proteome analyses were performed by *H-
NMR and mass spectrometry, respectively.

Treatment with OGA inhibitor molecules (PUGNAc and Thiamet-G) increased O-GIcNAcylation of liver
proteins. Both drugs reduced concentrations of serum ammonia and increased serum levels of *N-
labeled urea. Similar results were observed in mice with siRNA-induced hepatic knockdown of OGA.
Interestingly, whole-liver metabolome was well separated between mice with enhanced O-
GlcNAcylation and controls, and metabolite set enrichment analysis unravelled urea-cycle among the
main implicated pathways. Neither expression of genes encoding urea-cycle enzymes nor genes
involved in ammonia detoxification were affected by OGA inhibition. The protein amount of these
enzymes was also unaffected, suggesting that hepatic O-GIcNAcylation regulates ammonia clearance
capacity by controlling the enzymatic activity of the urea-cycle.

In conclusion, hepatic O-GIcNAcylation plays an important role in ammonia detoxification. The
mechanisms underlying increased ureagenesis by OGA inhibition is under investigation. Nevertheless,
OGA is a novel therapeutic target for treatment of hyperammonemia of both urea cycle disorders and
acquired hyperammonemia.
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Insulin resistance increases a patient’s risk of developing type 2 diabetes, non-alcoholic
steatohepatitis (NASH) and a host of other comorbidities including cardiovascular disease and cancer.
At the molecular level, insulin exerts its function through the insulin receptor (IR), a transmembrane
receptor tyrosine kinase. Data from human genetic studies have shown that Grb14 functions as a
negative modulator of IR activity, and germline Grb14-knockout mice have improved insulin signaling
in liver and muscle tissues. Here, we confirm the insulin dependent interaction between IR and Grb14
and show that Grb14 knockdown in the liver and the heart with an AAV-shRNA (Grb14-shRNA)
improved glucose homeostasis and insulin resistance in diet-induced obese (DIO) mice. A previous
report has shown that germline deletion of Grb14 in mice resulted in cardiac hypertrophy and
decreased systolic function; effects that could severely limit the therapeutic potential of targeting
Grb14. In order to understand the direct role of Grb14 in the heart, we investigated the cardiac
function longitudinally for a period of four months in DIO mice treated with Grb14-shRNA. There were
no significant changes in hemodynamic function as measured by echocardiography between the
treated animals with respect to its control. While additional studies are needed to further establish
efficacy and to de-risk potential negative cardiac effects under heart failure conditions, our data
support modulating Grb14 as a bona-fide strategy to treat insulin resistance and NASH.
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Purpose
Diabetes mellitus type 2 is a disease associated with chronic pain. Mechanisms of this association are

not fully understood. Few studies have explored the genetics of this association, and an independent
genetic link between diabetes and low back pain (LBP) has not been completely investigated. We
hypothesize that variants in candidate genes are associated with comorbid diabetes and LBP
phenotypes.

Methods

This cross-sectional study is a part of a larger study of subacute and chronic LBP within the PRECISION
Pain Research Registry. Subjects were recruited from the Dallas-Fort Worth Metroplex and reported
LBP for at least 2 months (subacute) or 6 months (chronic) for half or more of the days with the
relevant time period.

Primary outcomes were assessed using a Numerical Rating Scale (NRS) for pain intensity, the Roland-
Morris Disability Questionnaire for back-specific functioning, and the Patient-Reported Outcomes
Measurement Information System for quality of life measures.

Study participants self-reported diabetes. Biological samples were collected to determine participants’
genotypes using the Infinium Global Screening Array. Analyses were conducted using SPSS Statistics
software among 488 study participants, 109 of whom reported diabetes.

Twenty-seven candidate genetic loci concurrently implicated in both pain phenotypes and diabetic
phenotypes were identified from the literature. From these loci, 35 candidate genes were used to
perform a gene-based association study (GBAS) to identify their potential association with diabetes
and LBP. Genetic variants were mapped to candidate genes for association with each of the pain
phenotypes after adjusting for age, sex, diabetes status, and ancestry components 1-10 using MAGMA
computational software.

Results

GBAS results point to variants in the PRKCA gene as being associated with both NRS of LBP intensity
and diabetes. PRKCA is a family of protein kinases implicated in neuropathic pain and formation of
advanced glycation end products.



Conclusions
Of the 35 genes tested, only variants in PRKCA are significantly associated with LBP and diabetes in

the PRECISION cohort. These findings build on a framework which suggests that genetic predisposition
in PRKCA may underlie diabetes and LBP.
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Introduction

Recent studies raise a concern about the accuracy and interpretation of direct-to-consumer genetic
testing (DTC-GT) raw data for health information. We have found that 23andMe raw data contains 316
variants in the GCK (glucokinase) gene, including 273 reportedly pathogenic or likely pathogenic
variants that have been implicated in the Maturity Onset Diabetes of the Young 2 (MODY2, or GCK-
MODY), a lifelong form of mild hyperglycemia which can be misdiagnosed as type 1 or type 2 diabetes
but requires no treatment. In this project, we used GCK-MODY as an example to discover how many
consumers may find GCK-MODY causing variants in their raw data and how many are possibly real.
Methods

23andMe DTC-GT raw data of 3040 anonymous consumers was downloaded from openSNP and GCK
variant genotypes extracted for analysis. Call rate and Hardy-Weinberg equilibrium (HWE) p-value
were calculated. Pathogenicity of exonic/ splicing variants found in openSNP contributors was
classified using 2015 ACMG/AMP guidelines. We also evaluated how many GCK variants identified
through sequencing in the Personalized Diabetes Medicine Program (PDMP), an implementation
project to demonstrate the clinical utility of monogenic diabetes diagnosis, would have been detected
through from the DTC-GT raw data.

Results and Conclusion

488 (16.1%) consumers showed a total of 18 pathogenic/likely pathogenic variants, with only 2 having
a call rate >99% and HWE p>0.05. One pathogenic frameshift allele, c.174delG, was called in 239
consumers (call rate = 14%, HWE p < 0.01), for a MAF of 8% compared to 0% in gnomAD,
underscoring the value of population data for clarifying the likelihood of false positives (apparently
99.7% in this case). Finding 2 individuals with credible GCK-MODY variants in the 3040 samples
(0.07%) is consistent with a recent population estimate 0.1% for this condition. The DTC-GT raw data
could potentially have identified 11 of the 21 GCK-MODY patients from the PDMP, although only 5 of
the 11 variants had call rates > 99%, with the other 6 having call rates of 80%-98%, suggesting a
high risk for false negatives even for variants included on the array. While actual GCK-MODY cases
may have been identified, these results also support an empirically high risk of false positive and
negative results from DTC-GT raw data, indicating consumers should heed disclaimers about
limitations of non-medical grade genetic testing accordingly and pursue medical grade testing when
indicated.
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Introduction: Serum alkaline phosphatase (ALP) is a commonly-used indicator of liver disease. ALP
levels are genetically influenced but exact genetic and biochemical etiologies underlying ALP variation
are not known.

Methods: We carried out genome-wide association study (GWAS) of inverse normally-transformed
ALP with >20 million imputed SNPs using Scalable and Accurate Implementation of GEneralized mixed
model, controlling for age, sex, and principal components, in >390,000 white-British individuals from
UK BioBank. We then meta analyzed these results with ALP association results from >130,000
individuals of Japanese ancestry from BioBank Japan (5,951,600 imputed SNPs) with using METAL.
Cross-trait analysis was performed using GWAS of quantitatively-measured nonalcoholic hepatic
steatosis (GOLD consortium) and alcoholic cirrhosis (PMID 26482880) (P<0.05 reported), and 9
targeted metabolic UK BioBank traits/diagnoses (FDR<0.05 reported). DEPICT analyses were carried
out using SNPs with ALP association P<1x107®; we reported tissues/pathways with FDR<0.05.
Results: On meta analysis of UK BioBank and BioBank Japan, 316 SNPs associated with ALP at
genome-wide significance (P<5x10®), 301 of which were novel. Many ALP-increasing SNPs affected
liver-related traits: SNPs in/near GCKR increased quantitatively-measured nonalcoholic hepatic
steatosis, and others in/near MARC1 increased risk of alcoholic cirrhosis. A range of metabolic
patterns were seen: ALP-increasing SNPs in/near MSL2 increased body mass index, triglycerides, and
LDL-cholesterol while lowering serum HDL-cholesterol; other SNPs near GCKR produced a mixed
phenotype with higher triglycerides and LDL-cholesterol but decreased diabetes, and yet others
in/near APOC1 caused decreased both triglycerides and LDL-cholesterol. Some ALP associated SNPs
were in/near genes involved in glycoprotein biology (ASGR1), immunity (TIRAP), drug metabolism
(CYP2A6), or monogenic liver disease (HFE). DEPICT showed enrichment in liver, followed by adipose
tissue, small intestine, and pancreas. The top enriched gene sets were PPAR-alpha, nonspecific liver,
and lipid localization pathways.

Conclusions: We identified 301 novel ALP-increasing SNPs in UK BioBank and BioBank Japan. These
variants influence hepatic steatosis, alcoholic liver disease, and diverse metabolic traits/processes.
Genes associated with ALP-increasing SNPs are primarily liver-expressed and highlight multiple
pathways underlying liver disease.
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Background: Cirrhosis is characterized by extensive fibrosis of the liver and is a major cause of liver-
related mortality. Cirrhosis is partially heritable but genetic contributions to cirrhosis have not been
systemically explored. Here, we perform an unbiased genome-wide analysis of variants for association
with cirrhosis in two large biobanks and determine the effects of cirrhosis associated variants on
multiple human disease/traits.

Methods: We carried out a genome-wide association analysis of cirrhosis (based on diagnostic codes)
as a diagnosis in UK BioBank (1,088 cases vs. 407,873 controls) and then tested top associating loci
for replication with cirrhosis (based on diagnostic codes and a validated text search) in the hospital-
based cohort Michigan Genomics Initiative (MGI; 875 cases of cirrhosis vs. 30,346 controls). For
replicating single nucleotide polymorphisms (SNPs) or SNPs previously associated with cirrhosis, we
determined their effects on other diseases (phenome-wide association study), common metabolic
traits, and serum/plasma metabolites.

Results: SNPs near the genes PNPLA3 and HFE associated with cirrhosis at genome-wide significance
(p < 5 x 10°) in UK BioBank and replicated in MGI. We confirmed that previously-reported common
SNPs in HSD17B13, MBOAT7, TM6SF2, SERPINA1, STAT4, and IFNL4 associate with cirrhosis in UK
BioBank or MGI. Most SNPs associated with liver enzyme abnormalities. Phenome-wide association
study on these SNPs identified diverse and novel associations; the cirrhosis increasing alleles at
SERPINAI increased height and cirrhosis promoting SNPs at STAT4 increased respiratory infection.
The cirrhosis increasing allele in HFE increased blood pressure but decreased serum low-density
lipoprotein and total cholesterol while the cirrhosis promoting allele at MBOAT7 decreased
triglycerides and increased high-density lipoprotein. The cirrhosis promoting allele at SERPINA1
increased low-/intermediate-density lipoproteins while the cirrhosis promoting allele at TM65F2
decreased these.

Conclusions: We identified loci associated with cirrhosis at genome-wide significant and validated
previously-reported common variants for association with population based cirrhosis. These variants
produce diverse effects on human diseases and traits, metabolic traits/disease, and circulating
metabolites.
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HMI-102 is an investigational gene therapy for PKU due to phenylalanine hydroxylase (PAH)
deficiency. The PAH enzyme converts phenylalanine (Phe) into tyrosine (Tyr). PAH deficiency is due to
mutations in the PAH gene, resulting in excess Phe. It's inherited as an autosomal recessive,
monogenic defect, making it suitable for potential AAV-based gene therapy.

PAH deficiency has a continuum of clinical phenotypes characterized by elevated blood Phe, ranging
from mild hyperphenylalaninemia (HPA) (Phe 120-360 umol/L) to classic PKU (Phe over 1200 umol/L).
Current US treatment guidelines indicate treatment is not required for mild HPA. Untreated PKU in
children results in severe neurological impairment. Adults treated with Phe-restricted diets as children
present with higher rates of neuropsychiatric comorbidities.

HMI-102 delivers the human PAH gene to the liver using AAVHSC15, a clade F vector isolated from
human hematopoietic stem cells. The gene is transcribed and translated into active PAH. HMI-102 was
tested in PAH®"* mice, a murine model of PKU with several features consistent with the human classic
PKU phenotype, including blood Phe over 1200 uM. HMI-102 normalized blood Phe within one week of
administration in mice on a normal chow diet. Phe reduction was sustained for 48 weeks (lifespan of
the mouse model). HMI-102 normalized blood Tyr, 5-HIAA in the brain, and darkened the mouse coat
color, demonstrating restoration of Phe metabolism.

In GLP studies in non-human primates and mice, there were no adverse test-article related findings.
Durable vector genomes (vg) and mRNA expression were present in the livers; vg levels were
comparable in both species at given weight-based doses. Dose modeling simulations for baseline Phe
up to 2400 umol/L were done using PAH*"’efficacy data to select doses for the first-in-human (FIH)
study. The modeling predicted a robust response for the starting dose (>90% of subjects would
achieve Phe <360 umol/L).

A retrospective chart review was conducted to characterize blood Phe control in 152 patients with
HPA. The data showed high Phe levels despite dietary restriction, demonstrating an unmet need for
therapies to control blood Phe. The data also confirmed the FIH study design eligibility criteria and
endpoints.

Collectively, the nonclinical data and retrospective study support initiation of the FIH study, which will
assess the safety, tolerability, and efficacy of HMI-102 in adults with classic PKU.
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The human blood metabolome is comprised of thousands of small molecules, many of which are
associated with human health and disease. Host genetics and environmental factors contribute to the
variation in the levels of some of these metabolites. While certain genetic loci have been shown to be
associated with peripheral blood metabolite concentrations, the extent to which the human gut
microbiome influence these variations remains understudied. In particular, gene-environment
interactions with the gut microbiome are uncharacterized. In this study, we investigated the
associations between host genetics and gut microbiome features with the concentrations of 943 blood
metabolites in a US-based cohort of 1,675 individuals. A genome-wide association analysis using
whole-genome data identified 232 metabolites associated with 141 genomic loci (genome-wide
significance P = 5.42 x 10™"). We also identified microbiome-wide associations between 191
metabolites and 49 bacteria genera (microbiome-wide significance P = 5.36 x 10”) using a beta-
binomial model. 40 of these metabolites were significantly associated with both host genetics and
microbiome. Of these associated genetic loci and associated bacteria genera, 5 metabolites (2 amino
acids, 2 xenobiotics, and 1 unidentified) had significant gene-environment interactions (P, < 0.05)
between genetic variants and either Faecalibacterium or Lachnospira, two butyrate-producing
bacteria genera. Taken together, we highlight several host-microbe interactions and demonstrate a
joint genetic and microbial effect on blood metabolites. Understanding these relationships provides
the foundation for future applications in precision medicine.
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Obesity is a major risk factor for chronic disease. Besides an obesogenic lifestyle, genetic factors also
determine susceptibility to obesity. Using a polygenic risk score (PRS) for obesity, those in the top
10% were shown 25x more likely to be severely obese compared to the bottom 10%. Interestingly, a
proportion (17%) of the top 10% were of normal weight. To gain insight into the mechanisms that
determine resilience to genetic predisposition to obesity, we characterized normal weight and obese
individuals with a high (top 5%) and low (bottom 5%) PRS within the UK Biobank.

Using PRSice, we built a PRS with BMI association summary statistics of 2.1 million variants (Locke et
al. 2015) that we tested in 372,584 unrelated UKB participants of European ancestry. We defined 6
groups; by PRS [bottom 5%, middle 35-65%, top 5%) and BMI-category (under/normal weight [BMI:
<25kg/m?, NW] and obese [BMI=30, OB]), and compared demographics, body composition, clinical
history, and measures of the obesogenic environment. All analyses were adjusted for age, sex,
center, and the first ten PCs.

In the top 5% of the PRS (N=18,630), 44.5% were OB, whereas 17% were NW. In the bottom 5% PRS
(N=18,628), the discrepancy was more pronounced; 53.9% were NW, and only 9% were OB. Among
NW individuals, those in the top 5% PRS had (P<1le-3) somewhat higher adiposity, lower energy
intake, more sedentary time, were more often smokers, were less educated, and had more often
diabetes, compared to those in the bottom 5%, though material deprivation and birth weight were



similar. Among OB individuals, we saw similar differences. In the high-PRS group, 84% of the NW
reported to be thinner or of average body size at age 10, compared to 59% of the OB (P<2e-16).
Conversely, in the low-PRS group, 27% of OB reported to be “plumper” at age 10, compared to 6% of
NW (P<2e-16). Among the high-PRS group, NW were (P<1e-3) more physically active and educated,
less sedentary and materially deprived, fewer had diabetes, but more were smokers, than OB. Inverse
trends were observed in the low-PRS group.

Taken together, body size tracks across the life course, which seems to be largely driven by a genetic
predisposition (PRS), but also by (non-)genetic factors not captured by the PRS. Moreover, material
deprivation, education and lifestyle may counteract one’s genetic predisposition to obesity.
Understanding the genetic and non-genetic contributors to body size can help define the scope and
timing of prevention.
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Over 400 robust signals of T2D association have been identified to date. Whilst “global” polygenic
scores using all signals of T2D predisposition are appropriate for risk prediction, “partitioned” scores
(pPS) that capture the etiological diversity of T2D may have more value for clinical decision-making
related to the heterogeneity within T2D.

Here, we extend previous pPS analyses to an expanded set of 337 T2D signals, using clusters defined
on the basis of multi-trait association patterns across 10 core traits. Fuzzy clustering defined six
genetic clusters (GCs), capturing variants with primary effects on adiposity (GC1-BMI), lipids (GC2-
lipids), insulin action (GC3-1A) and beta-cell function (GC4-BCF, GC5-BCF), plus a sixth with mixed
features (GC6-MIX).

We considered the impact of individual T2D-pPS loadings on complication risk utilizing publicly
available GWAS for CAD, atrial fibrillation (AF), hypertension, CKD, renal function (eGFR, albuminuria),
stroke and fatty liver (liver fat%), and observed multiple GC-specific patterns of association with
outcomes (p<0.0007). T2D-risk mediated by GC1-BMI was exclusively associated with AF (OR=1.3 per
1SD pPS increase), whereas GC2-Lipids associated with CKD (OR 1.4) and reduced eGFR (OR 0.95).
Hypertension and CAD were most strongly associated with GC1-BMI and GC3-IA (OR>1.3). T2D-risk
attributable to GC2-Lipid scores was associated with lower CAD risk (OR 0.60) but increased liver fat
(OR 2.5), counter to the broader epidemiological association between them.

Next, we used available metabolomic and proteomic data to identify candidate biomarkers for each of
these processes. We detected 56 protein, 83 metabolite, and 26 glycan associations (g-value<0.05
within each marker group) Many of these were associated with the GC2-Lipid pPS (including AKT2,
APOB, APOE). Other candidates included IGFBP2 and APOF as markers of insulin resistance (GC3-1A).
GC4-BCF and GC5-BCF pPS showed divergent associations with proinsulin (high vs low levels,
respectively) pointing to distinct mechanisms of beta-cell dysfunction. Circulating levels of ATF6, a
known marker of ER stress response, were associated exclusively with GC5-BCF.

Our findings demonstrate that partitioned polygenic scores capture individual differences in the
etiological contributions to T2D development that can be related to clinically relevant outcomes, and
which provide a mechanistic framework for understanding disease heterogeneity.
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Objective Inhibition of proprotein convertase subtilisin kexin type 9 (PCSK9) decreases risk of sepsis
in animal models. We tested whether functional PCSK9 genetic variants, a PCSK9 genetic risk score
(GRS), or genetically-predicted PCSK9 expression levels were associated with the risk of sepsis in
patients admitted to the hospital with infection.

Design, Setting and Participants De-identified electronic health records were used to define a
cohort of patients admitted to Vanderbilt University Medical Center, Nashville, Tennessee, with
infection. Patients were white adults, had an International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD9) or ICD10 code indicating infection and received an antibiotic within 1 day
of hospital admission (N=61502).

Interventions (1) 4 known PCSK9 functional variants (rs11591147, rs11583680, rs562556 and
rs505151, N=10922), (2) a GRS for PCSK9 (N=7624), and (3) genetically-predicted PCSK9 expression
(N=6033).

Main Outcomes The primary outcome was sepsis; secondary outcomes included cardiovascular
failure (use of a pressor agent) and in-hospital death.

Results None of the 4 functional PCSK9 variants were significantly associated with sepsis,
cardiovascular failure, or in-hospital death, with or without adjustment for (1) age and sex, or (2) age,
sex, and Charlson/Deyo comorbidities. In the fully-adjusted model, the odds ratios [ORs] (95% ClI) for
rs11591147 were: sepsis, 0.84(0.64-1.09); cardiovascular failure, 1.24(0.82-1.85); and in-hospital
death, 0.73(0.36-1.51). The ORs for rs11583680 were: sepsis, 1.01(0.93-1.10); cardiovascular failure,
0.94(0.81-1.09); and in-hospital death, 1.06(0.86-1.31). The ORs for rs562556 were: sepsis,
0.99(0.92-1.07); cardiovascular failure, 1.02(0.90-1.17); and in-hospital death, 0.99(0.81-1.21). The
ORs for rs505151 were: sepsis, 0.92(0.78-1.08); cardiovascular failure, 1.05(0.80-1.37); and in-
hospital death, 0.80(0.51-1.26). Similarly, the PCSK9 GRS were not significantly associated with sepsis
1.01 (0.96-1.06), cardiovascular failure, 1.03 (0.95-1.12), and in-hospital death 1.05 (0.92-1.19).
Genetically-predicted PCSK9 expression was not associated with sepsis 1.01 (0.95-1.06),
cardiovascular failure 0.96 (0.88-1.05), and in-hospital death 0.99 (0.87-1.14). All p-values>0.05.
Conclusion PCSK9 genetic variants were not associated with risk of sepsis in patients hospitalized



with infection nor were they associated with the outcomes of sepsis.
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Uterine fibroids are the most common female pelvic tumor with prevalence up to 77% by menopause
in African Americans. African American women have increased risk of fibroids than other continental
populations, as well as larger and more numerous fibroids. The known genetic architecture of uterine
fibroids currently includes ~30 loci, most discovered in European populations. We conducted a
phenome-wide association study (PheWAS) of uterine fibroids polygenic risk scores (PRS) to
understand the shared genetic contributions across clinical phenotypes. We constructed an African-
ancestry uterine fibroids PRS of 317 SNPs using a p-value threshold of <1x10™. Effect sizes were
derived from imaging-confirmed uterine fibroids genome-wide association study (GWAS) of 1,272
cases and 1,379 controls from the Electronic Medical Records and Genomics (eMERGE) network. We
then performed PheWAS across 6,061 independent women from eMERGE using the PRS as the
predictor for clinical diagnoses adjusted for age, body mass index, and principal components. We
identified 26 significant (p-value < 2.5x107®) results among 1,381 diagnoses. The top association was
uterine fibroids (p-value = 6.42x10°*), showing that the PRS is well-calibrated even when not
restricted to imaging-confirmed cases and controls. Other top results included genitourinary
conditions related to uterine fibroids, including six diagnoses related to menstrual dysregulation.
There were also novel associations with other gynecological conditions including endometriosis (p-
value = 2.51x10™"), ovarian cysts (p-value = 1.26x107), and abnormal Papanicolaou smear (p-value =
1.55x10°). Overall, results suggested that this imaging-confirmed uterine fibroids PRS is a valid
correlate of the genetic risk underlying uterine fibroids development. We also observed associations
with other gynecologic conditions, including neoplastic phenomena, suggesting shared genetic risks.
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Introduction: The CD55 gene encodes the decay accelerating factor, a complement system regulator.
Bi-allelic loss-of-function variants in CD55 cause an early-onset protein-losing enteropathy (PLE)
syndrome, associated with intestinal lymphangiectasia and susceptibility to large-vein thrombosis. A
short-term three-months-trial of eculizumab (C5-inhibitor) therapy in three CD55-deficiency patients
showed marked improvement in disease manifestations. Here we present the two-year treatment
outcomes for these patients, highlighting treatment safety and sustained therapeutic response.
Methods: Off-label eculizumab treatment was administered to three CD55-deficiency patients. Clinical
treatment outcomes included frequency and consistency of bowl movements, weight, patient/parent
reports of overall well-being; laboratory outcomes were underscored by serum albumin and total
protein levels. Membrane attack complex (MAC) deposition on leukocytes was tested by flow
cytometry, before and throughout treatment.

Results: All three patients had marked clinical improvement in all components, including resolution of
PLE manifestations (diarrhea, edema, malabsorption), hypercoagulability, overall well-being, growth
and quality of life. Correspondingly, all laboratory outcome parameters improved and normalized,
including albumin and total protein levels, and up to 80% reduction in MAC deposition was observed
on leukocytes (p<0.001). There were no severe adverse events over two years of treatment.
Conclusions: Patients with CD55-deficiency present with early-onset diarrhea, edema, severe
hypoalbuminemia, abdominal pain, malnutrition and susceptibility to venous thrombosis. Previously a
life-threatening condition, CD55-deficiency is highly responsive to targeted therapy with the terminal
complement inhibitor eculizumab, with positive clinical and laboratory outcomes. This study
underscores the significant role of the complement system in the gut, and warrants further studies on
the function of the complement system and CD55 in other gastrointestinal disorders.
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Alport syndrome (AS) is an inherited genetic disorder characterized by clinicopathologic alterations
ranging from glomerular basement membrane abnormalities to end-stage renal disease. Mutations in
the collagen a3, a4 and a5 encoding genes are causative of both the autosomal and X-linked forms of
AS. A curative therapy for AS is still lacking, and the podocytes’ functional disruption can be only
partially recovered by symptomatic treatments.

Podocytes, a key component of the glomerular structure, are the only kidney cells able to produce the
COLIVa3-a4-a5 heterotrimer. We have previously demonstrated that it is possible to isolate podocyte-
lineage cells from urine of patients. Building upon the availability of urine-derived podocytes as an
easy source of disease-relevant cells, we have established the efficiency of CRISPR/Cas9 gene therapy
to restore the wild-type genotype in-vitro. We have engineered a two-plasmid system to correct the
causative mutation in two stable podocyte-lineage cell lines, harboring a mutation in the X-linked
COL4A5 (p.(Gly624Asp)) and in the autosomal COL4A3 gene (p.(Gly856Glu)). We have achieved
reversion of mutations greater than 40% with undesired insertions/deletions lower than 15%.
CRISPR/Cas9 gene editing experiments on urine-derived podocyte-lineage cells from a naturally
occurring dog model harboring a deletion of 10 bp in exon 9 of COL4A5 replicated the results in
human cells with a rate of correction greater than 50%.

In vivo experiments using our two-plasmid system to correct the COL4A5 mutation in the AS dog
model are currently ongoing. A single femoral artery catheterization will be used to deliver the AAV2-
CRISPR/Cas9 correction system in-vivo, injecting into both renal arteries. The procedure will be
performed at 8 weeks of age, which is typically before the occurrence of microalbuminuria, using one
of two dosages (1011-1012 and 1013-1014) in two affected males. A third affected male dog will be
treated with mut-AAV2-CRISPR/Cas9 as a negative control.

The described approach can provide proof-of-principle for a gene therapy strategy for AS treatment,
opening up the possibility of in-vivo clinical trials on AS patients based on personalized transformative
medicine tailored to the pathogenic mechanism and able to directly act on disease-relevant cells.
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Uterine leiomyomata (UL) are the most common cause of pelvic tumors in women with lifetime
incidence of 70%. Little is known about the etiology of UL. Prior Genome-Wide Association Studies
(GWAS) in predominately European Ancestry (EA) populations have identified ~30 loci that are
associated with UL. We developed a UL polygenic risk score (PRS) and combined it with a Phenome-
Wide Association Study (PheWAS) approach to gain understanding about the shared genetic
contribution across many clinical phenotypes. We constructed the PRS with PRSice software using
effect sizes derived from a non-Hispanic EA, imaging-confirmed UL GWAS set from the Electronic
Medical Records and Genomics (eMERGE) Network (N=2,651 cases and 4,326 controls). It was
optimized in an independent set of UL imaging-confirmed cases and controls (N= 429 cases, 4,750
controls) from BioVU. The PRS consisted of 4,448 linkage disequilibrium pruned (r’<0.2) variants
(p<0.001) and the model was significant (r* = 0.0017, p-value = 0.041). PheWAS analyses were
performed in 53,116 non-Hispanic EA and 5,583 non-Hispanic African-American (AA) men and women
from eMERGE, excluding samples used for model construction, using the PRS as the predictor for
1,738 clinical disease phenotypes adjusted for sex, age, body mass index, and 10 principal
components. Our PRS PheWAS detected UL as the most significant phenotype for non-Hispanic EAs
combined sexes and non-Hispanic EAs females-only test (p=9.58x10"*"). We detected 40 and 47
significant phenotypes in non-Hispanic EAs and non-Hispanic EA females, respectively. Top phenotype
results included dysmenorrhea, other benign neoplasms of the uterus, endometriosis, and malignant
neoplasm of the uterus. Many associated phenotypes were in the genitourinary category; we also
detected associations in the neoplasm and sense organ category. The sense organ phenotypes were
eye diseases including astigmatism, optic atrophy, and myopia. In the non-Hispanic AA group, the PRS
did not detect any phenotypes at genome wide significance, possibly due to power. Validation of the
PRS is underway in the BioVU Repository (N=94,000) and Geisinger Health Systems (N=85,582). Our
results indicate that UL shares biological etiology with many other diseases, most notably other



neoplasms and eye diseases. Determining the relationships between UL and these other diseases
may reveal more about their molecular mechanisms and broaden our understanding about these
diseases.
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It is widely known that health disparities are multifactorial with origins that can be biological,
environmental, social, or political. Their combined impact on marginalized groups has significantly
lowered their quality of life, increased their difficulty of successful treatment and care, and impeded
any positive long-term standards of living. These realizations have ignited the precision health
initiative and the genetic research field has made substantial efforts to understand the underlying
genetic and biological effects of these diseases. However, many of the current genetic models used to
identify and analyze these effects often lack the data and statistical methods necessary to capture
non-biological effects leading to misrepresented models and misinterpreted results. Disentangling
these factors is crucial to understanding the structure of these disparities and we created a genetic
model that allows us to analyze these effects independently. Using the Vanderbilt University Medical
Center biobank (BioVU), a repository of DNA linked to de-identified electronic medical records, we
observed that a high proportion of diseases significantly associated with African ancestry are
confounded with race. Although genetic ancestry represents your ancestral origin and race is a social
construct, these two concepts are often used interchangeably or not fully accounted for in current
models. We partitioned out genetic ancestry from self-reported race by including their residuals in our
phenome-wide association study (PheWAS). After adjusting for genetic ancestry, race is significantly
associated with “Hypertension” (p=7.57e-05, OR=1.16) and “Malaise and fatigue” (p=2.05e-04,
OR=1.19) in African Americans. After adjusting for race, African genetic ancestry is significantly
associated with “Other anemias” (p=5.62e-07, OR=1.32) and “Disorders resulting from impaired
renal function” (p=6.31e-06, OR=1.70). This method allows us to examine the effects of genetic
ancestry and race separately which will enable us to parse out our resources and efforts to each
contributing cause more effectively.
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Background

The sequencing and haplotype phasing of entire gene sequences improves the understanding of the
genetic basis of disease and drug response. One example is cystic fibrosis (CF). CFTR (cystic fibrosis
transmembrane conductance regulator) modulator therapy has revolutionized CF treatment, but only
in a minority of CF subjects.

Observed heterogeneity in CFTR modulator efficacy is related to the range of CFTR mutations;
revertant mutations can modify the response to CFTR modulators, and other intronic variations in the
~200kb CFTR gene have been linked to disease severity. Heterogeneity in the CFTR gene may also be
linked to differential responses to CFTR modulators.

The Targeted Locus Amplification (TLA) technology from Cergentis can be used to selectively amplify,
sequence and phase the entire CFTR gene. With PacBio long-read SMRT sequencing TLA amplicons
are sequenced intact and long-range proximity information of all fragments in entire amplicons is
retrieved.

Experimental Design and Methods

TLA was performed on cell line and genomic DNA from Coriell GM12878, which has few heterozygous
SNVs in CFTR, and the IB3 cell line, with known haploptypes but heterozygous for the delta508
mutation. All sample types were prepared with high and low density TLA primer sets, targeting
coverage of >100kb of the (~200kb) CFTR gene. The TLA process produced amplicons consisting of
5-10 proximity ligated DNA fragments.

A multiplexed SMRTbell library of 10 TLA samples was sequenced on the PacBio Sequel System (1M
SMRT cell), generating hundreds of thousands of high-fidelity single molecule reads using CCS
(Circular Consensus Sequencing). CCS sequences were mapped, resulting in phased SNPs across the
entire gene. Phased reads were clustered and compared between DNA samples. Additionally, we
evaluated the coverage and data quality from the different sample types and TLA primer sets.

Conclusion

We demonstrate the power and utility of TLA with long-read SMRT sequencing as a valuable research
tool in sequencing and phasing across very long regions of the human genome. This process can be



done in an efficient manner, multiplexing multiple samples per SMRT cell in a process amenable to
high-throughput sequencing.
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Patients undergoing spinal surgery have a higher risk of persistent opioid use compared to other
surgical subtypes, with 23-52% of patients developing long term use patterns and dependence after
surgery. Interindividual differences in opioid analgesia associated with genetic variability have been
well-documented in surgical populations. This study aims to assess the genetic variability in a
postsurgical spine surgery population through pharmacogenomics (PGx) testing on pain and opioid
use outcomes. PGx testing of perioperative patients at UC San Diego Health was performed through
CQuentia NGS, LLC. Under an IRB-approved protocol, diplotypes for 53 spine surgery patients were
retrospectively extracted from PGx reports. PharmGKB and CPIC gene-specific information tables and
EHR priority result notifications were used to distinguish Normal from Abnormal drug metabolism
phenotypes for each of these diplotypes. Outcomes included baseline and three month postoperative
pain intensity ratings and postoperative opioid consumption in intravenous morphine equivalents at
24, 48 and 72 hours. A Wilcoxon rank sum test was used to test for differences in outcomes in
patients with clinically actionable CYP2D6 variants. Multivariate linear regression analysis was
performed on each PGx gene to determine association with increased opioid use postsurgically at 48
hours controlling for sex, age and body mass index. Clinically actionable PGx variants were observed
in the perioperative population (N= 3,527) at the following frequencies: CYP2D6-14%,
CYP2C19-28.9%, CYP2C9-3.1%, CYP3A4-7.9%, CYP3A5-4.4%, DPYD-1.8%, TPMT-8.5%. In patients with
an actionable CYP2D6 variant for opioid metabolism, 247 patients that were prescribed opioids may
have benefited from a change in clinical care based on the PGx results (Hydrocodone: 115 patients;
Oxycodone: 56 patients; Tramadol: 76 patients). Of 53 spine surgery patients, 11 patients (20.7%)
had actionable PGx variants in CYP2D6 (2 ultra; 9 poor metabolizers), indicating an altered opioid
regimen is warranted. Baseline and postoperative numeric pain rating scale and opioid consumption
did not significantly differ in these CYP2D6 patients (p > 0.05) and there were no statistically
significant differences between cohorts at any PGx variant for 48 hour opioid consumption (p > 0.05).
PGx testing may benefit a clinically relevant subset of patients undergoing spine surgery to improve
postsurgical pain and opioid use outcomes.
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Fibroblast Growth Factor Receptor 3 (FGFR3) plays a crucial role in the process of bone elongation as
genetically demonstrated by the identification of FGFR3 gain-of-function mutations in people
exhibiting the most common forms of dwarfism, namely achondroplasia (ACH) and
hypochondroplasia. Various therapeutic strategies have been considered, among which the most
advanced treatment is to employ an analog of C-type Natriuretic Peptide (CNP) which antagonizes the
MAP kinase pathway. Here, considering that FGFR3 activates many downstream signaling pathways
(e.g., STAT1), we evaluated a therapeutic strategy aimed to directly target the activation of FGFR3
and all signaling pathways, not just MAP kinase. The oral tyrosine kinase inhibitor (TKI) infigratinib
(BGJ398) is a potent, selective FGFR1-3 inhibitor with well characterized activity against FGFR3. We
hypothesized that a very low dose of infigratinib would be able to improve the defective bone
elongation. To answer this question, we treated a dwarf mouse model (Fgfr3”*“*) mimicking ACH,
with subcutaneous injections of infigratinib either daily (0.2 mg/kg/day or 0.5 mg/kg/day) or
intermittently (1 mg/kg, every three days) for a total treatment duration of 15 days (PND1-PND15).
Results were compared to vehicle treated mutant mice. We observed a significant improvement of
the upper (humerus +7%, ulna +11%) and lower (femur +11%, tibia +16%) limbs for a dose of 0.5
mg/kg, as well as improvement in the foramen magnum. The effect of the bone elongation was
reduced with a lower dose (0.2 mg/kg), thus confirming a dose-response relationship. To test the
hypothesis of whether daily treatment was needed, we performed intermittent injections of
infigratinib (1 mg/kg, every three days). The gain of growth compared to vehicle treated mice was
significant for all the long bones (+7%) and the size of the foramen magnum was increased. In
addition to the gain of growth, we observed a modification of the growth plate structure, displaying a
better organization of the hypertrophic zone, among other improvements. In conclusion, these data
demonstrated that low, as well as intermittent dose, of infigratinib promotes growth in this ACH
mouse model. No apparent toxicity of infigratinib was observed, thus suggesting that TKI therapy, as
with infigratinib, has the potential to be a valuable and relevant option for children with
achondroplasia.
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Osteogenesis Imperfecta (Ol) is characterized by low bone mass and fractures. Most cases are caused
by dominant pathogenic variants in the genes encoding type | collagen. Pathogenic variants in CRTAP,
involved in post-translational collagen modifications, cause severe recessive Ol. Previously, we have
shown that excessive TGFb signaling is an important contributor to the Ol phenotype in mouse models
of both dominant and recessive Ol, including Crtap” mice.

Intermittent PTH treatment increases bone mineral density (BMD) in patients with osteoporosis. In Ol
however, a randomized clinical trial found that PTH treatment did not increase BMD in patients with
severe forms of the disorder. Others have demonstrated interactions between the TGFb and PTH
signaling pathways, e.g. that TGFb signaling can reduce PTH receptor cell surface expression and
thereby decrease PTH signaling. Our preliminary studies suggest that BMSCs of Crtap” mice, cultured
in osteogenic conditions, exhibit a reduced pCREB/CREB ratio, suggesting impaired PTH signaling.

Hence, we hypothesized that inhibition of the excessive TGFb signaling in Crtap” mice restores the
osteoanabolic effects of PTH treatment. To test this hypothesis, we treated 8-week-old Crtap” and

wild-type (WT) mice with PTH (40 pg/kg, 5x/week, s.c.), low-dose of the TGFb neutralizing antibody
1D11 (Genzyme/Sanofi; 1mg/kg, 3x/week IP), or control treatment (vehicle/control antibody) for 8

weeks.

MicroCT of femurs of control Crtap”™ mice confirmed reduced bone mass as measured by trabecular
bone volume/total volume (BV/TV; 38% of WT control; p<0.05) and cortical thickness (Cort.Th; 90% of
WT; p<0.05). PTH treatment increased trabecular and cortical bone mass in WT mice, but was not
effective in Crtap” mice, consistent with the findings of the clinical PTH treatment trial in patients with
more severe forms of Ol. Low-dose TGFb inhibition in Crtap” mice only moderately increased BV/TV
(to 57% of WT; n.s.) and did not improve Cort.Th. Interestingly, combined PTH/anti-TGFb treatment of
Crtap” mice synergistically restored BV/TV and Cort.Th to 95% and 98% of control WT mice,
respectively (p<0.05 for both).

These findings suggest that low-dose TGFb inhibition restores responsiveness to PTH treatment in the
Crtap” model of severe recessive Ol. Because increased TGFb signaling also contributes to the bone
phenotype in dominant Ol, combined anti-TGFb and PTH treatment might be a new treatment option
for patients with OI.
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Asthma is an inflammatory condition involving the adaptive immune system. Human leukocyte
antigen (HLA) genes play a central role in inflammatory responses and in the recognition of self and
foreign antigens. This region has not been extensively studied in African Americans (AA). This analysis
included 4,317 AA participants (3,444 with and 873 without an asthma diagnosis) from the Study of
Asthma Phenotypes and Pharmacogenomic Interactions by Race-ethnicity (SAPPHIRE) cohort. Whole
genome sequence (WGS) were generated as part of the NHLBI TOPMed Program and the Asthma
Translational Genomics Collaborative (ATGC). RNA-seq data were also available for 408 asthma cases
and 405 controls. Single nucleotide variations (SNV) within extended major histocompatibility
complex (MHC) region (chr6:27~34Mb, hg38) were generated using the WGS data, and high
resolution HLA alleles were derived from both the WGS and RNA-seq data. HLA gene expression
abundance was estimated from RNA-seq data. Amino acids for each MHC protein were translated from
4-digit HLA alleles. We assessed for associations between asthma and variants defined by alleles,
SNVs, and amino acids. We performed an expression quantitative trait locus (eQTL) analysis for those
variants significantly associated with asthma. A few SNVs were found with P-value below 10
including the top one rs12215482 (OR=0.79, P=8.9 x10™). We also examined two SNVs (rs9469220
and rs9273349) previously associated with IgE levels and asthma. Only rs9273349 was nominally
associated (OR=1.13; P=0.05) with asthma in our data. But both two candidate SNVs were significant
eQTL (FDR <1.0 x10™) for HLA-DQ genes HLA-DQB1, HLA-DQA2 and HLA-DQB2. Top associations
from HLA alleles and amino acids included HLA-DQB1*05 and a histidine at DQB1 residue 30 (P
<0.001). HLA-DQB1 was also differentially expressed when comparing asthma cases and controls
(FDR <0.05). In summary, this study replicated a previously described variant rs9273349 in the HLA
region and verified that it was associated with HLA-DQ expression. We also identified an amino acid
residue associated with asthma status in HLA-DQB1, a gene found to be differentially expressed by



asthma status. These findings require additional validation in other ATGC cohorts, as well as studies
to understand the functional consequence on amino acid substitutions at position 30 in HLA-DQB1.
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Some autoimmune diseases are notable for displaying prominent signs of type | interferon (IFN)
activation. Originally, this type | IFN 'signature' was definitively characterized and confirmed in
systemic lupus erythematosis based on whole transcriptome profiling of patient blood, where
~300-400 IFN responsive genes were found to be markedly upregulated. Subsequently, this signature
was also observed in inflammatory myopathies (IM), including dermatomyositis and polymyositis
(although only minimally so in inclusion body myositis). The signature in IM is especially prominent in
skeletal muscle, which is usually (and by definition) the primary site of pathology; however, it is also
observable in blood. Importantly, there is a general correlation between the magnitude of the
signature with disease activity (although there is heterogeneity), and therapies targeting type | IFN
signaling are either in development (e.g. anti-IFN-a/B or IFNAR antibodies) or already approved (e.qg.
JAK inhibitors), which show promise as treatment in IM. Thus, the development of a clinical assay
measuring type | IFN signature could be useful for disease stratification, monitoring disease activity,
and/or as a companion diagnostic for drugs targeting type I IFN signaling.

We use the Nanostring nCounter platform as the basis for development of a pilot type I IFN signature
assay. Genes were selected by literature review from previous transcriptome studies in blood in IM; in
general, those that were the most consistently and highly expressed, especially in juvenile myositis,
were chosen. Our initial panel contains 32 type | IFN-inducible genes, along with 4 housekeeping
genes. We present results here from 19 subjects with juvenile myositis that were in remission or had
mild to moderate disease activity at time of collection along with 5 control subjects (without apparent
inflammatory or autoimmune diseases). Blood from all participants were collected in PaxGene tubes,
then extracted for RNA using the Promega Maxwell instrument. Oligos for nCounter Elements
chemistry were designed by Nanostring and synthesized by IDT.

We observed that the magnitude of the type | IFN signature tended to correlate with disease activity.
Notably, 3 subjects experiencing significant morbidity who are on multiple immunomodulatory drugs
had among the highest IFN signatures observed. Translational implications of these findings as well as
potential areas for refinement of the assay are discussed.
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Myeloid malignancy susceptibility alleles reported to date have largely been rare variants identified in
families. With few exceptions, common variant associations have been lacking, and it is likely that as-
yet undiscovered susceptibility variants are rare alleles. We analyzed whole-exome sequence from
690 individuals with myeloid malignancies to elucidate the contribution of rare (<1% population allele
frequency) protein-altering alleles to disease susceptibility. We estimate that 3-4% of patients have
rare variants in genes that would classify the patients as having germline predisposition under current
guidelines. We also identify MPO as a new candidate predisposition gene, with 19 patients (2.8%)
harboring rare pathogenic MPO variants, and significantly higher pathogenic allele frequencies in
cases as compared to population controls. An elevated rare-variant burden is observed in autosomal
recessive genes, particularly Fanconi anemia (FA) genes (P < 0.002). Even accounting for high levels
of rare variants, pairs of such variants in the same patient and FA gene (presumably affecting both
parental homologs) occur at a rate significantly higher than would be expected by chance (P < 0.002),
suggesting that biparental inheritance of rare germline alleles in FA genes is a risk factor for myeloid
malignancy. The FA gene BRCAZ is particularly enriched for biparental inheritance, and rare germline
variants in BRCAZ2 are associated with poor overall survival in myeloid malignancy patients (age-
adjusted HR 2.62, 95% Cl 1.26-5.44).
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Introduction: Hemophilia is a lifelong debilitating inherited disease that relies on factor replacement
therapy to prevent bleeding. However it is not curative and there is a negative impact on emotional
health and quality of life. Gene therapy and gene editing are potential curative therapies that might
address current unmet needs. However, we need to know the patient’s beliefs and values about these
therapies before they are implemented.

Methods: This qualitative study uses semi structured interviews about beliefs of gene therapy/editing
in patients with hemophilia A or B and their caregivers. Grounded theory was used to analyze the
data.

Results: About gene therapy, values differ among participants. Even it is a potential curative therapy,
they expect to have clearer data about efficacy, however small sample size in trials is a barrier. They
expect an improvement in the factor levels and in the duration of the effect, so there is a lower risk of
bleeding and factor infusions are needed only for trauma events or surgery. They expect that the
decrease in their risk of bleeding will have a positive impact in their mental health and in their quality
of life. Given that these therapies might be expensive, they expect that insurance companies are
willing to cover for it. The fact there is a prior history of HIV and HVC blood born infections in this
community makes them consider the “safety net”. Their concern about liver cancer relies on the DNA
change and the use of viral vectors. To accept gene therapy, they would like to know about successful
cases in the short and long term. They are less optimistic about gene editing. There is a moral
concern. They think that DNA defines them as humans and changing it during early life is “scary”.
They won't give it to their preborn child and they would prefer letting their affected child make the
decision as an adult. There is a concern about safety, because CRISPR will affect other regions of DNA
that might lead to cancer, autism, Down syndrome, developmental delay, etc. Finally, knowing that
this therapy is delivered during pregnancy, they are concerned about the high risk of miscarriage and
losing their baby.

Conclusion: Preliminary results indicate patients and caregivers would accept gene therapy if its
efficacy and long-term safety is known. Patients are mor optimistic about gene therapy than their
caregivers. Overall, they are more reluctant to accept gene editing.
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Over 200 single nucleotide polymorphisms (SNPs) have been found to be associated with food allergy
(FA) in genome-wide association studies (GWAS). A genetic risk score (GRS), can be derived from
GWAS to summarize genetic risk, risk stratification and/or prediction. Our objective was to use
information from the Canadian Peanut Allergy Registry (CanPAR) GWAS study to develop a GRS using
the weighted sum of the number of risk alleles (with values 0/1/2) by the natural log of their
respective odds ratio (OR).

The positive predictive value of the GRS was then evaluated in an independent cohort, the Canadian
Asthma Primary Prevention Study (CAPPS). The CAPPS study was initiated in 1995 and recruited 549
children at high risk for developing asthma, defined as 1 first degree (fd) relative with asthma or 2 fd
with allergic disease, mothers were recruited during the second and third trimester of pregnancy, and
the children have been followed until 15 years of age. Food allergy cases at the 15 year time point
were determined by a pediatric allergist and controls were defined by the absence of food allergy,
asthma, atopy and airway hyperresponsiveness at all time-points (12 and 24 months, 7 and 15 years
of age). The CAPPS study has contributed to several asthma GWAS studies and genotypes and
principal components (PCs) were extracted from the existing GWAS study.

Methods

Models were fit with and without PC (10 for CanPAR and 5 for CAPPS). Using a p-value threshold of
1.49E-06 and LD (r*>.80) pruning we identified 25 independent CanPAR SNPs for use in the GRS, of
these 13 SNPs were identified (either directly genotyped, imputed, or a proxy SNP in high LD >.80) in
the CAPPS study. We then evaluated the area under the curve (AUC) which is used to determine the
effectiveness of the classification and the positive predictive value (PPV).

Results
Table 1: Summary of GRS risk models

p-value
threshold

1.49E-06 CanPAR 6 19 25 0.653 (0.628-0.678) 0.59

Study Genotyped Imputed Total AUC (95% Cl) PPV



1.49E-06* CanPAR 6 19 25 0.878 (0.862-0.894) 0.83
1.49E-06 CanPAR 5 8 13 0.638 (0.613-0.664) 0.61
1.49E-06* CanPAR 5 8 13 0.878 (0.862-0.894) 0.84
1.49E-06 CAPPS 10 3 13 0.579 (0.404-0.754) 0.67

Conclusions

Only minimal differences were observed between models with 13 vs. 25 SNPs and model fit was
greatly improved when including PCs. Preliminary findings indicate excellent replication of the model
in the CAPPS study using hyper-controls. Next steps include evaluating model fit when using
asthmatic and atopic controls.
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BACKGROUND: Clonal hematopoiesis (CH) is an age-related condition that is characterized by somatic
mutations in the blood cells of otherwise healthy individuals. In non-cancer populations, CH is
associated with a higher risk of aging-related diseases such as acute myeloid leukemia (AML) and
cardiovascular disease (CVD) and may be a biomarker of biologic aging. Patients who undergo
hematopoietic cell transplantation (HCT) are at high risk of premature onset of aging-related
conditions (subsequent neoplasms [SN], CVD) after HCT. There is a paucity of information on the
impact of pre-treatment CH on aging-related conditions after HCT, including non-relapse related
mortality.

METHODS: We used a case-control study design, and identified 10 patients who died due to non-
relapse mortality (NRM; e.g., SN, CVD, organ failure) after autologous HCT at City of Hope (cases).
Cases were matched (1:3) to controls (underwent HCT, alive or died of relapse-related mortality,
N=29) on age at HCT x2years, sex, diagnosis, and length of follow-up after HCT. We evaluated
mobilized hematopoietic stem cell DNA, collected prior to HCT, using a custom 79-gene-myeloid-CH-
coding-exon-amplicon-based QIAseq panel. Pathogenic and likely pathogenic CH variants (PV) above
an allele fraction of 2% were used for analyses.

RESULTS: Patient median age at HCT was 64 years (range: 38 to 71 years), 79.5% were male, 61.6%
underwent HCT for non-Hodgkin lymphoma, 17.9% for Hodgkin lymphoma, 20.5% for multiple
myeloma. Among cases, causes of death were: SN (60%), CVD (10%), respiratory failure (10%), and
other (20%). Due to matching, there were no differences in age, sex, or diagnosis among cases and
controls. Cases were significantly more likely to have CH compared to controls (70% vs. 24.1%,
p=0.009). Cases were also significantly more likely to have multiple (=2) unique PVs (e.g. DNMT3 and
TETZ2) compared to controls (60% vs. 6.9%, p<0.001) and significantly more likely to have PVs with
high (=10%) allelic fraction (40% vs. 3.4%, p=0.003).

CONCLUSION: Our study provides preliminary evidence of an association between pre-HCT CH and
adverse outcomes after HCT, irrespective of chronologic age. Integration of CH analyses into existing
pre-HCT risk-prediction models may improve the accuracy of these models, setting the stage for the
development of personalized risk assessment strategies and targeted treatments that optimally
prevent or manage complications associated with HCT.
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Background: Low-dose methotrexate (MTX) is the anchor drug for the treatment of rheumatoid
arthritis (RA), either in monotherapy or in combination with other drugs. MTX has proven effects on
both inflammatory symptoms and signs of radiographic destruction, and early initiation improves
treatment outcome. However, adverse effects on for example the liver may lead to discontinuation of
MTX therapy. It would be advantageous to be able to identify patients that risk elevation of liver
enzymes in order to modify treatment.

Objective: To investigate whether genetic variants of the candidate genes MTHFR, TYMS, SLCO1B1
and PNPLA3 are associated with elevation of the liver enzyme alanine aminotransferase (ALT).

Method: RA patients starting MTX treatment at the Rheumatology clinic, Uppsala University Hospital,
Sweden in 2005-2013 were included. Clinical and laboratory data from the onset of RA until MTX was
stopped or to the end of the study period were attained from medical records and telephone
interviews. A blood sample was obtained, and genotyping was performed with PCR-based methods.
Linear regression was used for statistical analysis of the continuous variable log transformed
maximum ALT. Logistic regression was used for statistical analysis of the binary variable elevation of
ALT to at least 1.5 times the upper limit of normal (ULN).

Results: The study comprised 207 patients with RA: 138 females (67 %) and 69 males (33%).
Elevation of ALT to = 1.5 x ULN was observed in 20% of the patients. MTHFR 677T was significantly
associated with a 9.8% decrease in maximum ALT per minor allele of the variant (beta -0.0970, 95%
Cl-0.179, -0.0165, p = 0.0193). No genetic variant of MTHFR, TYMS, SLCO1B1 or PNPLA3 was
significantly associated when patients with ALT = 1.5 x ULN vs. < 1.5 x ULN were compared.

Conclusion: The effect of MTX is largely explained by its interactions with enzymes in the folate
pathway. MTHFR is one of the key enzymes in the folate pathway. It is therefore of interest to study
inherited variants of MTHFR in relation to MTX-induced toxicity. According to our results, the MTHFR
677T allele appears to protect against an elevation of ALT in patients with RA. We aim to verify our
findings in a larger study, and to use clinical and genetic factors to develop a prediction model for
elevation of ALT during MTX treatment. A robust prediction model could be a useful tool, and would be
a step towards precision medicine in the field of rheumatology.
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Mutations in MECP2 and FOXG1 genes respectively cause the classic form and the congenital variant
of Rett syndrome, one of the most common genetic causes of intellectual disability in girls. Both
genes are transcriptional regulators and both under- and over-expression cause disease in humans.
We thus reasoned that adding a gene under a not native regulator would be a risky therapeutic
strategy while gene editing would be much more effective. We present here the successful application
of CRISPR/Cas9 gene editing technology in patient-specific human cellular models, namely fibroblasts,
induced Pluripotent Stem Cells (iPSCs) and iPSC-derived neurons. We have engineered a two-plasmid
system to correct FOXG1 (¢c.688C>T-p.Arg230Cys) and MECP2 (c.473C>T-p.Thr158Met) mutations.
Mutation-specific sgRNAs and donor DNAs have been selected and cloned together with an
mCherry/GFP reporter system. Cas9 flanked by sgRNA recognition sequences for auto-cleaving has
been cloned in a second plasmid. The system has been designed to be ready for in vivo delivery via
Adeno-Associated Viral (AAV) vectors. We

demonstrated that different serotypes have different efficiency in different target cells, the best being
either AAV9 in fibroblasts and iPSC-derived neurons or AAV2 in iPSCs. mCherry + /EGFP + fibroblasts
and neurons isolated by Fluorescent Activated Cell Sorting and analyzed by Next Generation
Sequencing have shown efficient gene editing via Homology-Directed Repair for both genes, with up
to 80% of mutated alleles correctly reverted to the wild type sequence, outlining the relevant
potentiality of the approach for Rett syndrome therapy.
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Haploinsufficiency is the primary mechanism for several genetic conditions like Smith-Magenis
syndrome (SMS) and MBD5-associated neurodevelopmental disorder. In SMS, the condition is caused
by either heterozygous deletion or mutation of the dosage-sensitive gene RAI1, proven to be the main
cause of the disease. Some features of this condition include intellectual disability, early onset
obesity, sleep disorders, self-injurious behaviors, and craniofacial anomalies. Currently, there is not an
effective treatment for SMS or any other disorder of haploinsufficiency, and patients receive only
supportive therapy. Our targeted therapeutic strategies are based in restoring the function of RAI1 by
either providing the missing copy of the gene or increasing the expression of the remaining functional
allele. In the first approach, SMS patient fibroblasts were transduced in a controlled manner with
lentiviral vectors containing the sequence of RAI1. Our results revealed that the protein RAI1 is
properly localized in the nucleus, and the expression can be increased proportionally by controlling
the multiplicity of infection (MOI) to restore normal levels of RAI1. The second approach is based on a
novel methodology using a deactivated version of the protein Cas9 fused with the viral activator VP64
(CRISPR-dCas9-VP64). NIH3T3 fibroblasts were transduced with several constructs containing different
guide (g)RNAs targeting the murine Rail promoter region. Our results reveal that specific constructs
are able to increase Rail expression, which subsequently increases the expression of the RAI1-
regulated downstream gene Bdnf, which is typically reduced in expression in SMS. Finally, we
developed patient-derived induced-pluripotent stem cells (iPSC) using episomal plasmids and
generated neural progenitor cells (NPC) derived from these iPSC using the monolayer protocol.
Immunostaining revealed that the pluripotency marker OCT4 is present in iPSC but neural
differentiation marker PAX6 is absent, and upon neural induction, OCT4 is not expressed, while PAX6
is present. The combination of our targeted therapeutic strategies with the developed iPSC-NPC
models will provide valuables tools with potential applications in the development of therapies for
gene haploinsufficiency-based disorders.
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Background: Familial hypercholesterolemia (FH) is a heritable disorder characterized by elevated
low-density lipoprotein (LDL) cholesterol levels and premature cardiovascular disease. Increasingly,
patients with a clinical suspicion of FH are being offered genetic testing as part of diagnosis. However,
determining pathogenicity of identified DNA variants remains a major challenge; this process may be
rudimentary and often differs among laboratories. To improve accuracy, concordance and
standardization, there has been increasing effort to implement the recent variant interpretation
guidelines proposed by the American College of Medical Genetics and Genomics and Association for
Molecular Pathology (ACMG/AMP).

Objectives: To further improve standardized variant interpretation, the Clinical Genome Resource
(ClinGen) FH Variant Curation Expert Panel (VCEP) has been tasked with optimizing the ACMG/AMP
guidelines to become disease-specific for FH.

Methods: Following review of ACMG/AMP criteria, the FH VCEP met through frequent emails and
conference calls to propose modifications. After multiple preliminary iterations, pilot testing to identify
areas for additional refinement, debate and further commentary, consensus was reached.

Results: Here, we propose a consensus set of FH-ACMG/AMP guidelines, which focus first on the LDL
receptor gene (LDLR), and include: 1) functional study criteria specifications and split-weighting for
three ‘levels’ of relevant assays; 2) alteration of control population data frequency thresholds; 3)
specific use and thresholds for in silico prediction tools; 4) additional specifications for copy number
variants; and 5) co-segregation criteria specifications and split-weighting for large versus small
families. Following ClinGen approval, these guidelines will be tested in a finalized pilot study of 50
variants to demonstrate improved variant classification compared to the original ACMG/AMP criteria.
Conclusions: Establishment of these specified guidelines will help to achieve a more evidence-based,
standardized method for the classification of variants detected in FH patients worldwide. Ultimately,
all ~3000 FH-associated variants currently deposited in the ClinVar database will be re-classified



using the FH-ACMG/AMP criteria, while promoting these guidelines as the new “gold standard” for
variant classification among the FH community will ensure novel variants identified in real-time are
subject to an appropriate standard of evaluation.
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Large sequencing datasets, including whole exomes and genomes, are an important resource to
assess allelic frequency of rare variation and improve pathogenicity interpretation in molecular
diagnosis pipelines. Several studies have demonstrated that unaffected individuals may harbor
potentially deleterious variants in clinically relevant genes. To further assess the incidence of putative
loss of function previously assigned as pathogenic or likely pathogenic variants, a census-based
cohort of 1172 unrelated Brazilian individuals aged 60 or over was analyzed in search for variants in
genes related to childhood disorders with Mendelian inheritance. We have filtered 924 genes
associated to monogenic pediatric disorders in a whole genome sequencing dataset. Initial filtering
yielded over 4 thousand putative loss of function variants in 805 genes with at least a singleton
passing depth and allele balancequality criteria. Removal of putative frameshifts caused by
insertions/deletions and further filtering by an allelic frequency cutoff of 1% in both cohort and
gnomAD, pathogenic assertions on ClinVar and monoallelic mode of inheritance provided a high
confidence list of 32 single nucleotide substitutions in 21 genes with splicing, stop gain and stop loss
predicted consequences. Forty individuals carry these variants (3.4% of the cohort) with individual
frequency ranging from absent to 0.14% on gnomAD. No individual was found to be homozygous
following the above-mentioned criteria of variant filtering. These results are compatible with other
studies, but it is noteworthy that an elderly cohort may be biased towards health fitness and overall
survival. Besides potential overestimation of pathogenicity classifications, true effects of these
variants might be modulated by complex gene-gene interactions resulting in reduced penetrance. In
fact, half of the carriers are highly admixed with less than 70% of any single ancestry. Further
investigation on biallelic disorders and occurrence of compound heterozygosity is currently ongoing.
Genomic datasets of individuals without prior health complaints are becoming common both within
academic and private endeavors. Pathogenicity classification of incidental findings is challenging,
therefore describing the incidence of potentially damaging variants in population-based datasets is
essential. Furthermore, healthy elderly cohorts can play a role as a tool for filtering candidate variants
as causes to Mendelian disorders.
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Motivation: Prediction of lifespan using genetic variants discovered by genome-wide association
studies is challenging due to low power: a recent study of >1 million parental lifespans only revealed
12 genome-wide significant loci. However, many of the age-related diseases and risk factors
underlying mortality each have genetic components that have been studied using large sample sizes,
with many more loci identified. Carrying such variants has been shown to influence lifespan and we
hypothesise that using this information can improve lifespan predictions.

Method: Here, we generate and test polygenic risk scores using published summary statistics for 1
million parental lifespans from UK Biobank and other European cohorts. We then assess to what
extent such predictions can be improved by incorporating LD information, functional annotations, and
genetic data on 16 independent diseases and disease risk factors using a Bayesian framework (bPRS).

Results: One standard deviation increase in bPRS (out-of-sample) associates with an increase of 1.82
(95% ClI 1.63-2.01) years of life, improving upon conventional polygenic scores by more than 30%.
When stratified into bPRS percentiles, parents in the top percentile live 15 years longer on average
than those in the bottom percentile. The same individuals show a 30-80% decrease in the incidence
of multiple age-related diseases and are 6 times as likely to survive past 90 years of age. We replicate
these findings in the Estonian Biobank (N = 150,000), where mortality data are available for parents
as well as subjects themselves.

Conclusions: Together, our findings suggest bPRS is able to make greater distinctions in long-term
health and survival than conventional polygenic scores by borrowing strength from the genetic
associations of multiple traits.
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Importance: Screening programs often include large proportions of individuals at low risk of disease
outcomes; polygenic risk scores of heritable risk factors could improve screening efficiency by
targeting assessments to individuals at higher genetic risk. If successful, such evidence could help
establish a clinical role for polygenic risk scores.

Objective: To test whether a polygenic risk score for heel ultrasound speed of sound (SOS) - a



heritable risk factor for fractures that is correlated with bone mineral density (BMD) - can effectively
target a fracture screening program to higher risk individuals.

Design, Setting, Participants: 341,449 individuals from the UK Biobank were used to develop 600
polygenic risk score models for SOS with LASSO regression, with the optimal prediction model
determined in a separate set of 5,335 individuals. The utility of this model in fracture risk screening
was assessed on a subset of 5 validation cohorts (N=10,522) according to National Osteoporosis
Guideline Group (NOGG) guidelines.

Main Outcomes and Measures: Performance metrics were the sensitivity and specificity to
correctly identify individuals requiring treatment, with BMD-based FRAX probabilities as the reference-
standard. Secondary outcomes included the proportion of the screened population requiring a clinical
risk factor-based FRAX test (without BMD) and the proportion of individuals requiring a BMD-based
FRAX test.

Results: Polygenic risk scores for SOS correlated with measured SOS (R*=23.2% in a testing set of
84,768 individuals). Without genetic pre-screening, guideline recommendations resulted in a high
sensitivity and specificity for correct treatment assignment (99.6% and 97.1%, respectively) in the
validation cohorts. However, 81% of the population required clinical risk factor-based FRAX
assessments and 37% required BMD-based FRAX assessments. Limiting further assessment to
individuals with a low polygenic risk score for SOS resulted in small changes to sensitivity and
specificity (93.4% and 98.5%, respectively), while substantially reducing the proportions requiring
clinical risk factor-based assessments and BMD-based FRAX assessments by 37% and 41%,
respectively.

Conclusions and Relevance: The use of a polygenic risk score in fracture risk screening
substantially decreases the number of individuals requiring detailed assessments, including BMD
measurement, while maintaining a high sensitivity and specificity for correct treatment assignment.
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Niemann-Pick C (NPC) is an autosomal recessive disease due to defective NPC1 or NPC2 proteins
resulting in endo-lysosomal storage of unesterified cholesterol and lipids in both the central nervous
system and the liver. Acute liver disease is often observed in the newborn period and may be self-
limited or can be fatal. 2-hydroxypropyl-B-cyclodextrin (2HPBCD) is a cholesterol-binding agent that
reduces intracellular cholesterol accumulation in NPC, possibly by enhancing MCOLN-1 dependent
secretion from the endo-lysosomal system. We are presently enrolling up to 15 infants < 6 months
with direct hyperbilirubinemia due to NPC1 or NPC2 disease in clinical trial NCT03471143 , to
determine whether intravenous 2HPBCD improves liver disease in NPC infants. Infants receive IV
2HPBCD twice a week for 6 weeks for a total of 12 doses, followed by monthly infusion during a 6-
month extension study. Two patients have been enrolled in the study. The first patient is a 4 month
old boy with NPC1 who presented with a direct bilirubin of 0.6 mg/dL, AST of 167 units/L, ALT of 94
units/L, and 5-a-cholanic acid-3B, 5a, 6B-triol N-(carboxymethyl)-amide (“bile acid B”) of 57.2ng/mL.
Direct bilirubin improved to 0.1 mg/dL two weeks after his first infusion and remained within normal
limits after the 6 week infusion. AST and ALT remained elevated after 1 month at 114 units/L and 80
units/L, respectively. Bile acid B decreased to 10.5ng/mL. The second patient is a 2 month old boy
who presented with a direct bilirubin of 5.7mg/dL, AST of 277 units/L, ALT of 124 units/L, and
underwent his first infusion. The restoration of bile acid to within normal limits for Patient 1 suggests
the drug is decreasing cholesterol storage. Additional follow-up as the patients undergo further
infusions is planned.
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Mitochondrial disorders could be the result of nuclear or mitochondrial DNA mutations and often affect
multiple organ systems. Despite research advances in the molecular and cellular fields, the methods
available for treating mitochondrial diseases are minimal. Advancements in gene therapy, however,
may offer us a new opportunity to address this group of severe disorders. Mutations in the
mitochondrial fusion-fission related gene SLC25A46 cause peripheral neuropathy and optic atrophy in
humans. Previously, we created a knockout mouse model that recapitulates the clinical phenotypes
observed in humans. Here, we have treated S/c25a46 mutant mice with AAV-PHP.B vector carrying
the mouse Sic25a46 gene via facial vein injection. Our results show that this AAV-PHP.B-SIc25a46
vector is efficaciously transduced in the target organs as verified with a vector expressing eGFP.
Consequently, we treated mutant mice with AAV-PHP.B-Sic25a46 and found that treated animals have
a significantly longer lifespan, improved weight gain, a reversal of central and peripheral neuropathy,
and a restored mitochondrial function. Most notably, mitochondrial morphology was normalized.
Overall, this study shows that gene therapy could be a practical approach to treating mitochondrial
disorders caused by mutations in nuclear genes and that AAV-PHP.B is an excellent vector for
delivering target genes to the central nervous system.
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Cross-correction is the transfer of soluble lysosomal enzymes between neighboring cells, and its
occurrence limits our ability to discriminate between cell-autonomous and non-cell autonomous
effects of enzymatic activity. The lack of understanding of the cell types primarily involved in disease
complicates our ability to study its pathogenesis and hinders the discovery of potential therapies.
Sanfilippo B (MPS I1IB) is a lysosomal disease caused by deficient N-alpha acetylglucosaminidase
(NAGLU) enzyme, characterized by progressive neurological deterioration in childhood. We aimed to
study and differentiate cell-autonomous and non-cell-autonomous effects of NAGLU deficiency by
generating a transmembrane form of NAGLU. In doing this, we aimed to create a NAGLU that would
remain located within the lysosome, remaining enzymatically active while bound to the lysosomal
membrane, in order to prevent cross correction. We generated an expression construct consisting of
the cDNA encoding human NAGLU, a 6-glycine linker, and a C-terminal murine lysosome-associated
membrane protein-1 (Lamp-1). We cloned this construct into a modified pmrROSA vector. We plan to
clone this construct further into a lentiviral vector to transfer NAGLU-Lamp1l into MPS IlIB human
fibroblasts. We plan to assess intracellular and extracellular NAGLU enzymatic activity to determine
whether our transmembrane construct can express active protein that is retained in the lysosome. We
subsequently plan to generate transgenic mice, employing the Cre-lox system to target specific cell
lineages. The results and conclusion of this experiment will help us differentiate between cell-
autonomous and non-cell-autonomous effects of NAGLU deficiency, with implications for future
therapy targets.
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Argininosuccinic aciduria (ASA) is a urea cycle disorder (UCD) caused by deficiency of
argininosuccinate lyase (ASL). Clinical manifestations of ASA occur as a consequence of impaired
ureagenesis and nitric oxide depletion. We recently found that enhancement of hepatic autophagy
potentiates ureagenesis and increases in vivo ammonia detoxification. In the present study, we
investigated the efficacy of autophagy enhancement for therapy of ASA.

ASL-deficient mice were intraperitoneally (i.p.) injected with Tat-Beclin-1 (TB-1), a cell penetrating
autophagy inducing peptide. Following treatment, survival and growth were evaluated along with
markers of autophagy activation in tissue homogenates by Western blot. Ureagenesis was measured
by stable isotope in ASL-deficient mice receiving i.p. injection of *N-labeled NH,CI. Whole-liver
metabolome analysis was performed by "H-NMR.

Compared to vehicle-controls, survival was significantly increased in ASL-deficient mice treated with
TB-1. Autophagic flux was enhanced in livers but not in brains of mice injected with TB-1 as shown by
reduced LC3-Il and p62 protein levels, and increased fragment p10 of BHMT. Consistent with our
previous studies, autophagy activation was associated with increased incorporation of N into urea,
indicating enhanced ureagenesis. Liver metabolome profiling by *H-NMR showed that autophagy
activation partially rescued metabolite imbalance of ASA. Notably, argininosuccinate and citrulline
which are the biochemical hallmarks of ASA, were reduced in TB-1-treated mice and levels of key
compounds such as, fumarate, succinate, and glucose were rescued by enhanced autophagy.

In conclusion, our data show that activation of hepatic autophagy improves survival and ureagenesis
and corrects the metabolic defects of ASL deficiency. These data confirm a key role of autophagy in
nitrogen homeostasis and the efficacy of autophagy enhancer molecules for therapy of UCD.
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Methylmalonic (MMA) and propionic acidemia (PA) are inborn errors of metabolism affecting adjacent
steps in the propionyl-CoA oxidation pathway and sharing clinical and biochemical manifestations.
Liver and/or kidney transplantation (LT/KT/LKT) are employed to stabilize severely affected patients,
while efforts to develop genomic therapies for both disorders are underway. Disease-specific
metabolites, such as serum methylmalonic and 2-methyicitric acid are highly variable and affected by
dietary protein intake and renal function. With the aim of developing additional biomarkers that
correlate with hepatic enzyme activity and disease burden, we have previously used a transgenic
murine model of MMA (Mut”;Tg™*"*") to demonstrate that in-vivo 1-°C-propionate oxidation and
plasma fibroblast growth factor-21 (FGF21) concentrations improve significantly in response to AAV8
hAAT MUT gene therapy. We evaluated 75 patients with MMA and 31 with PA at the NIH Clinical
Center, including 20 transplanted MMA (LT/LKT, N=16 and KT, N=4) and 3 PA patients (LT, N=3).
Isotopomer enrichment (*CO,/**CO, ratio) and cumulative percent of dose metabolized were
measured using isotope ratio mass spectrometry in breath samples collected over two hours after an
oral bolus of sodium 1-*C-propionate. Baseline VCO, production (ml/min) was measured by indirect
calorimetry. The cumulative percent dose of 1-13C-propionate oxidized was 47.2 + 7.0% (mean % SD)
in LT/LKT recipients compared to 26.9 = 12.7 in non-transplanted MMA patients (p=0.008) and 67.6 +
2.9% as opposed to 15.9 + 13.3 (p<0.0001) in the PA cohort. Restored oxidative capacity post-LT/LKT
was not different from healthy controls 46.81 = 2.96% (N=16). Patients with KT (N=4) on the other
hand had minimal improvement in 1-*C-propionate oxidation. Repeatability of the 1-**C-propionate
breath test was tested in 6 controls and 13 MMA patients showing a coefficient of variation (CV) of
5.93 + 3.84% and 12.87+12.53%, respectively. Serum MMA values in the same patients had a higher
CV of 28.36 = 24.90%. Circulating FGF21 concentrations were lower in LT/LKT patients 771.7 + 822.1
vs. 6383.6 + 8268.5 pg/ml in MMA (p<0.0001) and 201.1 + 240.9 vs. 2316.8 = 2912.9 (p=0.002) in
PA LT recipients. 1-"°C propionate oxidation and plasma FGF21 concentrations should be studied in
concert with canonical metabolites to examine therapeutic effects of experimental liver-targeted
genomic therapies for disorders of propionate oxidation.
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Introduction. Mitochondrial fatty acid B-oxidation (FAO) disorders are life threatening, even with
optimum treatment. FAO is the major source of energy for heart and is critical for skeletal muscle
especially during physiologic stress. Symptoms of FAO disorders (FAODs) include cardiac conduction
abnormalities, arrhythmias, cardiomyopathy, muscle weakness, hypoketotic hypoglycemia, and/or
stress-related rhabdomyolysis. MCT oil bypasses long chain FAO but patients are still at risk for
rhabdomyolysis and late onset cardiomyopathy. Triheptanoin (triheptanoylglycerol) in clinical trials
improves cardiomyopathy and hypoglycemia of long chain FAODs but rhabdomyolysis persists, and
more effective therapy to prevent the heterogeneous symptoms of these disorders is needed.
Methods. Fibroblasts from patients deficient in CPT Il, very long chain acyl-CoA dehydrogenase
(VLCAD), long chain 3-hydroxyacyl-CoA dehydrogenase (LCHAD), trifunctional protein (TFP), and
medium chain acyl-CoA dehydrogenase (MCAD) were cultured with lipid stripped FBS. Cells were
treated with heptanoic (C7), 2,6-dimethylheptanoic (dMC7), ENGO5 (a designer lipid), or 4,8-
dimethylnonanoic (dMC9) acids for 72 hr. Acetyl-, propionyl-, and succinylcarnitine were measured in
media and TCA cycle intermediates were measured in cells.

Results. Media acetylcarnitine nearly doubled in VLCAD and TFP deficient cells when treated with
dMC7, dMC9, or ENGO5 compared to C7, while increasing in LCHAD, CPT II, and MCAD deficient cells
treated with dMC9 by 10%, 25%, and 22%, respectively. With the exception of one VLCAD cell line,
media propionylcarnitine was higher in C7 treatment compared to others. Media succinylcarnitine
increased with dMC9 compared to C7 in all deficient cell except TFP. Intracellular succinate was
higher with ENGO5 treatment in two VLCAD (226% and 260%) and CPT Il (161%) deficient cell lines
compared to C7. Intracellular malate was higher with ENGO5 in two VLCAD (22% and 90%), LCHAD
(38%), TFP (210%), and CPT Il (35%) deficient cells compared to C7.

Discussion. Persistence of rhabdomyolysis in patients treated with C7 suggests inadequate access to
muscle tissue. We have shown that alternative fatty acids improve the cellular profile in fibroblasts of
four key metabolites compared to C7 treatment. These findings suggest more efficient cellular
utilization of the alternative fatty acids tested and potential advantage over C7. Muscle distribution in
animal models remains to be demonstrated.
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Cantu syndrome (CS), first described in 1982, is caused by pathogenic variants in ABCC9 and KCNJ8,
which encode pore forming and regulatory subunits of ATP-sensitive potassium (K,;;) channels,
respectively. Multiple case reports of individual patients have described the various clinical features of
CS, but systematic studies have been lacking. To define the effects of genetic variants on CS
phenotypes and clinical outcomes, we have developed a standardized REDCap-based registry for CS
patients. We report phenotypic and associated genotypes on 75 CS patients, with confirmed ABCC9
variants in 72 of the cases. Hypertrichosis and a characteristic facial appearance are present in all
cases. Polyhydramnios during fetal life, lymphedema, patent ductus arteriosus (PDA), cardiomegaly,
dilated aortic root, vascular tortuosity of thoracic and cerebral arteries and migraine headaches are
common features, although even with this large group of patients, there is incomplete penetrance of
CS-associated features, without clear correlation to genotype.

Many patients report taking cardiac medications currently, or having taken them in the past. These
include ACE inhibitors, such as quinapril and enalapril, and beta-blockers, such as atenolol and
bisoprolol, as well as previous treatment for pulmonary hypertension with sildenafil. Most patients
with edema report current or previous medication treatment with diuretics, including furosemide,
spironolactone and amiloride. There is currently no targeted therapy for CS, and it is unclear whether
the above therapies are in all cases appropriate. However, we find that CS-associated cardiomegaly in
mice carrying CS mutations knocked-in to the endogenous ABCC9 locus is reversed by the
sulfonylurea glibenclamide. Sulfonylureas directly inhibit overactive K, channels, and thus may be a
viable option for directed therapy. Hence, we intend to perform a clinical trial to test glibenclamide in
CS patients.



n= A+

PgmNr 416: Clinical genetic results aided by a patient-
provider app intended for diverse populations.

Authors:

J. Chang *; M. Penon-Portmann **; M. Kvale *; . Van Ziffle **; S. Rego *; T. Yip *; H. Hoban *; P. Martin *;
P. Devine **; A. Tam *%; U. Hodoglugil *; F. Chen *; N. Sahin-Hodoglugil *; A. Rajkovic *; A. Slavotinek *?;
M. Norton *; B. Koenig *; N. Risch **; P.Y. Kwok **; J.T. Shieh *?

IView Session| |Add to Schedule]

Affiliations:

1) Institute for Human Genetics, University of California San Francisco, San Francisco, CA; 2) Division
of Medical Genetics, Pediatrics, Benioff Children’s Hospital, University of California San Francisco, San
Francisco, CA; 3) Department of Pathology, University of California San Francisco, San Francisco, CA;
4) Department of Epidemiology and Biostatistics, University of California San Francisco, San Francisco,
CA; 5) Department of Dermatology, University of California San Francisco, San Francisco, CA

Genomic data can optimally advance health if results are accessible and understood by patients and
providers. Too often, even in advanced health care systems, genetic test results exist in complex
formats that make comprehension difficult for end-users. The complexity particularly impacts
individuals tested by new technologies, as genes and conditions are often rare and unfamiliar. In the
UCSF P3EGS study, part of the CSER2 Consortium, we have developed a user-friendly patient-provider
application that integrates genomic and other medical data into a mobile platform that supports
result communication and point-of-care access in the clinic. Here we demonstrate findings from this
new app that we have implemented for the return of medical genetic results. First, we defined
foundational elements for return of results that can be facilitated by an app. Second, we piloted the
app in clinic with patients and providers, comparing paper to electronic modalities in individuals
receiving results for undiagnosed conditions. Third, we performed patient surveys, with 39 returned
results to date for analysis. We show the following: 1) The genetic testing results, specifically the
diagnostic conclusions, were concordant in recipients and providers in 90% of responses. 2)
Recipients preferred app-based information over paper, although there were exceptions, and 3) The
findings were consistent among individuals of diverse socio-economic and educational backgrounds.
These data suggest that patient-provider apps may play a novel role in facilitating results
communication. As more people in the population are sequenced, further implementation and
expansion of similar technologies may be needed. Further collaborative efforts will encourage cross-
institutional technology development, data sharing and harmonization of outcome measures.
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The Undiagnosed Diseases Network (UDN) is an NIH funded study, implemented to bring together
clinical and research experts from across the country. The UDN consists of 12 clinical sites across the
country. At Vanderbilt, we employ a variety of methods to find the underlying causes of a patients
phenotypes. This includes on-site visits by medical staff to examine the patient and verify reported
phenotypes. When a patient’s disease is thought to have a genetic cause, whole-genome or whole-
exome sequencing is performed in the patient and any available family members. Variants are then
examined for frequency, pathogenicity, and relevance to the patient’s disease to create a list of
candidate mutations that may contribute to the patient’s disease.

In order to gain further insight into the disease etiology of several of our unsolved cases. We
performed RNA-seq on blood samples from 39 individuals whose disease etiology could not be
determined. This allowed us to compare expression levels of each gene in these patients to
individuals within a healthy population. We compared our patient gene expression data to that of the
Gene-Tissue Expression Consortium (GTEx). Genes which appeared as outliers in the distribution of
expression within the GTEx whole blood samples, became candidate genes for further study in that
patient, and any known diseases associated with these genes were examined.

We also compared predicted expression, using the PrediXcan method, of each gene in our patients to
predicted expression within GTEx, BioVU (electronic health records at Vanderbilt linked to DNA) and to
the observed expression within that patient to look for outliers in predicted expression. Since, the
elastic net models that the Predixcan models utilize usually favor common SNPs, deviation of the
observed expression from the predicted expression may indicate that a previously uncharacterized
rare SNP or variant is within this gene or its regulatory components. Furthermore, genes whose
expression falls outside the distribution of predicted expression in GTEx or BioVU may indicate a large
genetic burden of common variants attributable to a given gene. We outline several cases in which
this approach has shown promising results, leading to better patient care, and providing answers for
the families involved.
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Whole exome sequencing (WES) is becoming increasingly important in enabling tailored interventions
in 'personalized' or 'precision’ medicine. Recent studies suggest that in patients with suspected
genetic disorders, WES should be applied as a first-tier molecular test, in parallel with standard
diagnostic care, to improve the cost-effectiveness of the diagnostic process. However, limitations of
the current analytical methods, genetic and phenotypic heterogeneity, knowledge gaps in the gene-
disease association, and interpretation/reporting differences often hinder the identification of disease-
causing variants. Ultimately, only 25-30% of families receive a diagnosis after WES, leaving the
genetic basis of the remaining families’ diseases unknown. We have shown recently that periodic
reanalysis of negative WES data using improved bioinformatic tools and up-to-date, gene-disease
databases can identify additional candidate variants, potentially increasing the diagnostic yield to
45-55%. Despite the use of these approaches, many cases remain negative after reanalysis. Thus,
there is a need to develop a comprehensive strategy for reanalysing negative WES that will further
improve the diagnostic yield. In addition, a lack of standardization of this process leads to high
variability in diagnostic yield, as well as lack of optimum care for patients who do not receive a
diagnosis. In order to improve diagnostic outcomes for these patients, we have introduced several
complementary methods to our pipeline including copy number variation (CNV) analysis, UK Biobank
data and a small neural network-training algorithm for the optimization of the analysis process. The
incorporation of 50,000 samples with phenotypic information and whole exome/genome data from the
UK Biobank with proper statistical models will certainly improve the diagnostic yield. Here we report
our cumulative experience from reanalysis of a WES cohort enrolled in The Manton Center using a
custom-built, comprehensive variant detection and analysis pipeline in conjunction with updated
phenotypic information, literature, statistical models and databases in collaboration with an
interdisciplinary team. These advances allowed us to reach a confirmed or potential diagnosis for up
to a third of previously negative CES cases, demonstrating a meaningful improvement in clinical
diagnostic yield.
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Shriners Hospitals for Children is a one-of-a-kind international health care system of 22 facilities
dedicated to improving the lives of children by providing specialty pediatric care, innovative research
and training programs. Children with orthopedic conditions, burns, spinal cord injuries and cleft lip
and palate are eligible for care regardless of their ability to pay.

To expand our capabilities and develop the best tools for our patients, SHCGI has recently initiated a
genomic study involving 5,000 patients and their biologic parents (15,000 subjects in total). After
informed consent is obtained, their genomes will be characterized by Massively Parallel Sequencing.
Diseases such as cerebral palsy, osteogenesis imperfecta, idiopathic scoliosis, metabolic bone
diseases, and spina bifida are among the disorders to be investigated. Identified variants will be
associated with the family history and clinical information to help fully characterize each condition
and its transmission pattern. Functional validation of the identified variants and involved pathways
will follow this initial discovery phase.

So far, little is known about many of these disorders, although a strong genetic component is
suspected. Our network of hospitals will participate in this unique project, and the resulting outcomes
should allow us to achieve better support and targeted care for our patients as better diagnostic and
therapeutic tools emerge.
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Background: Activating PIK3CA mutations in overgrowth syndromes provide a rationale for targeted
PI3K inhibition as a drug therapy approach in PROS patients. Taselisib, a selective class | PI3K-inhibitor
developed for breast cancer therapy, has been shown to suppress aberrant Pi3K hyperactivation in
non-clinical pharmacological studies.

Objective: To establish the six-month tolerance of low-dose of taselisib in PI3KCA-related overgrowth
(PROS) adult patients

Methods: The study was to enroll 30 adult patients with PROS in a phase IB/IIA multi-centre, open-
label single arm trial. Using a 3+3 dose escalation design, a first batch of six patients received 1mg of
taselisib daily before escalating at 2mg. The primary outcome was the occurrence of dose limiting
toxicities defined as grade =3 adverse reaction (AR) during the first month of treatment. The study
was to be interrupted on the occurrence of one life-threatening Suspected Unexpected Serious
Adverse Reaction (SUSAR), =2 SUSAR, or =5 serious AR. All safety assessments were reviewed by an
independent safety committee. Preliminary efficacy outcomes were assessed by measuring relative
changes before and after treatment of a) tissue volume at affected and unaffected sites clinically and
by dual energy X-ray absorptiometry, b) vascular outcomes and biologic parameters, c) quality of life.
The study was conducted in accordance with the Declaration of Helsinki.

Results: A total of 19 patients were enrolled, 17 received taselisib and 11 completed the study.
Whereas no serious AR occurred in the 1mg cohort (6 patients), the study was terminated after 11
patients were included in the 2mg cohort, due to two SUSAR (acute ileitis and a pachymeninagitis).
Five patients at 2mg had already completed the study, and taselisib was definitively withdrawn in the
remaining 6. All the patients treated experienced at least 1 AR. Three patients had a grade 3 AR (the
2 SUSAR and 1 parvovirus infection). Gastrointestinal disorders, nervous system disorders and
infections accounted for respectively 43% (43/113), 17% (19/113) and 12% (13/113) of AR.
Preliminary efficacy data suggest improvement such as pain reduction, chronic bleeding cessation or



improved quality of life.

Conclusion: The first therapeutic trial of a PI3KCA-inhibitor in PROS patients suggests that, despite
promising efficacy results, low-dose Taselisib can induce serious drug-related AR that prevent
consideration of long term use.
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Facioscapulohumeral muscular dystrophy (FSHD) is an inherited myopathy caused by sporadic
expression of the transcription factor double-homeobox 4 (DUX4) in skeletal muscle. Expression of
DUX4 in skeletal muscle results from incomplete epigenetic repression of its locus residing within the
D4Z4 macrosatellite repeat in the 4g subtelomere. Since DUX4 is a transcriptional activator, once
expressed it induces improper transcriptional changes in muscle cells, eventually leading to cell
death. Interestingly, epigenetic de-repression of the D4Z4 repeat itself is not sufficient to cause FSHD
as it needs to occur on a specific genetic background of chromosome 4q. There are two main
subtelomeric 4q allelic variants (termed 4gA and 4gB) with only de-repression of the D4Z4 repeat on
49A resulting in FSHD. This is due to polymorphisms between 4gA and 4gB immediately distal to the
last D4Z4 repeat unit, creating only on 4gA alleles an extra exon for DUX4 that contains a somatic
polyadenylation signal (sPAS) for DUX4 in muscle cells. It has been shown that even a single
nucleotide substitution in the conserved DUX4 PAS hexameric motif has a negative effect on the
cleavage and polyadenylation of the mRNA precursor leading to gene downregulation.

Here, we wanted to explore if mutating endogenous DUX4 sPAS would lead to reduced transcript
production and thus attenuating its downstream harmful effects on myogenic cells. To achieve
efficient and precise mutagenesis of the DUX4 sPAS, we made use of CRISPR/Cas9-guided adenine
base editing. The adenine base editor (ABE) allows direct conversion of targeted adenine(s) into
guanine(s) and as such bypasses the need of template-dependent homologous recombination
pathway which usually represents the limiting step when introducing specific nucleotide changes at
the region of interest. Conveniently, the DUX4 sPAS is a good substrate for ABE-mediated A to G
mutagenesis as a nearby protospacer adjacent motif (PAM) site positions the last three adenines of
the DUX4 sPAS in the active editing window of ABE. The results of this study provide insight into the
role of the DUX4 sPAS in FSHD pathogenesis and the regulation of DUX4 in muscle cells.
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Casl3a, an effector of type VI CRISPR-Cas systems, is an RNA guided RNase with multiplexing and
therapeutic potential. This study employs the Leptotrichia shahii (Lsh) Cas13a and a repeat-based
CRISPR RNA (crRNA) to track and eliminate toxic RNA aggregates in myotonic dystrophy type 1 (DM1)
- a neuromuscular disease caused by CTG expansion in the DMPK gene. We demonstrate that
LshCasl13a cleaves CUG repeat RNA in biochemical assays and reduces toxic RNA load in patient-
derived myoblasts. As a result, LshCas13a reverses the characteristic adult-to-embryonic missplicing
events in several key genes that contribute to DM1 phenotype. The deactivated LshCas13a can
further be repurposed to track RNA-rich organelles within cells. Our data highlights the
reprogrammability of LshCas13a and the possibility of using Cas13a as a means to treat other
microsatellite expansion diseases.
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Objective: Understanding genetic risk for Alzheimer’s disease (AD) is crucial to optimizing early
detection and intervention. The National Institute on Aging and Alzheimer’s Association have
proposed the A/T/N AD research framework for interactions between three main biomarkers of
disease, amyloid plaques (A), phosphorylated tau tangles (T), and neurodegeneration (N), and how
they contribute to cognitive decline associated with AD. We developed a novel polygenic risk score
(PRS) based on the A/T/N framework to integrate genetic risk for AD biomarkers into the framework
(the A/T/N PRS). We then compared the predictive capabilities of this PRS score for AD risk based on a
case-control design. Methods: We used summary statistics from genome wide association studies
(GWAS) of cerebrospinal fluid (CSF) phosphorylated-tau (ptau,g,), and amyloid-B (AB,,), as well as late-
onset AD risk genes and left hippocampal volume (LHIPV) to calculate PRS scores for 1182 subjects in
the Alzheimer’s Disease Neuroimaging Initiative (ADNI). The a-cutoff was 0.01 for index single
nucleotide polymorphisms (SNPs) and the physical distance for linkage disequilibrium (LD) clumping
was 200kb. Linear regression validated performance of PRS scores for CSF biomarkers and
hippocampal volume on respective outcomes with covariates for age, sex, and years of education.
Additionally, CSF models were covaried for batch and LHIPV for magnet strength and intracranial
volume. A generalized linear model assessed AD risk PRS performance on AD diagnosis. PRS scores
were Blom transformed and averaged to calculate an A/T/N PRS. We evaluated the performance of the
A/T/N PRS and AD risk PRS scores on baseline and longitudinal cognitive composites of executive
function and memory by comparing p-values and R* values. Results: The A/T/N PRS showed superior
predictive performance on executive function decline, accounting for 1.33% of the variance (whole
model, 12.50%), compared to 0.40% variance explained by the AD risk PRS (whole model, 11.57%).
The A/T/N PRS and the AD risk PRS performed comparably for baseline executive function, baseline
and change in memory performance. Discussion: The A/T/N PRS was developed to model the
amyloidosis, tauopathy, neurodegeneration framework that drives AD progression, and outperforms a
PRS for AD risk to predict change in executive function. Integration of genetic risk across biomarkers




relevant to AD may represent a more refined strategy to model disease progression.
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Germline genetic variants of SLC35A2, which encodes a Golgi-localized UDP-galactose transporter
(UDPGalT) essential for cellular galactosylation, have been implicated in one type of congenital
disorder of glycosylation associated with intractable seizures and in rare X-linked developmental and
epileptic encephalopathy. Recently, we have identified post-zygotically-acquired, de novo, loss-of-
function SLC35A2 variants in 17% of non-lesional focal epilepsy cases, however, mechanisms of
SLC35A2 in the epileptogenic process remain elusive. This study seeks to study how pathogenic
SLC35A2 variants affect neural network activity. We have established human induced pluripotent
stem cell lines (hiPSC; 713-5, isogenic control) CRISPR-edited to harbor either a pathogenic missense
variant (c.910T>C p.Ser304Pro; SLC35A2>**"") or a frameshift indel (SLC35A2™). Immunofluorescent
(IF) staining for NANOG and SOX2 confirms the isogenic control, SLC35A2°**"and SLC35A2™ exhibit
pluripotent characteristics. However, expression of pluripotent marker TRA1-81, which recognizes a
galactose-containing keratan sulfate epitope on podocalyxin, was lost in SLC35A2°*"and SLC35A2"
compared to the isogenic control suggesting SLC35A2 variants encode loss-of-function proteins. This
was further confirmed using a MALI lectin binding assay, which detects terminal sialic acid on
glycoproteins, that showed reduced binding in SLC35A2%°*"and SLC35A2" protein lysates compared
to the isogenic control. Loss of transporter activity is likely due to loss of UDPGalT expression in
SLC35A2%**"and SLC35A2™ hiPSCs as shown by reduced IF staining and no co-localization with
GM-130 (Golgi marker) as observed in the isogenic control. To investigate how SLC35A2 variants
impact neural network activity and development, hiPSC-derived neurons were plated on multi-
electrode array. Compared to the isogenic control, SLC35A2%*"" exhibit synchronous activity at an
earlier onset compared to the isogenic control as quantified by the spike train tiling coefficient,
mutual information, and percentage of spikes in network spikes. This suggests that SLC35A2 variants
influence the development of neural network connectivity, which may be contributing to the
epileptogenic process. Further characterization of the underlying mechanisms of SLC35A2-associated
epileptogenesis across an allelic series and the exploration of the potential of galactose treatment in
this model system are underway.
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Mesial temporal lobe epilepsy (MTLE) is the most common form of focal epilepsy in adult patients. A
large proportion of patients with MTLE is refractory to treatment with antiepileptic drugs (AEDs) and
may be eligible for surgical treatment, which is effective in most patients. To date, the presence of
hippocampal sclerosis (HS) is the only factor used to predict poor response do AED in patients with
MTLE. The long delay to indicate surgery for AED-refractory MTLE can negatively impact the quality of
care offered to these patients. Recently, we proposed an algorithm to predict whether a patient with
MTLE will be refractory to AED therapy combining information from clinical variables as well as SNPs
in candidate genes. We were able to achieve an accuracy of 0.8177 using 56 SNPs and the presence
of HS (Silva-Alves et al., doi:10.1371/journal.pone.0169214). In the present study, we aim to replicate
and validate this algorithm in an independent cohort and to test whether the use of a limited number
of SNPs could be enough to identify patients who are refractory to AED-therapy. For this, we selected
the ten topmost significant SNPs obtained in the previous report and genotyped a total of 253
patients with MTLE, who were classified into two groups, 38 AED-responsive and 215 AED-refractory.
We obtained an accuracy of 0.799, with a sensitivity of 0.92, in the prediction of AED-refractory
patients. We successfully validated our previous results in an independent cohort and demonstrated
that by using only 10 SNPs, it is possible to predict with high accuracy and sensitivity patients who will
be refractory to AED therapy. Thus, suggesting that by incorporating genetic testing into the medical
evaluation of patients with MTLE, one can indicate epilepsy surgery sooner to those predicted to be
AED-refectory, which is likely to significantly improve the quality of care offered to these patients.
Study supported by FAPESP, SP, Brazil.
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Genomic sequencing has become more prevalent in clinical settings. The result has been a rapid
increase in identification of suspect variants for casing disease. Unfortunately, many of the variants
identified are either not annotated, or they are assigned a Variant-of-Uncertain-Significance (VUS)
status. To improve diagnostic rates, strong (PS3) assessments of pathogenic or benign status can be
obtained from functional studies. In this work, we use zebrafish (Danio rerio) as an intact animal
model to measure the functional effects of patient-derived genetic variation. Two advantages of
modeling in zebrafish are a high level of conservation with human disease associated genes (~95%)
and a large clutch capacity enabling high throughput applications, such as drug testing and
behavioral assessment. Using CRISPR/Cas9-mediated gene editing, we targeted the zebrafish ortholog
of human syntaxin binding protein 1 (STXBP1), denoted stxbpla, as a test case for modeling genetic
contribution to pediatric epilepsy and encephalopathy. The variants chosen for the functional studies
include VUS and established pathogenic and benign alleles. In a complementary approach,
morpholino (MO) knock-down coupled with transient mRNA rescue with variant cDNA is being
explored as a rapid assay method for detecting variant pathogenicity. The result is a toolkit in
zebrafish for uncovering the functional consequence of genomic variation. The zebrafish studies
integrate into our Precisome Platform - rapid, actionable, and quantifiable results for variant
pathogenicity measured in disease-proxy animals ('Clinical Avatars'). The platform combines the
complementary variant modeling in C. elegans (worms) and D. rerio (fish) to create a correlative body
of evidence for pathogenicity that is strengthened by the conservation of biology between 3 species:
worm, fish and humans. For example, the functional data presented will explore the connection of
patient-specific phenotype and the conserved morphological, molecular, and behavioral activity of the
Clinical Avatar animals. By including zebrafish into the Precisome Platform, strong correlative
assessment is achieved for assigning pathogenicity to gene variations observed in the patient.
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The gene SCN8A encodes the voltage-gated sodium channel Na, 1.6, which is localized at the axon
initial segment and at nodes of Ranvier in the CNS and PNS. Exome sequencing has identified several
hundred de novo mutations of SCN8A in patients with epileptic encephalopathy (MIM#614558), a
severe disorder characterized by early onset seizures, developmental delay and cognitive
impairment. Many patients with SCN8A encephalopathy are nonambulatory and nonverbal, and the
condition is resistant to standard anti-epileptic drugs. Most patient mutations of SCN8A result in gain-
of-function changes leading to elevated channel activity and neuronal hyperactivity. To test
therapeutic interventions, we generated a conditional mouse model of the patient mutation
p.Argl872Trp (Bunton-Stasyshyn,Wagnon et al, Brain 2019). We used this model to evaluate the
effectiveness of anti-sense oligonucleotides (ASOs) to compensate for neuronal hyperactivity by
reducing the abundance of the Na,1.6 mRNA. Scn8a“"**,E2A-CRE mice were treated by
intracerebroventricular injection of an ASO that decreases the abundance of the Scn8a transcript by
up to 50%. We observed a dose-dependent increase in length of seizure-free survival of the mutant
mice from 2 weeks for untreated mice to 9 weeks in mice receiving two treatments of ASO. The ASO-
treated mice did not exhibit any of the side effects that can result from greater reduction of Na,1.6
function, such as muscle wasting and ataxia.

These experiments provide pre-clinical evidence for the effectiveness of ASO therapy to treat an
intractable childhood epilepsy. Reduction of neuronal excitability with an SCN8A-ASO is potentially
applicable to other epilepsies. Supported by NIH RO1 N5345009.
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Metachromatic leukodystrophy, commonly known as MLD, is an inherited autosomal recessive
lysosomal storage disorder with a great unmet medical need. This fatal neurodegenerative disease
occurs in three forms: late infantile (prevalence of 1 in 40,000), juvenile, and adult. The late infantile
and juvenile forms represent the majority of the MLD patients and mortality at 5 years is estimated at
75% and 30%, respectively. Most commonly, MLD is caused by mutations in the ARSA gene and
patients suffering from the disease are deficient in arylsulfatase-A (ARSA) enzyme. The disease is
characterized by accumulation of supraphysiologic levels of lipids (sulfatides) in the brain, spinal cord
and peripheral organs, which become toxic. This excess sulfatide leads to the destruction of myelin, a
key protective layer of the nerve fibers, resulting in nerve damage. Herein, we are reporting
preclinical gene therapy data in a murine model of MLD where a single intravenous dose of HMI-202
(AAVHSC15-hARSA) crossed the blood-brain barrier and led to a dose-response relationship in vector
genome copies, ARSA protein and ARSA enzymatic activity in the central nervous system (CNS).
HMI-202 expression patterns and corresponding enzymatic activity were rapidly detected in key
biologically relevant regions of the brain (brainstem, cortex, cerebellum and white matter tracks),
spinal cord (gray matter and ascending white matter tracks of the posterior column) and peripheral
nervous system (dorsal root ganglion and sciatic nerve) in lysosomes of both neuronal and glial
cellular profiles. In summary, HMI-202 is a promising gene therapy indevelopment for the treatment
of MLD based on mouse data demonstrating its rapid onset of action and ability to achieve hARSA
activity levels at or above the therapeutic threshold (10-15% of normal hARSA activity). Based on
these preclinical data, IND-enabling studies of CNS gene therapy development candidate HMI-202
have been initiated.
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Genomic duplication encompassing the entire PLP1 gene is the most common cause of Pelizaeus-
Merzbacher disease (PMD), an X-linked hypomyelinating leukodystrophy showing severe motor and
cognitive developmental delay with various neurological phenotypes. Although the exact molecular
and cellular mechanisms underlying PLP1 duplication, which causes severe hypomyelination in the
central nervous system, remain largely elusive, PLP1 overexpression is likely the fundamental cause
of this devastating disease. Here, we investigated if adeno-associated virus (AAV)-mediated gene-
specific suppression may serve as a potential cure for PMD by correcting quantitative aberrations in
gene products. We developed an oligodendrocyte-specific Plp1 gene suppression therapy using
artificial miRNA under the control of human CNP promoter in a self-complementary AAV (scAAV)
platform. A single direct brain injection achieved widespread oligodendrocyte-specific Plp1
suppression in the white matter of WT mice. AAV treatment in Plp1 transgenic mice, a PLP1
duplication model, ameliorated cytoplasmic accumulation of Plpl, preserved mature oligodendrocytes
from degradation, restored myelin structure and expression of myelin genes, and improved survival
and neurological phenotypes. Together, we provide evidence that AAV-mediated gene suppression
therapy using artificial miRNA can serve as a potential cure for PMD resulting from PLP1 duplication
and possibly be applied to the development of therapies for other genomic disorders.
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Background: The overexpression of SNCA play an important role in the pathogenesis of Parkinson’s
Disease (PD) while, normal physiological levels of gene are crucial to maintain neuronal function. A
so-far unmet need is the development of new therapeutic strategies targeting the regulatory
mechanisms of SNCA expression to fine-tune SNCA levels, versus previous approaches that targeted
directly the mRNA or the protein product resulting in robust reduction of SNCA levels associated with
neurotoxicity.

Objective: To translate our knowledge of the mechanisms involved in the regulation of SNCA gene to
next generation drug discovery based on tightly controlled repression of SNCA overexpression.

Methods: We developed a novel strategy to intervene with the transcription regulation of SNCA. The
developed system based on the targeted DNA-methylation editing at SNCA-intron 1 and comprises of
an all-in-one lentiviral vector (LV), carrying CRISPR/dCas9 fused with the catalytic domain of DNA-
methyltransferase 3A (DNMT3A). Aiming to further optimize the delivery system, we created a safer
integrase-deficient version of the LV.

Results: Applying the gRNA-dCas9-DNMT3A into human induced pluripotent stem cells (hiPSC)-
derived ‘aged’ dopaminergic neurons from a PD-patient with the SNCA triplication resulted in fine-
tuned downregulation of SNCA-mRNA and protein levels. Furthermore, the reduction in SNCA levels by
the gRNA-dCas9-DNMT3A system rescued disease-related cellular-phenotypes characteristics of the
SNCA-triplication/hiPSC-derived dopaminergic neurons, e.g. mitochondrial ROS-production, cell
viability, and exacerbated nuclear aging signitures measured by DNA damage and abnormal nuclear
envelop morphology. Next, we validated the vectors in vivo utilizing PD rodent models. Following the
administration of LV-gRNA/dCas9-DNMT3A particles into the rat brain, we demonstrated an efficient
decrease in Snca-mRNA and protein levels.

Conclusions: Collectively, these proof-of-concept experiments provide the foundation and validation
for advancing the novel epigenetic editing-based system further towards PD therapeutic strategy for
application in a clinical setting. The system outlined here would be highly attractive for developing
‘next generation drugs’ as prevention and/or disease modifying interventions for PD, Alzheimer’s
disease and other neurodegenerative diseases and pathologies associated with dysregulation of gene
expression.
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Huntington disease (HD) is a fatal neurodegenerative disorder caused by a gain of function mutation
in HTT. Suppression of mutant HTT expression has emerged as a leading therapeutic strategy for HD,
with allele-selective approaches targeting HTT SNPs now in clinical trials. Haplotypes associated with
the HD mutation (A1, A2, A3a) represent panels of allele-specific gene silencing targets for efficient
treatment of HD patients of Northern European and indigenous South American ancestry. Here we
extend comprehensive haplotype analysis of the HD mutation to key patient populations of Southern
European, South Asian, Middle Eastern, and admixed African ancestry. In each of these populations,
the HD mutation occurs predominantly on the A2 HTT haplotype. Analysis of HD haplotypes across all
affected population groups enables rational selection of candidate target SNPs for development of
allele-selective gene silencing therapeutics worldwide. Targeting SNPs on the A1l and A2 haplotypes in
parallel is essential to achieve treatment of the most HD patients in populations where HD is most
prevalent. Current allele-specific approaches will leave a majority of patients untreated in populations
where the HD mutation occurs most frequently on the A2 haplotype, including Southern Europeans,
South Asians, and patients of Middle Eastern origin. To develop strategies for allele-specific
suppression of the A2 HTT haplotype in these patients, we demonstrate preclinical development of
potent and selective ASOs targeting defining A2 HTT haplotype SNPs. On the basis of comprehensive
HTT haplotype analysis, we further estimate the maximum proportion of patients that may be treated
with three or four allele targets in different populations worldwide, informing current allele-specific
HTT silencing strategies.
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Background: Glucose transporter 1 deficiency syndrome (GLUT1DS, OMIM #606777) is an autosomal
dominant disorder caused by haplo-insufficiency of SLC2A1, and results in impaired hexose transport
into the brain. Previously, we generated an AAV vector in which SLC2A1 was expressed under
synapsin | promoter (AAV-hSLC2A1), and suggested that AAV-hSLC2A1 administration improved
motor function of heterozygous knock-out Glutl (GLUT1*") mice. In this study, we developed another
AAV vector that approximates human physiological GLUT1 expression.

Methods: We generated the AAV vector that expresses GLUT1 under the human GLUT1 promoter
(AAV-GLUT1). AAV-GLUT1 was administered to GLUT1*" mice via intra-cerebroventricular injection
(CNS-local; 6.5 x 10" vg/mouse, 3.25% 10" vg/kg). We analyzed GLUT1 mRNA/protein expression in
the brain and other major organs and cerebral microvasculature by lectin-staining. We also examined
motor function using rota-rod test and glucose levels in the blood and cerebrospinal fluid (CSF).
Additionally, we confirmed that exogenous GLUT1 protein distribution in the brain and other organs
after intra-cardiac injection of AAV-GLUT1 (7.8 x 10" vg/mouse, 3.9x 10" vg/kg).

Results and conclusions: After intra-cerebroventricular injection of AAV-GLUT1, exogenous GLUT1
was mainly expressed in endothelial cells in the brain, and partially in neural cells and
oligodendrocytes. Exogenous GLUT1 also expressed in the cerebral cortex, hippocampus, and
thalamus. Cerebral microvasculature was increased compared to un-injected control GLUT1"" mice.
AAV-GLUT1 improved the motor function and CSF-glucose levels of GLUT1*" mice. Exogenous GLUT1
expression was not detected in other organs after intra-cerebroventricular injection of AAV-GLUT1.
Exogenous GLUT1 expression was maintained in endothelial cells and neural cells for 24 months. After
intra-cardiac injection, modest levels of exogenous GLUT1 were detected throughout the brain.
Exogenous GLUT1 was also detected in the liver and in the muscle of the lower limb. AAV-based
vector is a promising approach for the treatment of GLUT1DS patients.
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Human genetics is a powerful tool to study the phenotypic impact of the modulation and inhibition of
candidate drug targets. In particular, variants causing loss-of-function (LoF) of protein-coding genes
provide natural in vivo models of gene inactivation, and are thus valuable indicators of the potential
for on-target toxicity of therapeutic inhibitors.

Missense variants in LRRK2 that cause gain of kinase function are a known cause of Parkinson’s
disease, suggesting inhibition of LRRK2 kinase activity as a promising therapeutic strategy. The
biological consequences of such inhibition, however, have not been well characterised in humans.
Furthermore, toxicity concerns have arisen from preclinical homozygous knock-out studies in model
organisms, which have shown abnormal lung, liver, and kidney phenotypes.

Here, we systematically analyse predicted LoF variants across 141,456 sequenced participants in the
Genome Aggregation Database (gnomAD), 49,960 exome sequenced individuals from the UK Biobank,
and >4 million genotyped participants from 23andMe. After thorough manual curation, we identify
1,458 carriers of 136 unique high-confidence heterozygous LoF variants in LRRK2. Through Western
blotting of LoF carrier lymphoblasts and CRISPR-engineered cardiomyocytes we demonstrate that six
LoF variants, representing 85.2% of the carriers, result in reduced LRRK2 protein levels.

We manually curate available phenotypic data and conduct a phenome-wide association study. These
analyses show that heterozygous LoF of the LRRK2 gene is not associated with reduced life
expectancy or with any specific phenotype or disease state; in particular, there is no evidence of
adverse lung, liver, or kidney phenotypes.

These results suggest that partial life-long reduction of LRRK2 protein levels is consistent with a



normal, healthy lifespan, and therefore, therapeutics that downregulate LRRK2 are likely to be well-
tolerated by Parkinson’s disease patients. Furthermore, our results demonstrate the value of large-
scale genomic databases combined with deep phenotypic characterisation of human LoF carriers to

target validation in drug discovery.
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ACOX1 (Acyl-CoA oxidase 1) encodes the rate-limiting enzyme in very-long-chain fatty acid (VLCFA) b-
oxidation, and produces H,0,in peroxisomes. We report a de novo mutation (p.N237S) in individuals
who exhibit different phenotypes than ACOX1 deficiency patients. Loss of dACOX1 in flies is semi-
lethal, and eclosing flies exhibit progressive motor deficits and abnormal immune responses which
can be rescued by Bezafibrate, an inhibitor for ELOVLL. In contrast, expression of p.N237S causes a
gain-of-function that stabilizes ACOX1 as a dimer, produces elevated levels of reactive oxygen species
(ROS) in insulating glia, and leads to demise of glia and neurons. Similarly, probands carrying p.N237S
exhibit loss of Schwann cells, motor and sensory neurons. Treatment of flies or primary Schwann cells
with an antioxidant strongly suppresses these phenotypes. Our data show that peroxisomes play a
critical role in insulating glia across phyla, that loss of ACOX1 causes an autoimmune disease, and
that gain of function results in ROS-driven glial death.
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Parkinson's disease (PD) is a complex neurodegenerative disorder characterized by motor and non-
motor symptoms that worsen over time. Currently, there is no effective clinical and/or biological
markers that can track PD disease progression.

To develop novel biological markers that can model disease characteristics, severity and progression,
we are recruiting a cohort of 800 Ashkenazi Jewish individuals either manifesting or genetically at-risk
for PD, and healthy controls for both cross-sectional and longitudinal studies. So far, we have
recruited 620 subjects for the cross-sectional study and 135 of them will be followed longitudinally.
Individuals include carriers and non-carriers of LRRK2, GBA mutations.

For all the subjects, we collected demographic data, baseline PD history and severity, clinical
assessments, including MDS-UPDRS score, fluid biomarkers, digital data from wearable devices and
imaging data from MRI and DaT-SPECT.

For genetic/genomic biomarker development, we collected both whole blood and peripheral blood
monocytes from each subject and measured gene expression using RNA-Seq, chromatin accessibility
using ATAC-Seq, and DNA methylation using MethylationEPIC BeadChip assays. Differential gene
expression, chromatin accessibility and methylation will be assessed between different groups.
Currently, gene expression data of whole blood and monocytes from first 400 subjects have passed
quality control. Moderate correlation between gene expression and methylation with traditional
measurement of PD progression (MDS-UPDRS score) was observed. The genomic biomarker
candidates will be used in a multi-modal analysis with clinical, digital, imaging and fluid biomarker
data in order to classify patients into subgroups that share the same characteristics and develop
models that can track the severity and progression of the disease.
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Introduction: The advent of next generation sequencing(NGS) has led to accurate genetic diagnosis
and better understanding of the spectrum of pediatric movement disorders(MD). We aim to describe
the genetic profile of our patients with Movement Disorder (MD).

Methodology: We analyzed 138 patients with primary MD. 890of them with suspected genetic
etiologies underwent NGS. We classified them according to the International Parkinson and Movement
Disorder Society Task Forcerecommendations. The results were correlated with their clinical profile,
neuroimaging and family genetics, when available, to determine their significance.

Results:36/89, 32/89, 9/89, 10/89, 2/89 belonged to the dystonia, ataxia, hereditary spastic
paraparesis(HSP), paroxysmal movement disorders(PMD) and parkinsonism group respectively.
Causative genes were found in 55/89(61%).

Most common phenotype was dystonia with 19/36(52.7%) genetic positivity. DYT related
genes(DYT5,DYT6,DYT11) were the most common while few others were PANK2, PLA2G6, GLB1 and
HEXA. Large number of patients with clinically suspected neurotransmitter disorders with
pharmacological responsiveness were genetically negative.24/32(75%) patients presenting
predominantly with ataxia had positive results with the common genes being ATM,ITPR1,SLC2A1,
APTX and POLR3A. 8/9(88%) with HSP were positive for causative genes like SPG11, SPG47, SPG3A,
SPG33 and SPG7. Amongst patients with PMD, 3/10(30%) were positive with PNKD , CACNA1A ,
ATP1A3 gene mutations.1/2(50%) patients with parkinsonism was positivewith LRRK2 mutation.

Conclusion: In movement disorders, genetics helps largely with confirmation of diagnosis,
prognostication, avenues for research, and antenatal protection. Genetic diagnosis provided disease
specific treatment , highlighting the importance of early and specific genetic diagnosis .
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Multiple sclerosis (MS) is an autoimmune disease that develops when immune cells attack the myelin
sheaths coating neurons in the central nervous system. Disease modifying therapies (DMT) can help
reduce the frequency of demyelination events and MS severity, but are associated with a variety of
adverse drug reactions (ADR), including drug-induced liver injury (DILI). Physicians often monitor liver
condition for patients on DMTs with liver enzyme tests that measure patients’ levels of alkaline
phosphatase (AlkP), aspartate aminotransferase (AST) alanine aminotransferase (ALT), and bilirubin
(TBil). A study performed by Kowalec et. al in 2018 investigated the genetic elements of DILI linked to
the MS medication interferon-B and discovered variant rs2205986 is associated with an increased DILI
risk due to elevated AlkP and AST levels (B = 0.35, B = 0.73). Another common MS DMT known to be
connected with DILI is glatiramer acetate (GA). In order to test if rs2205986 is also associated with an
increased DILI risk in GA patients, 375 patients with references to GA in their electronic medical
records located in Vanderbilt University Medical Center’s Synthetic Derivative were manually
reviewed to extract GA treatment timelines. 58 Caucasian patients had both liver lab values taken
during treatment periods and genotyping information available. For each patient, the highest value
for each test was identified and standardized to the upper limit of normal. With these liver enzyme
values, a linear regression analysis was performed in PLINK v1.90 with patient age, sex, and first four
principal components as covariates. Associations between rs2205986 and elevated AST, ALT, and TBil
levels were insignificant (P = 0.33, P = 0.32, P = 0.51). rs2205986, however, was significantly
associated with elevated AlkP levels (P = 0.01). With each additional variant allele, AlkP levels
increase on average by 0.27 units/L (95% confidence interval: 0.09 - 0.46). This discovered
association could aid physicians in screening potential GA candidates to prevent DILI, as well as
contribute to the growing interest in developing personalized treatment plans accounting for patients’
genetic information.
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Background: Many intellectual disability disorders are due to copy number variations, and to date
there have been no treatment options tested for this class of diseases. MECP2 duplication syndrome
(MDS) is one of the most common genomic rearrangements in males and results from duplications
spanning the methyl-CpG binding protein 2 (MECP2) gene locus. Previously, we have shown that
antisense oligonucleotide (ASO) therapy can successfully reduce MeCP2 levels in an MDS mouse
model and reverse the disease-like phenotypes. However, our previous MDS mouse model carried one
transgenic human allele and one mouse allele, with the latter being protected from human specific
MECP2-ASO targeting. In humans, the two MECP2 alleles are identical and because MeCP2 is a
dosage-sensitive protein, one must ensure that the ASO is titrated to target the human allele such
that MeCP2 levels are reduced from 2X to 1X. Methods: We generated a new “humanized” mouse
model of MDS, that carries two human MECP2 alleles, and no mouse endogenous allele. Moreover, we
tested the effects of a human-specific MECP2-ASO through intracerebroventricular injection, which
approximates that intrathecal delivery approach in humans. Results: The humanized mouse model of
MDS showed elevated MeCP2 levels and using various behavioral tests we found they recapitulated
the majority of the human patient phenotypes. We also found that the MECP2-ASO efficiently
downregulates MeCP2 expression throughout the brain by quantifying the RNA and protein levels in 7
different brain regions. Furthermore, MECP2-ASO in a dose-dependent manner decreases MeCP2
levels in the brain. MECP2-ASO also ameliorates behavioral deficits including exploratory, learning and
memory as well as motor coordination behavior, without any dose-limiting toxic effect or safety
concern. We characterized the pharmacodynamic effect of the MECP2-ASO on MeCP2 and selected
MeCP2-regulated genes during the duration of the treatment and found that majority normalized.
Conclusion: Our results demonstrate that central nervous system administration of MECP2-ASO is
well tolerated, has beneficial effects, and support a feasible translatable approach for the treatment
of MDS.
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Introduction: Epilepsy and Autism Spectrum Disorder (ASD) are the two faces of a coin. We
hypothesized that appropriate antiepileptic treatment will result in a better quality of life for epileptic
patients with or without ASD.

Aim: To evaluate the quality of life of epileptics with/out ASD on antiepileptic drugs (AED) in Mali.
Methods: We followed 90 epileptics with/out ASD from October 2017 to May 2019. We recorded the
duration, intensity, and the frequency of epileptic seizures before and during treatment (M1 at M3)
and used the McGill to assess the global quality of life. Plasmatic AED levels were determined at first
month (M1) and third month (M3) timepoints after treatment initiation.

Results: Comorbidity ASD/epilepsy was 8.9%. The age group 16-30 years represented 50%. Our
study participants received phenobarbital (73.3%), valproic acid (7.8%) and carbamazepine (18.9%).
Side effects occurred in 13.3% of participants. With 79% treatment adherence rate, the AED was
under-dosed (42%), normo dosed (50%) or overdosed (8%). At M1, epileptic seizures occurred <1/
month in 26.7%, had minimal intensity in 94.4%, and lasted <1 minute in 16.7 %. The global quality
of life was better 94.5%. The plasmatic levels of AED were different from M1 to M3 p<0,000.
Discussion: The non-observance rate of the AED treatment was non-negligible. Nevertheless, our
data show that AED prescription and follow up based only on body weight does not guarantee
adequate plasma levels to control seizures. Epileptics with/out ASD will benefit from sequential AED,
Electroencephalogram (EEG) and quality of life assessment. The occurrence of side effects should
prompt for screening for known polymorphisms (SNPs) in Cytochrome CYP450 genes. Altogether, our
ultimate goal is to revolutionize the EAD treatment for personalized medicine in Mali.
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Methamphetamine is a strong addictive neurotoxin that stimulates the central nervous system and
affects several pathways and metabolisms in different organs. Recently, the clustered regularly
interspaced short palindromic repeats-CRISPR-associated protein 9 (CRISPR-Cas9) systems was
developed, which improves sequence-specific gene editing in cell lines, organs, and animals.
CRISPR system would selectively disrupt the targeted location without affecting other region of DNA
or other RNAs. Several long non-coding RNAs (IncRNAs) were found associated with tendency and
high sensitivity to methamphetamine abuse.LncRNA named AK036791 is related to depression and
sensitivity to stimulants such as methamphetamine.

We set out to design and use a CRISPR system to disrupt expression of AK036791 in a mouse
model of methamphetamine exposure. Two group of male mouse were used (30 wild-type C57BL/6
mice for each group, 7-8 weeks old, male, 20-25 g). The groups of mouse were then given once-
daily injections of METH (2 mg/kg) or saline for five consecutive days (day 3-7) followed by two
injection-free days (day 8-9). On day 10, mouse were given a challenge injection of either 2 mg/kg
METH or saline. Test group were CRISPR/Cas9 knock-in mouse model to induce doxycycline-
regulated Cas9 induction that enables widespread gene disruption in multiple tissues and that
limiting the duration of Cas9 expression. Forced swimimg test performed in both group and
expression level of AKO36791 was assessed in nucleus accumbens by using quantitative Real time
PCR.

Findings revealed showed three time reduction in expression level of AKO36791 in nucleus
accumbens of test group (p<0.003). AlsoForced swimming test results showed depression level of
knocked in mouse were significantly (p<0.002) lower.

It seems that designed CRISPR/Cas9 could induce reduction of expression of genes that are
involved in methamphetamine sensitivity and depression. It may lead to new kind of vaccination for
addiction as well as reduction of dependency and depressive symptoms. CRISPR/Cas9 also can use
for developing knock-in and knock-out mice that may help to shed light to molecular mechanisms
of methamphetamine in central nervous system.
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The concept of screening the epigenome for patterns of methylation and unique biomarkers that
underlie common disorders is advancing in the literature. Technologies such as lllumina Infinium
HumanMethylation450 BeadChip array may provide a mechanism by which scientists and clinicians
can collaboratively screen, diagnose, and initiate precise treatment modalities for
neurodevelopmental and psychiatric disorders of childhood. In addition, the field of behavioral
epigenetics provides evidence by which clinicians understand the gene by environment influences
that associate with clinical symptoms of mood and behavioral disturbance. Primary care advanced
practice nurses (APRN) are ideally positioned to conduct risk assessments, employ novel epigenetic
screening technologies, and make diagnoses within a biopsychosocial framework that more precisely
captures the dynamic course of disease and illness. In addition, APRN’s are trained in therapeutic
communication and may initiate counseling on the psychosocial and ethical implications of
undergoing a genetic evaluation. A conceptual model for translating behavioral epigenetics into the
primary care setting is proposed.
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The serotonin neurotransmission system has been implicated in childhood onset-aggression, but its
role in the development of aggressive behaviours is unclear. The first and rate-limiting step of
serotonin biosynthesis involves tryptophan hydroxylase (TPH). The purpose of this study was to
investigate whether two single nucleotide polymorphisms (SNPs), rs1800532 (A218C) in the
tryptophan hydroxylase 1 (TPH1) gene and rs4570625 (G703T) in the tryptophan hydroxylase 2
(TPH2) gene, are significantly associated with aggressive behaviour in a sample of children with a
history of extreme, persistent and pervasive aggression. These SNPs were also assessed for possible
interactions between each other, anxiety, and a history of maltreatment in association with
internalizing and externalizing behaviours. From the currently complied dataset at the Centre for
Addiction and Mental Health in Toronto, Canada, the 2 SNPs were genotyped in 141 high aggression
cases and 169 healthy controls. SNP genotype was analyzed for association to aggressive behaviour,
anxiety, maltreatment history and internalizing/externalizing behaviours using chi-squared tests,
linear, and logistic regression models. The T/T and G/T genotypes of rs4570625 were significantly
associated with aggressive behaviour (p=0.024), suggesting that T allele carriers at this SNP are at
higher risk for the development of such behaviours in childhood. Externalizing behaviour in the high-
aggression cases was also associated with both rs1800532 (p=0.006) and rs4570625 (p=0.015). In
addition, for T-allele carriers of rs4570625, a history of maltreatment was associated with
externalizing behaviour (p=0.013). Although anxiety was not associated with either SNP, more
females were affected by anxiety in the HA cases, suggesting that males and females have different
comorbidities and different mechanisms in the development of aggressive behaviours. These results
suggest that TPH2 genetic variations and environmental factors, such as maltreatment, play
important roles in the development of childhood-onset aggressive and related behaviours. More
studies are required to further understand the development of such behaviours, which may lead to
implications for potential means of intervention.



n= A+

PgmNr 443: A genetic screen in Drosophila to identify new
human disease candidate genes associated with altered
dopamine homeostasis.

Authors:
F. Shi'; S.L. Deal % D. Bei % E.S. Seto *: S. Yamamoto ***

IView Session| |Add to Schedule]

Affiliations:

1) Rice University, Houston, TX; 2) Program in Developmental Biology, Baylor College of Medicine,
Houston, TX; 3) Department of Molecular and Human Genetics, Baylor College of Medicine, Houston,
TX; 4) Jan and Dan Duncan Neurological Research Institute, Texas Children’s Hospital, Houston, TX

The regulation of the neuromodulator dopamine (DA) is a vital component to many biological
functions. In humans, dysregulation of DA leads to social and behavioral deficits as well as many
debilitating neurological disorders. The genes required for DA synthesis and secretion are well-
conserved, allowing model organism researchers to study the cellular and molecular processes behind
DA regulation in vivo. In addition to DA’s use in the nervous system, insects use DA as a precursor of
melanin to color and harden their cuticle. Through a genome-wide RNAi screen in Drosophila, we
identified 136 genes that affect cuticle pigmentation. Further experiments using the Drosophila
activity monitor system revealed that many of these genes affect behavior when knocked down in
DArgic cells, indicating they may be involved in DA signaling in the nervous system in addition to their
role in cuticle pigmentation. Interestingly, ~85% of the genes identified from this screen are
conserved in mammals, suggesting that defects in these genes may lead to alterations in DA
signaling in humans.

In this study, we visualized the expression of a subset of our hits by using the T2A-GAL4 system to
determine the expression of these genes in DArgic neurons. We expressed a CD8::GFP reporter
construct in the expression domain of the genes of interest, dissected the fly brains, performed co-
immunostaining with a TH antibody, and visualized the signal with a confocal microscope. For five
Drosophila genes tested, which corresponds to eight human genes [pfk (PFKL, PFKM, PFKL), lola
(ZBTB20), ctrip (TRIP12), CG4328 (LMX1A, LMX1B), and CG16758 (PNP)], expression was found in a
subset of DArgic neurons. The selective expression of these genes suggests they may not have global
effects on DA regulation, but may instead have cell-specific effects. As different DArgic neurons play
specific roles in the brain, identifying the genes responsible for cell-specific DA regulation will allow us
to examine the molecular basis behind behavioral deficits caused by defects in specific DA neuronal
populations.
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Genetic diseases are individually rare but collectively common. Many genetic conditions can mimic
mental health disorders, with psychiatric symptoms that are difficult to treat with regular medications.
Discovery of rare genetic diseases in psychiatric patients would reveal specific management options,
including treatments that may ameliorate psychiatric symptoms or help regular medications to work
better, and provide information about the chances of other family members being affected. In a
previous pilot study of 2046 psychiatric patients we found an enrichment of variants associated with
four treatable genetic diseases, which included Niemann-Pick disease type C, Wilson disease,
homocystinuria, and acute intermittent porphyria (AIP), including a 240X enrichment of AIP in
comparison to the general population. In this study, we expand our investigation of treatable genetic
disorders in psychiatric populations (n=2304) by screening for pathogenic variants associated with
108 treatable genetic disorders using next-generation sequencing (lllumina HiSeq 2500/NovaSeq
6000). Specifically, SCZ (n=445), bipolar (n=568), major depression (n=304), obsessive compulsive
disorder (n=368) and generalized anxiety disorder (n=619) cohorts will be screened. Re-contactable
patients will be prioritized to facilitate clinical molecular and biochemical diagnostic follow-up for
validation of genetic screening results. We expect to see an increased prevalence of treatable genetic
disorders within the psychiatric population relative to the general population. Additionally, we expect
an increased carrier frequency amongst psychiatric patients that could potentially be playing a role
the pathophysiology of psychiatric disorders. Importantly, patients found to be carriers or affected
with treatable genetic diseases will be followed in the clinical setting and given appropriate genetic
counseling, where appropriate. Discovering genetic diseases in psychiatric patients will shift how
health care is delivered to these vulnerable patients by addressing underlying conditions rather than
masking symptoms with medications and will especially help patients who don't respond to regular
medications. This will lead to significant cost savings to the health care system. Ultimately, this study
will pave the way for the identification of specific characteristics associated with psychiatric
symptomatology in treatable genetic diseases that will allow for earlier targeted screening and
treatments.
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Bipolar Disorder (BD) is a genetically heterogeneous psychiatric disorder of unknown etiology that
presents major challenges for the study of disease biology and drug development. Induced pluripotent
stem cells (iPSCs), which can be differentiated into neurons and glia, provide a cellular model system
suitable for studies of cases and controls as well as studies that assess the impact of therapeutic
agents on cellular development and differentiation. As part of the Amish-Mennonite Bipolar Genetics
study (AMBiGen), we are collecting clinical data, DNA, and fibroblasts from probands diagnosed with
BD and their relatives, all ascertained within genetically-isolated Amish and Mennonite communities
in the Americas. Fibroblasts have been reprogrammed to iPSCs with Sendai virus and differentiated
into neural progenitor cells (NPCs), neurons, and astrocytes using standard protocols. Pilot studies are
underway in cells from 4 probands and 4 sex-matched, unaffected siblings (2 clones each).
Assessments include morphology, action potentials, gene expression profiles, and cellular response to
therapeutic dosages of established treatments such as lithium and valproic acid (VPA). Preliminary
results suggest that long-term treatment with VPA, but not lithium, greatly reduced proliferation of
NPCs by the MTT assay, and promoted neuronal differentiation in both cases and controls. Long-term
treatment with lithium greatly reduced neuronal calcium response to glutamate stimulation in both
cases and controls, based on single-cell calcium imaging. Gene expression microarray data showed
that cells in different differentiation stages demonstrated the most significant differences, some
genes were differentially-expressed in cases compared to controls. VPA treatment of neural
progenitor cells increased neurogenesis and growth of neurites. In addition, long-term VPA treatment
during the process of differentiating neural progenitor cells into neurons can greatly reduce the
number of differentially-expressed genes in cases versus controls, which may reflect some
therapeutic effects of VPA. These preliminary results, if replicated, could point to cell-autonomous
phenotypes in neural cells derived from people diagnosed with BD
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Background: CYP2A6, a genetically variable enzyme that metabolizes nicotine and tobacco-specific
nitrosamines, alters smoking behaviours and the risk for tobacco-related diseases such as COPD and
lung cancer. CYP2A6 activity is phenotyped by the Nicotine Metabolite Ratio (NMR), a ratio of
nicotine’s metabolites (3’-hydroxycotinine/ cotinine). NMR is negatively correlated with body mass
index (BMI), but the biology underlying this relationship is unclear. Smoking is also negatively
associated with BMI; higher NMR increases smoking quantity, and could thereby reduce BMI.
Alternatively, higher BMI could alter nicotine and metabolite kinetics and resulting NMR. Taylor et al.,
2018 provided some evidence for an influence of BMI on NMR in some but not all cohorts. Here we
used Mendelian Randomization (MR) with updated instrumental variables to evaluate both potential
causal influences, in order to determine whether NMR causes altered BMI or vice versa. Methods:
Our clinical sample comprised 935 European-ancestry smokers from a cessation trial (PNAT2
NCT01314001). As an instrument for BMI, we performed LD clumping via PLINK to identify LD-
independent SNPs from 941 conditional SNPs identified in a large genome-wide association study,
which captured ~6% of the variation in BMI (Yengo et al., 2018). As an instrument for NMR, we used
our 7-variant CYP2A6 wGRS which captured ~34% of the variation in NMR (El-Boraie et al, 2019). We
used one-sample, bidirectional MR on individual-level data. Analyses were adjusted for relevant
covariates. Sensitivity analyses were performed using MR-Egger regression to assess the validity of
the resulting MR models. Results: LD clumping produced 334 SNPs which we subsequently used as
instrumental variables for BMI in the MR models. We detected a significant causal influence for BMI on
NMR (p=<0.001) but no causal effect for NMR on BMI. Sensitivity analyses revealed consistent
directions of effect, and the MR Egger intercept was non-significant (p>0.1) indicating no clear
evidence of horizontal pleiotropy. Conclusions: Using MR we provide evidence for a causal
relationship between BMI and NMR (i.e. higher BMI causes lower NMR). In contrast, we did not detect
evidence that the NMR causally alters BMI. Our findings raise the possibility that BMI alters the
kinetics of one or both metabolites that comprise the NMR.
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Management of the metabolic side effects induced by antipsychotics are an important concern in the
successful treatment of patients with psychosis. CYP2D6 is a major metabolic pathway for many
antipsychotics. There is growing evidence demonstrating a relationship between CYP2D6 genotype
and clinical outcomes. This study aims to consider whether CYP2D6 metabolic status influences
antipsychotic-induced weight gain.

The UK Biobank is a large, population cohort study including approximately 500,000 volunteers (age
40-70). Participants underwent extensive baseline assessments, including genome-wide genotyping
and clinical interviews. We extracted genetic and clinical data for all individuals taking antipsychotics.
Genetic data were phased using PHASE software to allow for star-allele allocation according to the
Pharmacogene Variation Consortium guidelines. The sample was categorised into three phenotypic
groups based on their Gaedigk activity score: poor, intermediate and extensive metabolisers. Ultra-
rapid metabolisers were combined with extensive in this analysis. Linear regression models were
conducted with CYP2D6 metabolic phenotype as the predictor, body mass index (BMI) and waist
circumference as the outcome measures, and age, sex and whether or not the drug taken was a
primary CYP2D6 substrate included as covariates.

We identified 2,863 individuals within the UK Biobank taking antipsychotics. Of these, 143 were poor
metabolisers, 218 intermediate and 2,502 extensive. Overall, no significant association between
CYP2D6 phenotype and increased BMI or waist circumference was identified. We did find that taking a
drug metabolised primarily through CYP2D6 was predictive of higher BMI and waist circumference.
When we conducted the analysis on 24 individual drugs rather than all antipsychotics together, we
found a significant association between increased BMI and waist circumference in poor compared to
extensive metabolisers for individuals taking fluphenazine.

The sample included in this paper constitutes one of the largest studies of CYP2D6é poor and
intermediate metabolisers conducted thus far. We did not identify any significant association between
CYP2D6 phenotype and increased BMI or waist circumference. Our results suggest that antipsychotic-
induced weight gain is driven more by the type of antipsychotic drug than by CYP2D6 metabolic
phenotype. Further investigation of the impact of metabolic status on response to specific
psychotropic drugs is required.



n= A+

PgmNr 448: X-chromosome variation influences on a

nicotine metabolism biomarker predictive of smoking
behaviors differ by sex in African American cigarette

smokers.

Authors:
M.J. Chenoweth ; L.S. Cox % C. Lerman ?; J. Knight **; R.F. Tyndale **

IView Session| |Add to Schedule]

Affiliations:

1) Campbell Family Mental Health Research Institute, Centre for Addiction and Mental Health and the
Department of Pharmacology and Toxicology, University of Toronto, Toronto, Ontario, Canada; 2)
Department of Population Health, University of Kansas School of Medicine, Kansas City, KS, USA; 3)
Department of Psychiatry, Annenberg School for Communication, and Abramson Cancer Center,
University of Pennsylvania, Philadelphia, PA, USA; 4) Data Science Institute and Lancaster University
Medical School, Lancaster, UK; 5) Department of Psychiatry, University of Toronto, Toronto, Ontario,
Canada

Cigarette smoking behaviors, which differ between men and women, are also influenced by
pharmacogenetic variation. The genetically polymorphic CYP2A6 enzyme inactivates nicotine, the
major psychoactive compound in cigarettes, to cotinine and then to 3’hydroxycotinine. The Nicotine
Metabolite Ratio (NMR; ratio of 3'hydroxycotinine/cotinine) is a heritable (~60-80%) biomarker of the
rate of nicotine metabolism. The NMR varies with sex and is associated with smoking behaviors and
disease risk. Previous genome-wide association studies of the NMR that controlled for sex and
examined only the autosomes (chromosomes 1 - 22) captured up to 38% of NMR variation. We
investigated whether X-Chromosome genetic variation is associated with the NMR in African American
smokers from two smoking cessation clinical trials (NCT01314001 and NCT00666978). Standard
GWAS and X-Chromosome specific quality control steps were undertaken prior to genotype
imputation. Males and females were analyzed separately. Within each trial, additive genetic models
(phenotype = standardized square root NMR) adjusted for population substructure and NMR
covariates (age, BMI, and use of menthol cigarettes). Results from the two individual trials were then
meta-analyzed; variants with info scores >0.7 and minor allele frequencies (MAF) >1% were
considered. In males (n = 351), the top variant was rs5963533 (beta = - 2.50 for Avs. G allele; P =
4.7e-9; MAF = 1.4%), explaining ~9.0% of NMR variation. The rs5963533 variant is located ~49kb
downstream of TSPAN7, a gene previously associated with X-linked intellectual disability. In contrast
to males, rs5963533 was not associated with the NMR in females (beta = - 0.22; P = 0.29). In females
(n = 502), the top variant was rs148897912 (beta = 0.88 for G vs. A allele; P = 2.6e-6, MAF = 3.4%),
explaining ~3.5% of NMR variation. The rs148897912 variant is located ~48kb upstream of ENOX2,
which belongs to a family of growth-related NADH oxidases. In contrast to females, rs148897912 was
not associated with the NMR in males (beta = 0.45; P = 0.21). Our findings suggest that X-
Chromosome variation may represent an additional source of genomic variability in the NMR, with
differing impacts in males and females. A greater understanding of the variation in this nicotine
metabolism biomarker associated with smoking behaviors and tobacco-related disease risk may
improve treatment strategies for both men and women.
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Background: The Nicotine Metabolite Ratio (NMR, 3-hydroxycotinine/cotinine), an index of nicotine
metabolic inactivation by CYP2A6, is associated with smoking behaviors and cessation outcomes.
However, the NMR cannot be measured in non-, former- or intermittent-smokers, for example in
studies of tobacco-related disease risk or for other CYP2A6 drug substrates. The NMR is highly
heritable (60-80%) and we previously curated a CYP2A6 weighted genetic risk score (WGRS) for
European-ancestry populations (EUR) capturing 33.8% of NMR variance. Several loss-of-function
CYP2A6 alleles are unique to African-ancestry populations (AFR), and ~60% of hits identified in an
AFR-stratified NMR genome-wide association study (GWAS) were not shared with EUR, warranting the
need for an AFR-based wGRS.

Methods: Training set: N=954 AFR smokers from two trials (PNAT-Il; NCT01314001) and (KIS-III;
NCT00666978); replication set: N=216 AFR smokers from a third trial (Q2L; NCT01836276). Variations
of the wGRS model included independent GWAS signals along with known functional CYP2A6 * alleles,
calculated as the sum of risk alleles weighted by their effect sizes.

Results: The final model consisted of 11 genetic variants, 8 of which are unique to AFR. In the
training and replication sets, the AFR wGRS explained 32.2% (P<0.001) and 34.3% (P<0.001) of the
variance in the NMR, respectively. The AFR wGRS demonstrated a fair ability (receiver-operating
characteristic curve=0.73; P<0.001) to discriminate NMR slow from normal metabolizers. There was a
negligible influence of known NMR covariates (e.g. sex, age, BMI) and ancestral population
substructure (genomic principal components) on wGRS robustness (unique variance
explained=32.0%; P<0.001), despite the geographical diversity in recruitment sites in the training
set. We combined wGRSs, previously described for EUR and described here for AFR, and using wGRS-
stratified analyses were able to replicate previous unique NMR?stratified cessation outcomes between
metabolizer groups: the interaction between treatment and NMR metabolizer group was 2.25
(P=0.02), compared to 2.12 (P=0.03) for treatment and predicted wGRS metabolizer group.
Conclusions: We present a useful approach for translating CYP2A6 genotypes into a gene activity
score in AFR populations; the wGRS is robust to non-genetic covariates and fine population



substructure. Furthermore, the AFR wGRS is comparable to its EUR wGRS counterpart in its ability to
capture NMR variation.
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Individuals with complex disorders typically have a heritable burden of common variation that can be
indexed by the summation of their genic risk with respect to genome-wide association summary
statistics, expressed as a polygenic risk score (PRS). While each component of polygenic risk has a
relatively small effect size and are small targets for therapeutic intervention, we hypothesized that
some individuals may harbour significant variation that is specifically enriched in clinically actionable
pathways. To test this, we developed a framework, designated the pharmagenic enrichment score
(PES), to quantify common variant enrichment in pathways with known drug targets. This approach
was exemplified using a cohort of schizophrenia cases, using common variants associated with drug-
oriented gene-sets derived from genome wide association study summary statistics. A large
proportion of individuals had elevated PES in one or more of eight candidate clinically actionable gene
sets identified, including a significant proportion of patients with relatively low genome-wide
schizophrenia PRS, and a subgroup displaying treatment resistance. These observations suggest that
the PES approach could provide a mechanism to integrate an individual’s common variant risk to
inform personalized interventions, including drug repositioning for complex disorders, such as
schizophrenia.
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Background: Stress and dysregulation of the HPA axis plays an important role in the development
and severity of depressive symptoms. Epigenetic modifications are known to significantly impact the
relationship between stress system genes and the environment via the HPA axis but are currently
under investigated in regard to their effect on clinical depression and antidepressant treatment.
Therefore, we investigated DNA methylation sites across six well-known HPA axis genes and
examined their associations with antidepressant treatment response in clinically depressed patients
with and without comorbid anxiety.

Methods: Clinically depressed patients with complete follow-up data (n=157) were selected from our
naturalistically treated sample (IMPACT). Patients were referred to our study for failure to adequately
respond, or intolerance to, their psychiatric medication. Saliva samples were collected at enrollment
and DNA methylation levels were interrogated using the Infinium HumanMethylation450 Beadchip.
Thirty CpG probes located across the promotor regions of CRHR1, CRHRZ2, FKBP5, NR3C1, NR3C2, and
SKA2 were selected to quantify methylation levels. Change in depression symptom severity, as
assessed by the Beck Depression Inventory (BDI-Il), was used to measure antidepressant response
and remission status over eight weeks. The relationship between methylation levels and
antidepressant response/remission status was investigated using non-parametric tests, linear, or
logistic regression.

Results: DNA methylation levels at two specific CpG sites within CRHR1 and CRHR2 nominally
differed between responders/non-responders (p=0.06) and between remitters/non-remitters (p=0.05).
Furthermore, when examining these CpG sites, remitters and responders had slightly lower
methylation levels as compared to non-responders/non-remitters.

Discussion: Lower levels of DNA methylation within HPA axis related genes may be associated with
response to antidepressant treatment and improvement in clinical depression. Generally,
hypomethylation in promoter regions is associated with increased gene expression. Thus, lower
methylation levels across promoter regions of CRHRI and CRHR2 could increase expression of these
genes and influence signaling within the feedback loop of the HPA axis. Further pharmaco-epigenetic
studies, incorporating genotypes of functional SNPs within these genes, are required to fully



understand the effect of DNA methylation changes on antidepressant treatment outcome.
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OBJECTIVE: Although studies of genetic diagnostic rates have been undertaken in patient populations
with neurodevelopmental disorders (NDs) and neurological disorders, there is a paucity of literature
on genetic diagnosis in psychiatric populations, particularly the vulnerable population of patients with
concomitant ND and psychiatric impairment. In this prospective cohort study, we investigated the
genetic diagnostic rate in 151 adult psychiatric patients from two centres in Ontario, Canada,
including a large subset (73.5%) with concurrent ND, and performed phenotypic analysis to determine
the strongest predictors for the presence of a genetic diagnosis.

METHODS: Patients 16 years of age or older and affected with a psychiatric disorder plus at least one
of ND, neurological disorder, congenital anomaly, dysmorphic features or family history of ND were
recruited through the genetics clinics between 2012 and 2016. Patients underwent genetic
assessment and testing according to clinical standards. Chi-squared test was used for phenotypic
comparisons. Binary logistic regression analysis was performed to determine which phenotypic
features were predictive of genetic diagnosis types.

RESULTS: There was an overall genetic diagnostic rate of 45.7% in the total cohort, comprising
primarily single gene (18.5%) and chromosomal (15.9%) disorders. Schizophrenia was significantly
more common in patients with chromosomal disorders, while mood and anxiety disorders were
significantly more common in those with single gene disorders. Regression analysis using statistically
significant phenotypic associations showed that presence of a single gene disorder diagnosis was best
predicted by the combination of having a neurological phenotype, specifically seizures and migraines,
mood disorder and family history of ND, while presence of a chromosomal diagnosis was best
predicted by the combination of neurological phenotype, specifically migraines, ND and
schizophrenia.

CONCLUSIONS: Based on the results of this study, we propose a clinical tool to aid physicians working
with the psychiatric patient population to determine which individuals would benefit from genetic
assessment.
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Background: Anxiety symptoms are observed across psychiatric disorders, with these symptoms
leading to worse prognosis. Startle response magnitude increases during states of anxiety, and the
presence of exaggerated startle reactivity is a strong indicator of anxiety disorder. Furthermore, initial
startle reactivity predicts antidepressant treatment outcome in psychiatric populations. Several genes
have shown associations with variations in startle reactivity, and the effect of these genes on anxiety
symptom severity at baseline and following treatment across psychiatric patients has never been
investigated. We hypothesized that startle-related genes will be associated with baseline anxiety
symptom severity and/or the change in anxiety symptoms following 8 weeks of pharmacological
treatment across psychiatric disorders, and in an anxiety disorder subset.

Methods: The sample consists of patients from the pharmacogenetic IMPACT study that provided
salivary DNA samples and had anxiety symptom severity determined by the Generalized Anxiety
Disorder 7-item (GAD-7) scale. We selected 19 genes and 22 SNPs associated with startle reactivity
for a hypothesis-driven gene set analysis. Analyses were conducted in general psychiatric patients
(N=508), and in the subsample of anxiety disorder patients (N=298). Linear regressions were
performed to examine the effect of the SNPs on baseline GAD-7 score and the change in GAD-7 score
after 8 weeks.

Results: Across psychiatric patients, two SNPs, one from MAOA and one from NPSR1, were nominally
associated with baseline GAD-7 score (p(unadjusted)=0.017, 0.023). A SNP from NLGN1 was
nominally associated with the change in GAD-7 score after 8 weeks across the entire psychiatric
sample (p(unadjusted)=0.018). Among anxiety disorder patients, nominally significant associations
with change in GAD-7 score after 8 weeks were found for a SNP from ANK3 and a SNP from CNR1
(p(unadjusted)=0.019, 0.043).

Conclusions: A subset of genetic variants related to startle reactivity is associated with baseline
anxiety severity and the change in anxiety severity following pharmacological treatment across
psychiatric patients. This study provides support for exploring startle-related genes to identify
biomarkers of pathological anxiety and to predict pharmacological treatment response for patients
suffering with anxiety.
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Familial dysautonomia (FD) is an autosomal recessive neurodegenerative disorder caused by a splice
mutation in the gene encoding Elongator complex protein 1 (ELP1, also known as IKBKAP). This
mutation results in skipping of exon 20 and tissue specific reduction of ELP1 protein levels,
predominantly in the central and peripheral nervous system. Although FD patients exhibit a complex
neurological phenotype due to the degeneration of sensory and autonomic neurons, progressive
retinal degeneration severely impacts quality of life. Two different mouse models have been
previously generated to study the retinal phenotype that results from complete loss of ELP1.
However, neither of these models accurately recapitulates the tissue specific defective splicing
observed in FD patients. Our recently developed FD mouse model, TgFD9; Ikbkap™*"™™, was generated
by introducing the human ELP1 transgene with the FD mutation into a mouse heterozygous for a
hypomorphic ELP1 allele and a knock-out allele. This mouse exhibits most of clinical features of the
disease and, importantly, accurately models the tissue specific splicing defects observed in FD
patients. Detailed characterization of the retinal phenotype in this FD mouse model was performed to
investigate the pathology associated with the splice mutation in ELPI. Optical Coherence Tomography
(OCT) analysis to investigate retinal thickness revealed significant reduction in the thickness of the
retinal nerve fiber layer (RFNL) when compared to control littermates. Analysis of retinal morphology
revealed progressive loss of retinal ganglion cells (RGC's) and significant reduction in outer nuclear
layer (ONL) thickness, indicating loss of photoreceptors. RGC cell counting using whole mount retina
was also performed to substantiate the loss of RGC's. Our findings suggest that our novel FD mouse
model will provide a platform in which to test the in vivo efficacy of ELPI splicing modulation to
increase functional ELP1 in the retina.
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Retinitis Pigmentosa (RP) is a rare, genetic eye disorder that cause progressive vision loss. RP has a
slow progression and late onset and, to date, more than 60 causal genes are known. RP diagnoses are
made through ophthalmological examinations. The decreasing cost of next-generation sequencing is
providing opportunities to leverage precision genomics to establish molecular diagnoses for a variety
of human diseases. Given RP’s clinical and genetic heterogeneity, genetic screening may be able to
help pinpoint a genetic cause and facilitate its diagnosis. Because whole-genome sequencing (WGS) is
still cost prohibitive in a clinical setting, we investigated the utility of extreme low coverage WGS
(~0.5X; XLC-WGS) as a cost-effective way to identify causal variants in a multigenerational pedigree
with RP. XLC-WGS was performed in 17 members of this pedigree, including 3 individuals with clinical
diagnosis of RP. The XLC-WGS data was processed using lllumina’s DRAGEN pipeline and filtered
using various genotype quality scores (GQX; no filter, GQX >= 10, or GQX >= 30. The resulting
variants from all 3 analyses were passed to 2 independent variant interpretation tools: Expert Variant
Interpreter from enGenome and Variant Interpreter from lllumina; both analyses applied ACMG-AMP
guidelines. Both programs identified a nonsense mutation (c.1625C>G; p.Ser542Ter) in exon 4 of the
retinitis pigmentosa 1 (RP1) gene on chromosome 8 as the most likely causal variant. p.Ser542Ter
has previously been shown to be causative of a recessive form of RP. XLC-WGS identified 2
homozygous p.Ser542Ter carriers among the 3 sequenced RP cases. This region had insufficient
coverage to identify this variant in the remaining case. In addition to these homozygous carriers, 3
non-affected pedigree members were found to be heterozygous for this variant. Improved sensitivity
in detecting this variant was observed with the less stringent genotype quality score filters. Although
these less stringent filters led to less confident variant calls, coupled with bioinformatic tools to guide
variant interpretation, XLC-WGS was able to identify the disease-causing variant in this family. In
conclusion, in the context of multigenerational pedigrees, where multiple affected and non-affected
individuals are available, we have shown that XLC-WGS is a cost-effective approach that may have
clinical utility in detecting pathogenic disease variants that co-segregate in families enriched for
genetic disease.
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Current universal newborn hearing screening programs do not be designed to detect mild, late-onset,
and drug-induced hearing loss, nor reveal genetic etiology. The NGS-based test can identify human
single nucleotide variations and viral sequence from blood, facilitating the identification of hereditary
and acquired hearing loss patients.

In one of our recent study, we screened newborns for 20 hearing loss-related genetic variants from
2012 to 2017. Then, we followed 12,778 genetically non-negative newborns and revealed a higher
rate of hearing loss by three months of age among referrals from the initial hearing screening (60%
vs. 5.0%, P < 0.001) and a lower rate of lost-to-follow-up/documentation (5% vs. 22%, P < 0.001) in
the genotype-positive group than in the genotype inconclusive group. Importantly, genetic screening
detected 13% more hearing-impaired infants than hearing screening alone and identified 2,638
(0.23% of total) newborns predisposed to preventable ototoxicity undetectable by hearing screening.
Our results proved that incorporating genetic screening improves the effectiveness of newborn
hearing screening programs by elucidating etiologies, discerning high-risk subgroups for vigilant
management, identifying additional children who may benefit from early intervention, and informing
at-risk newborns and their maternal relatives of increased susceptibility to ototoxicity.

Besides, human cytomegalovirus (HCMV) is one of the main contributors for acquired hearing loss.
Previous studies demonstrated when infants with >1 X 10* copies/ml of viral DNA in peripheral blood
were at a higher risk for infection-related hearing loss We then developed an NGS-based test that is
capable of detecting deafness-related mutations and HCMV sequence simultaneously from a
simulated dried blood spot. The availability of the test would facilitate the detection of HCMV in



newborns at birth without an extra cost. Our pilot results showed that the test is sensitive when the
viral load is as low as 1 X 10* copies/ml. Thus, we propose that the test, which concurrently detects
deafness-related mutations and HCMV, is promising to compensate conventional hearing screening
program. A more comprehensive clinical validity and utility analysis is warranted.
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Leukotrienes play a central pathophysiological role in asthma. Recent change in NICE guidelines
recommend using leukotriene receptor antagonists (LTRA) as an alternative to low dose inhaled
corticosteroid (ICS) for both paediatric and adult asthmatic patients. However, 35% to 78% of
asthmatics do not respond to LTRA treatment. Several studies have shown that variants in leukotriene
pathway candidate genes are associated with interindividual variability in response to montelukast, a
selective cysteinyl leukotriene 1 (cysLT1) receptor antagonist.

To test the role of one of these variants, regulatory variant rs2660845 in LTA4H, in the response to
montelukast, we selected and genotyped 88 asthmatics starting montelukast treatment before the
age of 18 from the GoSHARE study cohort of Caucasian individuals in the Tayside and Fife areas of
Scotland. Non-responders were defined as being on montelukast for at least a year with more than
one exacerbation or discontinuing the drug. Responders were defined as taking montelukast for at
least a year with no or one exacerbation. An association analysis of the candidate SNP rs2660845 with
montelukast response was performed using logistic regression and adjusted for age, gender and date
of first salbutamol medication. In addition, a fixed effect meta-analysis was performed on GoSHARE,
BREATHE and Tayside RCT paediatric Scottish cohorts’ results.

A trend was found between LTA4H genotype (regulatory variant rs2660845) and exacerbations in the
GOSHARE cohort (p=0.062). Response to montelukast in the A/A group was higher (OR = 9.4, 95% CI:
0.6752 - 3.216) than those in the G allele carriers (AG+GG). Reported associations in BREATHE
(n=210) and Tayside RCT (n=62) were respectively OR=4.4, 95% Cl: 1.77 - 10.96 and OR=9.6, 95%
Cl: 1.00 - 92.19. Meta-analysis of those results showed a highly significant association between
rs2660845 common variant (f;=0.30) and exacerbation responses to montelukast (OR=5.30, 95% ClI:
2.38 - 11.77, p=4.29x10").

Our study suggested that genetic variation in LTA4H may contribute to variability in montelukast
response. Individuals under 18 years-old carrying the rs2660845 G allele are significantly less
responsive to montelukast treatment, as they have increased risk of exacerbation due to the down
regulation of LTA4H activity. These findings have the potential to help personalise therapy for
individuals with asthma by identifying subgroups of responders to this commonly used medication.
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Background: Global gene expression levels are known to be highly dependent upon gross
demographic features including age, yet identification of age-related genomic indicators has yet to be
comprehensively undertaken in a disease and treatment-specific context.

Objective: To discover genomic indicators specific to response to inhaled steroids in individuals with
asthma by accounting for age-dependent genomic interactions.

Methods: We used gene expression data from CD4+ lymphocytes in the Asthma BioRepository for
Integrative Genomic Exploration (Asthma BRIDGE), an open-access collection of subjects participating
in genetic studies of asthma with available phenotype and gene expression data. Replication
population participants were Puerto Rico islanders recruited as part of the ongoing Genes
environments & Admixture in Latino Americans (GALA II), who provided nasal brushings for transcript
sequencing. The main outcome measure was chronic asthma control as derived by questionnaires.
Genomic associations were performed using regression of chronic asthma control score on gene
expression with age in years as a covariate, including a multiplicative interaction term for gene
expression times age.

Results: The SMARCD1 gene (SWI/SNF-related matrix-associated actin-dependent regulator of
chromatin subfamily D member 1) interacted with age to influence chronic asthma control on inhaled
corticosteroids, with a doubling of expression leading to an increase of 1.3 units of chronic asthma
control per year (95% CI [0.86, 1.74], p = 6 x 10-9), suggesting worsening asthma control with
increasing age. This result replicated in GALA Il (p = 3.8 x 10-8). Cellular assays confirmed the role of
SMARCD1 in glucocorticoid response in airway epithelial cells.

Conclusion: Focusing on age-dependent factors may help identify novel indicators of asthma
medication response. Age appears to modulate the effect of SMARCD1 on asthma control with inhaled



corticosteroids.
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We report on UC Davis Genomic Medicine experience in collaboration with the Rady Genomic Institute
as one of the sites for Project Baby Bear. The Division of Genomic Medicine worked closely with all the
key players in NICU, PICU and UC Davis laboratory including neonatologists, intensivists, nurses, NICU
and PICU nursing managers, residents, fellows and pediatric surgeons. The initial presentation was by
the Rady team in August 2018 during the site visit. This was followed by individual small group
presentation to NICU, PICU and Pediatric surgery teams by the UC Davis Genomic Medicine team and
flyers were distributed to remind them of the opportunity to perform Rapid and Ultra rapid Whole
Genome Sequencing (rWGS & urWGS) through Project Baby Bear. Our Precision Genomic group
established a protocol and created flow charts and smart phrases to facilitate the process of
identification, recruitment, evaluation and sending of genetic tests. As a screening process for Baby
Bear, the PICU and NICU patient list was screened daily to identify potential patients. The UC Davis
Children’s Hospital pediatric team have in general been enthusiastic participants. Using the
inclusion/exclusion criteria provided by Project Baby Bear, a total of 29 patient families have been
approached thus far and 25 have consented; three families declined due to “no interest in genetic
testing.” The clinical presentation of the babies enrolled thus far include arrhythmias, epilepsy,
skeletal dysplasia, hydrops fetalis, congenital diaphragmatic hernia, Hirschsprung disease, congenital
heart defects, distinct facial features, hypocalcemia, seizures, gastroschisis, failed extubation,
tracheomalacia and subdural hematoma/fluid collections. Test results in all 25 individuals have been
received: positive: 8/25 (32%), variant of uncertain significance (VUS): 3/25 (12%) and negative:
14/25 (56%). Finding a positive test result made a difference in the management of all babies in
whom positive test result was identified. Although negative results did not directly influence
management, it prevented further workup for genetic evaluations in the immediate neonatal period
for all individuals. The option of rWGS and urWGS is changing the practice of genomic medicine,
moving care from symptom-based treatment of illness to targeted treatments and predictive
management of potential future health care concerns.
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Next-generation sequencing-based diagnostic tests have been attempted for the diagnosis of affected
individuals with suspected rare diseases. The percentage of affected individuals diagnosed by clinical
exome sequencing is up to 40% in several studies, unfortunately, other ~60% of affected individuals
with suspected rare diseases don’t receive a diagnosis. They will likely lose opportunities such as
optimization of clinical management and early intervention. In this situation, phenotype-driven
differential diagnosis systems such as Phenomizer and GDDP have been implemented in recent years.
These systems provide a ranked list of rare diseases on the basis of the phenotypic similarity between
an affected individual and rare diseases, and the top-listed diseases represent the most likely
differential diagnosis. The performance of these systems is greatly influenced by the quantity and
quality of both underlying databases of disease-phenotype associations (DPAs) and end-user input.

To improve the DPA databases, we developed a text mining approach to extend the coverage of DPAs
and a phenotype-driven differential diagnosis system PubCaseFinder (https://pubcasefinder.dbcls.jp)
using published case reports. A series of experiments showed that the performance of PubCaseFinder
could substantially be improved thanks to the extension of the DPA database, and our proposed
approach is deemed practically useful because manual curation will take enormous time and cost.

Human Phenotype Ontology (HPO) terms are the input to PubCaseFinder as affected individual’s
phenotypes. However, the existence of a huge number of HPO terms including synonyms and
abbreviations preclude the finding of appropriate HPO terms by text search. To address this problem,
we developed PhenoTouch, a new phenotype input assistant tool which was implemented in
PubCaseFinder. We mapped 3,642 HPO terms to 991 FMA terms using external links, and then we
mapped these FMA terms to 2,536 OB] files of BodyParts3D/Anatomography. PhenoTouch facilitates
searching for HPO terms using a human 3D model constructed by these OBJ files. In the case of
selecting the region of the mandible in the human 3D model, users can easily get HPO terms related
to the mandible such as retrognathia, micrognathia, narrow jaw, and broad jaw which do not include
the word “mandible”.

We believe our proposed approach and PhenoTouch will be valuable for improving upon phenotype-
driven differential diagnosis systems for rare diseases.
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Precision medicine aims to leverage genetic data of patients and family members to preemptively
identify disease risks, prevent or manage disease conditions, and tailor therapeutic choices. At the
Regeneron Genetics Center (RGC), we are building a comprehensive database of human genetic
variation which currently comprises of exome sequences of about 500,000 individuals coupled with
deidentified Electronic Health Record (EHR) data. Such data allow us to identify novel and known
genetic variation in the population and systematically evaluate their effect on patient health. To this
end, we have implemented a scalable workflow using Spark Resilient Distributed Dataset architecture
to integrate various databases of clinically relevant variants, such as Clinvar and Human Gene
Mutation Database (HGMD), with RGC'’s ever growing sequencing and EHR data. Our workflow allows
us to query genetic variant databases based on various criteria.

As an example, we discuss our survey of medically actionable variants from the exome sequencing of
50,000 individuals from the UK Biobank. We identify pathogenic (P) and likely pathogenic (LP) variants
in the ACMG59 genes list; a set of genes known to cause or predispose individuals to disease and
where medical intervention is expected to improve outcome(s) in terms of mortality or the avoidance
of significant morbidity. Using a stringently defined “strict” set of pathogenic variants from ClinVar
with an assertion criteria of = 2 stars, we show that approximately 2% of individuals have an
actionable variant. Using more relaxed criteria for defining pathogenic variants provides a larger
estimate ranging from 2 -7%. We further analyze the 239 LP predicted loss-of-function (pLOF) variants
from the strict set (315 carriers, 0.63%) in genes where truncation is the expected mechanism of
disease. We evaluate LP pLOF variants in terms of: 1. Stop causing variants that escape NMD, affect <
10% of the protein, 2. non-canonical splice variants, and 3. start-lost variants with alternate initiation
sites downstream.

We highlight specific considerations for merging different databases of pathogenic variants,
interpreting pLOF variation and the importance of systematic and scalable evaluation of genetic
variants. Combining this approach with EHR data will allow us to evaluate novel variants in known
disease genes, identify incorrectly reported pathogenic variants and refine pathogenic annotations in
terms of penetrance and prevalence.
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Clinical testing guidelines are focused on family history or demographic/ ethic background as
penetrance estimates for inherited genetic disease are often derived from populations with known
disease. It is unknown if disease penetrance in unselected populations will be lower than in selected
populations. Here we report on disease penetrance in three inherited autosomal dominant diseases:
Familial Hypercholesterolemia (LDLR, PCSK9, APOB), Hereditary Breast and Ovarian Cancer (BRCAL,
BRCA2) and Lynch Syndrome (MLH1, MSH2, MSH6, PSM2) in unselected adult volunteers (n =23,709),
who underwent clinical exome sequencing as a part of the Healthy Nevada Project (HNP) in Northern
Nevada (Renown Health, Reno, Nevada) from March 15, 2018, to Sept 30, 2018. We identified more
than 290 carriers of pathogenic/ likely pathogenic alleles, >80% of which have medical records. We
report that over 90% of these carriers are undetected in the medical system with over 80% without
any documented family history. In addition, 26% of these carriers have already manifested with
disease, with a median age of first presentation of relevant disease at age 60, 45 and 62 for HBOC, LS
and FH. When examined more closely, we find that disease penetrance in unselected carriers for LS
and FH is not different from carriers identified from family history. 40% of unselected LS carriers
present with colorectal or other cancers by age 40, similar to disease registries of LS patients. For FH,
we estimate that 50% of unselected FH carriers will present with atherosclerotic related
cardiovascular disease by age 60. We also find BRCA carriers have greatly elevated risk for HBOC.
With ~90% of disease presentation occurs after 40, and 70% before the age of 65, our experience
suggests that a population health based approach to genetic screening in younger patients can
provide substantial clinical, economic, and patient benefit.
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NF1 is a rare genetic disorder affecting ~1:3000 individuals. Almost all patients develop benign
cutaneous and plexiform neurofibromas, but there is also a ~10% lifetime risk for development of
malignant peripheral nerve sheath tumors. In addition 40-60% of afflicted children exhibit learning
disabilities. NF1 encodes neurofibromin and mutations lead to hyperactivation of the Ras pathway.
Current therapeutics primarily target the Ras pathway, but these are not very effective and are
limited by toxicity. NF1 is a large protein and it is unclear how critical regions and domains outside
the well described Gap-related domain (GRD) are for functionality. Potentially, some are dispensable
and can be deleted or skipped through exon skipping which may lead to a truncated but still
functional protein, despite genetic mutation. In silico analysis has identified that 45 of 57 total exons
could be skipped either as a single exon or two consecutive exons while still maintaining the
translational reading frame. We performed additional in silico analysis to predict which exons could be
skipped with minimal loss of NF1 function and maximum therapeutic potential. In efforts to identify
exon skips that are likely to be asymptomatic we pritoritized exon candidates based on: known skips
in unaffected individuals, lack of skips reported in NF1 individuals, and exons that are not within
critical NF1 functional domains. Next, we performed a cDNA functional screen utilizing a novel Nfl
cDNA system to determine the effects of exon skipping on in vitro NF1 expression and GRD function.
Both in silico and in vitro data will be presented. We find that cDNAs representing loss of some exons
are able to maintain GRD function. Furthermore, we note that deletion of some exons leads to lower
levels of NF1 protein expression presumably due to loss of protein stability. We show that after both
GRD function and NF1 expression levels are considered jointly, skipping of specific exons may be
therapeutic. This represents a personalized medicine approach for the treatment of NF1.
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The Genetic Diversity Gap

The future is here but it won’t work for everyone. Specifically, Polygenetic Risk Scores are bringing
precision medicine into mainstream medical practice. Unfortunately, in precision medicine, your data
source is your destiny. Billions of people will get little benefits from DNA based medical
breakthroughs.

Why? 85% of DNA used in research and drug development is from people of European descent. This is
creating “The Genetic Diversity Gap” for the vast majority of people. The Genetic Diversity Gap has
profound implications on access to precision medicine. Future generations of underrepresented
communities face a rapidly compounding problem that will become insurmountable unless we start to
address it today.

Spectrum BioBank is the world’s only diversity-first genome database. We are a non-profit
organization, funded by private donors, fixated on bridging this gap through public awareness of the
problem, directly sequencing contributions from underrepresented communities, and enabling
inclusive research to close this gap permanently.

Uniquely, we build direct relationships with DNA contributors from underrepresented communities so
that our research partners can recontact and engage with these diverse communities. In January of
2020 we'll launch free sequencing for the major underrepresented populations and their extremely
heterogeneous subpopulations (Hispanic-Latinos consists of Mexican, Puerto Rican, South American,
etc. yet another reason we need this research).

We are a multidisciplinary team of experts from Consumer Genetics, Academia, Software
Development, and Customer Acquisition who are passionate about eliminating The Genetic Diversity
Gap.

In this talk we will share our plan to solve the gap, our initial research focuses, and a call to action for
the ASHG membership to help close the gap.
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Background: Sanford Health is using the lllumina Global Screening Array (GSA) towards
implementation of precision medicine and precision public health. GSA allows screening for medically
actionable variants and known pharmacogenomic variants among its 661,125 assays. This system
needs routine checking for proficiency of laboratory technicians, competency of the system in
general, and other potential experiments involving comparisons. In order to facilitate this checking,
we developed a pipeline, using Databricks as a platform, that allows concordance checks between
experimental test results and known standards, confirming that the GSA is performing as expected.

Hypothesis: The GSA requires periodic checking to ensure that the genotyping chip is reporting
correct results. We report a system which can easily run concordance using the cluster computing
framework Apache Spark on Databricks.

Methods & Results: Genotype data is received from the Molecular Genetics Lab in a binary lllumina
GTC format and is converted to a per sample Variant Call Format (VCF) file. All sample data within a
directory is processed into a single dataframe, which allows for rapid concordance calculation. This
allows highly parallel, fast computational analysis of large datasets. The concordance check is done
with variable sets for “truth” and “test” datasets. We use the 1000 Genomes project data as a
standard of truth set. However, our workflow can be used for other purposes, for example, to verify
whether the GSA gives the same results regardless of source tissue, or that the GSA performs the
same at different sample DNA concentrations, or whether the location of where GSA data was
generated matters. GSA data is received and prepared for analyses on the Databricks platform, which
allows highly parallel, fast data analysis of large data sets. The output organizes concordance
according to seven types of genotype discordance and five types of genotype concordance. This can
compare a single GSA run compared with the 1000 Genomes project in as little as 39 minutes. We
have developed a system that automatically runs concordance checks on GSA results, and can
compare with other GSA runs and against a 1000 Genomes truth set. This is beneficial for ensuring
that results are being reported accurately to the patients. GSA results maintain a high concordance
rate with the 1000 genomes project.

Conclusion: We have created a system for automated and easy concordance checking of the GSA
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Advances in next generation sequencing have greatly accelerated the identification of novel disease-
associated gene mutations. However, a prevailing challenge continues to be functional validation of
these variants, particularly for rare diseases. We have established the Zebrafish Genetics and Disease
Models Facility that combines shared expertise and infrastructure at the Hospital for Sick Children;
creating a pipeline from gene identification to functional validation and drug discovery. With a fee for
service, cost recovery model, our facility aims to provide the services required to efficiently generate
and analyze zebrafish models that accurately recapitulate human disease. We use a high throughput
CRISPR-Cas9 mutagenesis system along with high resolution melt (HRM) analysis to generate
mutations in zebrafish that are targeted to putative human disease loci. Additionally, we offer
zebrafish phenotypic analysis and drug discovery services. To date, we have worked with over 29
individual labs to provide our services including generation of over 35 targeted mutations in over 25
zebrafish genes with a success rate of >85%. Here we present the results of our high-throughput
mutation generation effort, as well as the preliminary characterization of our first successful zebrafish
mutant strains.
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Background: Genetic variation contributes substantially to the differences in drug response and in
particular enzyme activity within and across populations. African Americans (AAs) suffer
disproportionately from adverse drug reactions. Using the unique genomic architecture of AAs and
probe drugs for established drug metabolizing enzymes, we uncovered population-specific SNPs that
may explain health disparity in drug response.

Methods: Primary hepatocyte suspension cultures derived from 60 AA were treated with four probe
drugs for specific cytochrome P450 enzymes (CYPs) [midazolam (CYP3A4/5), bupropion (CYP2B6),
mephenytoin (CYP2C19), phenacetin (CYP1A2)] to identify the SNPs associated with metabolite
formation rate (MFR) using genome-wide association and imputed gene based methods.

Results: We performed four GWAS specific to each probe drug and identified rs35672164 (beta: -0.9,
p=6.9x10"°) and rs17882547 (beta: -1.1, p=2.9x10") associated with hydroxy-mephenytoin MFR.
Within GTEX, rs17882547 is a multiple-tissue expressed quantitative trait loci (eQTL) for CYP2C19 and
is also in linkage disequilibrium (LD) with CYP2C19*2, associated with poor clopidogrel response,
reduced phenytoin metabolism and acenocoumarol maintenance dose. rs35672164 is a non-coding
variant within CYP2C18 and is only found in African ancestry populations. rs73993690 (beta: -2.13,
p=8.6x10") was associated with hydroxy-midazolam MFR and is a blood eQTL for PRKCA, a kinase
that plays an important role in hepatic CYP3A4 turnover. rs10411010 (beta:-1.15, p=1.97x107) was
associated with hydroxy-bupropion MFR. Lastly, rs264558 (beta: 1.14, p=2.35x10") was associated
with acetaminophen MFR. Gene based analysis using magma identified CYP2C19 (p=1.13x10"),
CYP2C9 (p=9.34x10°) and CYP2C18 (p=3.34x10") to be significantly associated with hydroxy-
mephenytoin MFR and ZIM3(p=2.44x10"), a Zinc finger-domain gene significantly associated with
hydroxy-bupropion MFR. Zinc finger proteins are major regulators of CYP gene expression.
Conclusion: We identified common population-specific genetic loci that were significantly associated
with probe drug MFR, a clinically relevant endophenotype. The identified genetic loci may represent
regulatory variants that predispose individuals to adverse events related to several different classes
of medications. Our findings may help towards predicting adverse drug events and improving
treatment outcomes in AAs.
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Shigella is a leading cause of moderate-to-severe diarrhea in African and South Asian children and the
causative agent of shigellosis and dysentery. Associated with 80 - 165 million cases of diarrhea and
up to 600,000 deaths annually, exposure to shigella is ubiquitous in many regions while colonization
or infection is heterogenous. To characterize the host-genetic susceptibility to shigella-associated
diarrhea, we performed two independent genome-wide association studies (GWAS) including 589
Bangladeshi infants, 429 from the PROVIDE birth cohort and 160 infants from a Cryptosporidium-
focused study birth cohort in Dhaka, Bangladesh. We classified children as ever having shigella
associated diarrhea or not in the first 13 months of life. A qPCR Ct distribution of the ipaH gene,
carried by all four shigella species and enteroinvasive E. coli, identified a total of 143 infants with a
shigella-associated diarrheal event and 446 infants with no evidence of shigella-associated diarrhea
within their first 13 months of life. Host GWAS’s were performed using the Illumina Infinium 5
Multiethnic Global Array and analyzed under an additive genetic model. A joint analysis (imputed
variants N=6,547,362) identified loci of interest on chromosomes 11 (rs582240, within the KRT18P59
pseudogene, average MAF=29.4%, P =8.37x10°®) and 8 (rs12550437, within the lincRNA
RP11-115/16.1, average MAF=38.1%, P =1.69x107). This study suggests host genetic factors may
influence the response to shigella colonization and pathogen-associated diarrhea. Additional
replication and further research on the function of these genes and their association with shigellosis
and other pathogen-associated diarrheal diseases is warranted.
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Background: Radiotherapy (RT) is the one of the most commonly adopted therapeutics to treat
cancer. Through ionizing radiation, RT primarily causes irreversible DNA damage to tumor cells which
will lead to cell death. Although efforts have been made to improve the quality of RT, a key question
remains to be answered is whether exploiting individual tumor biology could benefit patients
receiving RT. To address this issue, we aimed to develop a new model to predict personalized RT
cytotoxicity score (RT-CTS) using tumor transcriptomics data. This proposed model would then be
able to guide the delivery of individualized treatment strategies.

Methods: We retrieved publicly available NCI-60 cancer cell line data, i.e. gene expression data, and
survival curves. We utilized the linear quadratic (LQ) model to calculate cytotoxicity (). First, a and B
in the 60 cell lines were calculated based on the LQ model. Then gene expression data were used to
predict a and B using linear support vector machine with 10-fold cross validation (CV). Finally, the
performance of the models was validated using two independent clinical data sets of breast and lung
cancer patients. Statistical analysis was based on multi-variable COX regression.

Results: Thirteen and seventeen highly informative genes were selected using max-min Markov
blanket method to predict a and B, respectively. The 10-fold CV R-squared was 0.82 (root mean
square error (RMSE)= 0.20) for a and 0.65 (RMSE= 0.03) for B. Using the LQ model, our predicted a
and B, and each patient’s RT dosing schedule, we calculated a new score, RT-CTS, to estimate the
number of clones of tumor cells killed for each individual patient in the two validation cohorts. In the
lung cohort, patients with a predicted RT-CTS > 10™ (RT-CTS12) had an improved 1-yr local control
(LC) (84.3% vs 57.1%, p<0.001) and overall survival (0S)(4.8 vs 1.9 yrs, p=0.04). In the RT breast
cohort, patients who achieved RT-CTS12 had superior 8 yr LC (91% vs 72% p=0.03) that is significant
on multi-variable analysis (Hazard ratio= 0.29, p<0.014).

Conclusion: Based on gene expression data, we developed and validated a machine learning model
that predicts RT-CTS, an individualized RT cytotoxicity score. The model can be used to provide a
personalized RT dosing schedule given tumor cell expression. This study highlights the importance of
transcriptomics and its impact on personalized medicine.
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Background/Purpose:

Azathioprine (AZA) is widely used to treat rheumatic diseases and for organ transplantation. However,
serious adverse events, such as leukopenia, can limit treatment. Our ability to predict AZA-associated
leukopenia is limited to the evaluation of the enzyme thiopurine methyl transferase (TPMT). We
hypothesize that a risk score comprised of clinical factors and selected candidate gene variants—in
addition to TPMT—could improve the prediction of AZA-associated leukopenia.

Methods:

This is a case-control study using de-identified records from a clinical practice-based biobank at a
tertiary medical center. We identified 425 Caucasian patients who received prescriptions for AZA.
Subjects with a leukocyte count of <4,000 WBC/uL while receiving AZA prescriptions were classified
as cases. Subjects who did not develop leukopenia were classified as controls.

We reviewed the clinical records, collected clinical variables and genotyped 71 genetic candidates of
which 60 passed quality control. We built two scores using the coefficients from multivariate
regressions. The first model was a logistic regression including TMPT status, age, and sex. The second
model also included weight, clinical indication for AZA use, concurrent prescription of other
medications, AZA daily dose, and genetic candidates. To avoid overfitting, we used ridge regression
for the second model.

Results:

216 patients had AZA-associated leukopenia and 209 were control subjects. Younger age, lower
weight, a lupus diagnosis or organ transplant, and being a carrier of the TPMT haplotype were
significantly associated with leukopenia. The area under the ROC curve (AUC) of a score based on a
regression that included TPMT status, age, and sex was 0.59 (95% C.1.: 0.54-0.64). After shrinkage,
the ridge model included 11 clinical and 47 genetic candidates from 8 genes (TPMT, NUDT15, XDH,
MOCOS, ABCC4, ITPA, AOX1, and GST); the AUC of the score from that model was 0.77 (95%
C.1.:0.73-0.82).

Conclusion:

This proof-of-concept study investigates the utility of adding clinical and genetic variables to TMPT to
improve discrimination of the risk for AZA-associated leukopenia. After shrinkage, we were able to
show that a combined model, including clinical and genetic variants, improved our ability to predict
leukopenia. Further studies in larger populations with independent replications are needed to further
develop prediction scores that are useful for routine clinical practice.
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Individualized medicine - the use of molecular, genetic and other patient specific features to
customize patient care - is a paradigm shift in allopathic medicine. There are a number of different
approaches to individualizing care, and multiple institutions throughout the United States have
established programs for implementing various technologies. Pharmacogenomics (PGx) is among the
most advanced and effective forms of individualized medicine to date. PGx utilizes known variation in
drug metabolizing enzymes to predict and avoid certain medications based on an individual’s genetic
makeup. Furthermore, technologies such as programmed clinical decision support (CDS) provide
prescribers with drug-gene interactions and therapy recommendations at the point of care, therefore
making PGx timely, specific, and actionable.

The individualized medicine initiative at Sanford Health - named Imagenetics (merging Internal
Medicine and Genetics) - began offering PGx testing in 2015 starting with CYP2C19 for clopidogrel
activity. An 8-gene prospective PGx panel consisting of CYP2C19, CYP2C9, CYP2D6, CYP3A5, DPYD,
SLCO1B1, TPMT, and VKORC1 was subsequently introduced in 2016. This PGx panel has allowed us to
capture the majority of drug-gene interactions listed in the Clinical Pharmacogenomics
Implementation Consortium (CPIC) guidelines, and additional expansion of PGx tests is currently
underway.

Presently, we offer PGx testing to all patients within the Sanford Health system, which consists of
more than 2 million patients across 9 different states in the upper Midwest. With a centralized
genomic laboratory performing PGx testing across such a large territory, integrated technology is
crucial. To maximize utility of the genomic laboratory data, PGx CDS was integrated into the
electronic medical record (EMR) across the entire enterprise. Furthermore, clinical pharmacist tools
and workflows were implemented to improve efficiency of review. Video conferencing, a centralized
information resources (intraweb), and a robust online education program are a few of the other tools
used to implement and maintain this large PGx program. We present major challenges encountered
during our first few years of PGx implementation, and we propose several novel solutions.
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Pharmacogenetics (PGx) is an important area of precision medicine. Currently, lack of large-scale
exome/genome-wide data precludes clinical application of pre-emptive PGx testing in Chinese. Since
whole exome sequencing (WES) data can be used to extract PGx information for individuals
undergoing a diagnostic test, we analyze known and novel variants in clinically actionable
pharmacogenes in a cohort recruited for the evaluation of pediatric genetic diseases in Hong Kong.

Methods: Sequencing data of 1,091 unrelated Chinese subjects in the HKU Pediatric Exome Cohort
were analyzed using a two-tiered approach. The 1st-tier analysis targeted known PGx variants based
on a curated actionable variants list (PharmGKB Level 1/ ethnic-specific high-confidence variants by
literature search). The 2nd-tier analysis focused on discovery of rare, predicted deleterious variants in
121 genes with PharmGKB Level 1 and 2 evidence.

Results: We identified 34 PGx variants (28.3%) in the curated variant list, comprising of 41 drug-
gene combinations. The most prevalent actionable variant is rs9934438 in VKORCL1 (93.8%), followed
by rs4244285 in CYP2C19 (40.9%) and rs2108622 in CYP4F2 (39.0%). In addition to known variants,
we discovered 106 novel variants in 121 PharmGKB Level 1/2 genes that are i) not found in
PharmGKB; ii) <1% in gnomAD ; and have either iii) CADD>20 or REVEL>0.7 (missense variants) or
(iii) “high-confidence” annotation in LOFTEE (LOF variants). They are implicated in 125 drug-gene
combinations and demonstrate diverse functional effects such as non-synonymous nucleotide
substitution (n=93), premature gain of stop codon (n=9) and disruption of reading frame (n=4). Of
the 1,091 Chinese subjects, 99.3% harbored at least 1 known actionable PGx variant (median=4) and
56.7% had at least 1 novel predicted deleterious PGx variant. Focusing on warfarin PGx, we observed
high occurrence of VKORC1 actionable variants (rs9934438) in Chinese, while actionable CYP2C9
variants were rare compared to Caucasians.

Conclusion: To date, this is the largest Chinese PGx study using WES data. We have demonstrated
the abundance of known and novel functional PGx variants that are potentially actionable clinically.
Since existing large-scale PGx studies include mostly Caucasian subjects e.g. there are only 196
Asians in the eMERGE-PGRNseq study (2.2% of the cohort), this study addresses the unmet research
gap and provides further insights into the PGx landscape of Chinese individuals.
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Problem Statement: Utilizing pharmacogenomic testing (the use of genetics to guide pharmaceutical
choice and dosing) in a pediatric patient population has the ability to reduce adverse drug reactions
ADRs (unexpected reactions to a drug taken at the recommended dose). This type of implementation
has the ability to increase health disparities if racial and ethnic differences in allelic variation, drug
utilization, and patient preferences are not part of clinical utility models. Here we determined how
racial, and ethnic differences affect clinical utility of a model pharmacogenomic implementation.
Methods: We developed a Markov model that simulates a 15 year timeline for a cohort of children, the
perspective of the model was that of the individual payer. Children were assigned to a health state
with three different levels of disease state, healthy, chronic disease, or complex chronic disease. We
assume that genotyping for pharmacogenomic dosing will occur at the time of diagnosis with a
chronic disease. The model was interrogated for the cohort with and without a pharmacogenomic
intervention. The incremental cost effectiveness ratio (ICER) was calculated. Sensitivity analysis was
performed to determine highly influential variables. We further varied the rate of ADRs and the
likelihood of benefit for a pharmacogenomic intervention based on racial and ethnic likelihoods.
Results: The cohort eligible for genotyping was 5366 individuals. With the assumption that genotyping
cost was $250, approximately 22 QALY’s would be saved through genotyping, with an incremental
cost effectiveness ratio (ICER) of $46,777.18. Parameters that are sensitive to racial and ethnic
background such as the likelihood that genotyping would affect prescription dosing, the number of
QALYs lost from an ADR and the likelihood to have an ADR and are highly influential model
parameters (ranked 1st through 3rd) in influence in the sensitivity analysis. Therefore the cost
effectiveness varied with race and ethnicity when estimates of the chance of an ADR and the
likelihood that genotyping would reduce an ADR were varied by racial and ethnic background.
Individuals who were Black or White non-Hispanic were most likely to benefit from a
pharmacogenomic intervention. The highest number of scenarios where cost effectiveness was
achieved (8 and 4 scenarios) while White- Hispanic and Asian groups demonstrated poor cost
effectiveness (1 and 0 scenarios).
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UnitedHealth Group (UHG) has assembled a panel of academic researchers to assist in the
development of a cohort-level pharmacogenomics program for UHG member institutions. The panel
includes a synergy of medical geneticist and pharmacogenticists, charged with identifying drug-gene
pairs with potential pharmacogenetic testing to improve drug efficacy as well as economic outcomes.

A total of six working groups were created based on panel member expertise and research interest,
and paired with UHG data analysts and economists. The goal was to model and compare a
pharmacogenomic test-informed path versus standard care path for each candidate gene-drug pair.
The desired outcome was to select one or two candidates to pilot in a randomized clinical trial across
multiple sites with future studies to follow. The models were informed by published allele frequencies,
evidence-based outcome frequencies, and economic data derived from UHG claims. The models
included evidence provided by Clinical Pharmacogenetics Implementation Consortium (CPIC) and the
Pharmacogenomics Knowledgebase (PharmGKB).

The majority of gene-drug pair candidates contained genes encoding the cytochromes P450 family of
enzymes, including CYP2D6 (opiates), and CYP2D6/CYP2C19 (anti-depressants) with the desired
outcomes of pain relief and number of prescriptions, and Hamilton depression score changes and
number of prescriptions, respectively. CYP3A5 (tacrolimus) was nominated for immune suppression
and less acute rejection of transplants. TPMT (thiopurines), and UGT1A6, SLC28A3, and RARG
(anthracyclines) were nominated for oncology treatment and the reduction of adverse events. Finally,
the HLA region was nominated for abacavir, carbamazepine, allopurinol, phenytoin, and various
adverse drug reactions.



Besides economic modeling, others implementation factors were considered. For instance, an
alternate therapy needed to be identified for an actionable allele. The panel also identified how
quickly return of results were needed for an indication, and the range of physician compliance with
standard of care. National impact was also a consideration. Details of these elements will be shared.
The CYP2D6 (opiates) project was selected as the first pilot, and trial design and site selection are
currently ongoing. We hope our pharmacogenomics program collaboration between academia and
industry will serve as a model, and provide a template for future genomic implementation initiatives.
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Phenytoin is one of the most widely used anti-epileptic drugs, and therefore it is important to prevent
adverse reactions due to phenytoin from happening in order to provide timely therapy. In East Asians,
CYP2C9*3 and HLA-B*15:02 alleles were reported to be associated with phenytoin-induced eruption;
however these results were not readily applicable for Japanese population given the small sample
sizes used in those previous studies for CYP2C9 and also the extremely low frequency of HLA-B*15:02
in Japanese population. In this study, we aimed to investigate the risk alleles in the Japanese
population using the samples and data of BioBank Japan Project. A total of 747 patients were selected
for the analyses, comprising 24 cases and 723 tolerant controls. Cases are the patients who
developed, and tolerant controls are those who did not develop the phenytoin-induced eruption.
Among the 24 patients that had a phenytoin-induced eruption one was with erythema multiforme,
four were with erythema, one with erythroderma, one with fixed drug eruption, and two with
maculopapular exanthema. We genotyped DNA samples of cases and tolerant controls for CYP2C9*3,
CYP2C19*2 and CYP2C19*3, by multiplex PCR, which was followed by Invader assay. HLA-B four-digit
allele genotyping was performed on a Luminex 200 system, using a WAKFlow HLA typing kit.
Subsequently, case-control association tests were conducted on the genotype data for the CYP2C9*3,
CYP2C19*2, CYP2C19*3 and HLA-B alleles. We have found that CYP2C9*3 carrier status was
significantly associated with phenytoin-induced eruption (P=0.0022, odds ratio 7.1, five carriers in
cases (21%) and 26 carriers in tolerant controls (3.6%)). Additionally, significant association was
identified for the HLA-B*51:01 (P=0.010, odds ratio 3.2, nine carriers in cases (38%) and 114 carriers
in tolerant controls (16%)). Lastly, the area under the receiver operating characteristic curve was
improved by 10% by including the HLA-B*51:01 as well as CYP2C9*3 in the predictive model to
predict the risk of eruption which was developed by using multiple logistic regression analysis. Thus,
we conclude that checking the carrier status of CYP2C9*3 and HLA-B*51:01 alleles before starting
phenytoin administration can potentially reduce cases of eruption in clinical practice. This work was
supported by JSPS Core-to-Core Program, A. Advanced Research Networks.
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More than one hundred CYP2D6 star alleles (haplotypes of the CYP2D6 gene) are listed in the
Pharmacogene Variation Consortium (PharmVar) database, but commercial pharmacogenomic
analyses only test for a minor fraction of these, often missing alleles that are common in certain
populations. This is due, in part, to structural rearrangements in CYP2D6 (such as the CYP2D6*36 and
CYP2D6*68 alleles) that require novel analytical tools and custom assay design to guarantee high
confidence allele calls. These arrangements cannot typically be ascertained by off-the-shelf assays.
This gap between alleles that are known to exist and alleles that are reported in tests can lead to
mischaracterization of an individual’s CYP2D6 genotype. In the clinical setting, this misclassification
may result in prescriptions that are harmful to the patient. In the research setting, misclassification
means poor quality input data for association tests. We have developed a clinically validated pipeline
that calls 106 CYP2D6 star alleles listed in the PharmVar database, including CYP2D6*36, CYP2D6*59,
and CYP2D6*68, which occur with nontrivial frequency but are not typically reported. This pipeline is
built on Helix’'s Exome+ assay and achieves over 99% accuracy without requiring orthogonal assay
supplementation. Here we present the results of applying this pipeline to 30,000 exomes, providing
an unprecedented characterization of CYP2D6 genotypic diversity in the US population.
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Sickle cell disease (SCD) is a multisystem genetic disorder that results in organ damage, specifically
in the cardiovascular system (stroke, acute chest syndrome, and kidney dysfunctions), and increased
susceptibility to infections. Thus, most SCD patients are subjected to the long term administration of
hydroxyurea (HU) and opioid therapy in addition to various other medications with variable responses
to such therapies. High variability in individual responses to HU treatment and other therapies of
importance to SCD have been reported. The extend to which polymorphisms in genes involved in drug
absorption, distribution, metabolism and excretion (ADME) contribute in-part to the high
heterogeneity of drug responses has not been explored in SCD patients from African populations.

This study focuses on 32 core and 267 extended pharmacogenes from the PharmacoScan platform to
systematically investigate genetic variations in ADME genes in Cameroonian population. Specifically,
we (1) assess minor allele differences in SCD patients versus ethnically matched Cameroonian
controls (2) evaluate variant associations to a range of clinical factors: a “long survivor group” (age
over 40 years), a “stroke group” (at least one episode of overt stroke), and a “random group”
(patients younger than 40 years with no cerebrovascular disease) and (3) assess correlations between
variants to endophenotypes of therapeutic importance (vaso-occlusive crises (VOC), HU, fetal
hemoglobin (HbF) and stroke) to variants in the core and extended genes.

No statistically significant differences in allele frequencies were detected between SCD cases and
controls, also no correlation between clinical variability and variants in the core genes was detected.
Two SNPs in the pharmacogenes were significantly associated with VOC (SLCO4A1- rs118042746,
p=1.21e-07; UGT1A10, UGT1A8- rs10176426, p=1.22e-07). To our knowledge this is the first study to
report an association between these two SNPs and VOC. In particular no correlation was detected
between variants in the pharmacogenes and key therapeutic indicators such as HbF and variability in
response to HU. This finding highlights the lack of influence of core and extended pharmacogenes in
ADME in African populations, including SCD patients. Therefore, it supports the need to invest in
research exploring population-specific drug design, targeting and efficacy, for improved clinical
management of patients of African descent.
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The practical utility of race and ethnicity in clinical settings remains a matter of considerable
controversy. We explored this issue in the context of pharmacogenomic (PGx) variants, which can be
used to predict how individual patients respond to drugs. Previous studies have shown that PGx
variant frequencies differ substantially among genetic ancestry groups, suggesting group-specific
response probabilities for a number of commonly prescribed medications. However, the extent to
which self-identified race/ethnicity (SIRE) actually serves as proxy for genetic ancestry has been
called into question, particularly for modern populations with high levels of admixture. The goal of this
study was to evaluate the relative utility of SIRE versus genetic ancestry for predicting drug response
in @ modern, cosmopolitan population. We analyzed a cohort of 8,629 individuals from the United
States (US), for whom we had both SIRE information and whole genome genotypes. We focused on
the three largest SIRE groups in the US: White (5,927), Black (1,527), and Hispanic (1,174). Whole
genome genotypes were used to characterize individuals’ continental ancestry fractions - European,
African, and Native American - and individuals were clustered into three groups according to either
(1) their SIRE labels or (2) their continental ancestry profiles. We then explored the extent to which
PGx variant frequencies differ among the SIRE groups compared to genetic ancestry groups. SIRE and
continental ancestry are highly correlated for the major US race/ethnic groups; continental ancestry
alone predicts individuals’ SIRE with 96.24% accuracy. The relationship between SIRE and ancestry
differs among groups, with the highest correlation seen for self-identified Whites and the lowest seen
for Hispanics. There is substantial variation of PGx variant frequencies among both the SIRE and
ancestry defined groups, consistent with the influence of population structure on drug response. Use
of continental ancestry, an objective measure of genetic diversity, does not yield an overall increase
in PGx variation compared to the more subjective SIRE labels. Nevertheless, the utility of SIRE as a
PGx predictor is dependent on the specific group; racial groups carry more information than the pan-
ethnic Hispanic label. Our results demonstrate that SIRE contains clinically relevant information on
predicted responses to certain medications, which remains useful in the absence of patient genetic
data.
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Recruitment of diverse populations and patients living in Medically Underserved Areas and
Populations (MUA/P’s) into clinical trials is a considerable challenge. For example, representation of
African Americans in pharmacogenetic trials are often low and insufficient to identify genetic variation
within and between racial populations. Thus, less information is often available about genetic
variation that impacts drug responses in these patients. To identify variables that predict enroliment
in a diverse underserved population, we analyzed the recruitment data from the INGENIOUS
pharmacogenomics implementation clinical trial. We used a predictive logistic model to test variables
in patients from the Eskenazi Health (EH) and Indiana University Health (IUH) care systems that
predict successful enrollment into the trial, after patients were successfully contacted by research
recruiters. We also evaluated the reasons why clinical trial eligible patients refused enroliment. At EH,
1) African Americans were less likely to refuse the study than nonHispanic-whites, (OR 0.68, 95% ClI:
0.53-0.86), p=0.002. 2) Other minorities were more likely to refuse the study than nonHispanic-
whites, (OR 1.58, 95% Cl: 1.02-2.45), p=0.04. 3) When age increased by 1 year, the odds of refusing
the study increased by 2%, (OR 1.02, 95% CI: 1.02-1.03), p<.001. At IUH, 1) African Americans were
also less likely to refuse the study than nonHispanic-white participants (OR 0.64, 95% CI: 0.53-0.76),
p<.001. 2) As age increased by 1 year, the odds of refusing the study also increased by 2% (OR 1.02,
95% CI: 1.02-1.03), p<.001. 3) Females were less likely to refuse the study than males (OR 0.81, 95%
Cl 0.72-0.95), p=0.01 and 4) those not living in MUA/P’s were less likely to refuse the study than those
living in MUA/P’s (OR 0.81, 95% CI 0.70-0.94), p=0.007. Barriers to enroliment from prospective
patients include a lack of interest, being too busy, transportation and iliness, and rarely a lack of trust.
The successful recruitment of diverse patients was likely due in part to the exposure to many
research studies across the sites and recruitment by diverse and skilled clinical researchers. In
conclusion, diverse and underserved populations can be effectively recruited to pharmacogenomic
clinical trials and addressing barriers that prospective patients reported may increase participation
across all populations, even more.
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Many statistical methods have been developed for SNP-set analysis in sequencing studies, mainly
focusing on discovering prognostic genetic markers. However, a patient’s clinical outcomes may be
influenced by either prognostic, predictive or both factors in pharmacogenomics (PGx) scenarios. Very
few statistical methods were developed to jointly test the SNP-set-based main genetic effect and the
genotype by treatment interaction effect. Here we propose a Cauchy Combined Composite Kernel
Association Test (CC-CKAT), a fast and powerful composite kernel machine regression method for the
joint effect test by leveraging the efficient computation advantage of the recently developed Cauchy
p-value combination method. First, an adaptive weighting method is proposed to construct the
multiple composite kernels capturing the potentially unbalanced strength proportions of the main
effect and interaction effects and then the individual composite-kernel-level p-values are combined
using the Cauchy p-value combination method. The proposed CC-CKAT method is compared with the
existing method rareGE and another method CKAT we have recently developed, which adopts the
same composite kernel machine regression framework; but uses the minimal p-value (minp) approach
to calculate final p-value. Through analysis of extensively simulated data and the whole exome
sequencing data from a Merck PGx study with the Clostridium difficile Infection recurrence in patients
treated with bezlotoxumab, we demonstrate that the proposed CC-CKAT provides better type | error
control and power performance across multiple scenarios and runs much faster than the alternative
methods.
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Uterine fibroids affect up to 70% of women by menopause, disproportionately impacting black
females. Prior studies have investigated a limited set of clinical factors associated with fibroid risk in
both groups. Moreover, the genetic relationship underpinning fibroids and other diagnoses remain
unexamined. Electronic health records (EHR) and publicly available genome-wide association study
(GWAS) data provide a unique opportunity for a comprehensive, agnostic investigation of the fibroid
phenome and genetic correlations. Utilizing the Vanderbilt University Medical Center EHR database,
cases and controls in black (N = 3,568 cases; 12,521 controls) and white women (N = 7,577; 60,296)
were identified using a validated method verified by imaging. We conducted race-stratified phenome-
wide association studies (PheWAS) to test for association of fibroid case/control status with diagnostic
code-based outcomes in models adjusted for body mass index (BMI) and age at diagnosis. We
grouped outcomes into standard categories and tested for over- and under-representation and effect
direction using hypergeometric and sign tests. We identified publicly available GWAS for significant
PheWAS associations and known fibroid risk factors such as BMI and hypertension. Using LDScore
Regression and our own fibroid GWAS summary statistics, we estimated the genetic correlation
between traits. We detected 228 and 444 diagnoses that were significantly associated with fibroids in
blacks and whites, respectively. Associations were over-represented in the genitourinary category
(blacks P = 1.03 x 10 *° whites P = 1.03 x 10 **). Odd ratios of significant diagnoses in
dermatological, genitourinary, endocrine/metabolic, and musculoskeletal categories trended in the
risk direction. Across racial groups the most significant PheWAS associations were known fibroid
symptoms (e.g. excessive menstruation, P < 1.0 x 10°’*; dysmenorrhea, P < 2.58 X 10™). We also
detected numerous novel associations including malignant and benign cancers, endometriosis, and
coronary atherosclerosis (P < 2.56 x 10" for blacks and whites). We did not detect any significant
fibroid-trait genetic correlations in either race, though we observed a suggestive negative relationship
of fibroids with type 2 diabetes in blacks (r, = -1.21, P =0.09). These results provide novel insight into
the fibroid phenome. More thorough analyses of genetic correlations are underway.
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Background: Preemptive pharmacogenomics (PGx) leverages lifelong reusability of genomic data to
guide downstream prescribing and individualization of medications. Advancements in technologies
now offer varied approaches for testing of PGx. The present study sought to evaluate performance of
whole genome sequencing (WGS) and probe-based testing by concordance of variant-level calls,
particularly in clinically important genes, with a CLIA-certified reference lab.

Methods: In an IRB-approved volunteer study, blood and saliva samples were obtained. Control DNA
samples were purchased (Coriell Institute, Camden, NJ) to test rare and structural variants. Samples
were blinded and analyses were performed by a CLIA-certified reference lab (n=94, OpenArray,
Indianapolis, IN), ThermoFisher Scientific (=94, PharmacoScan, Santa Clara, CA), and UPMC Genome
Center (n=72, WGS, Pittsburgh, PA). Raw data, VCF files generated through Axiom Analysis Suite v4.0,
and genomic VCF files were compared between labs, respectively. Concordance was determined as
number of matching variant-level calls divided by total calls, excluding undetermined, failed, and no
calls.

Results: A total of 111 and 114 variants analyzed by PharmacoScan and WGS, respectively, were
evaluated for concordance with the CLIA-certified reference lab’s clinical array. Variants were
represented in 10 clinically important genes with high levels of evidence. CYP2D6 copy number
variation (CNV) was evaluated between PharmacoScan and the CLIA reference lab. Overall variant-
level concordance between PharmacoScan and the CLIA reference lab (n=91) was 99.7% and CYP2D6
CNV reached 100% concordance. Paired blood and saliva samples (n=20) tested on PharmacoScan
were 99.7% concordant. Variant-level concordance between WGS and the CLIA reference lab (n=72)
reached 96.14% and differed primarily in CYP2D6.

Conclusion: Both testing approaches had high overall concordance between platforms. PharmacoScan
was also highly concordant within platform in paired blood and saliva samples. Given clinical
importance of CYP2D6, probe-based testing may be considered more favorable than short-read
sequencing for PGx testing at this time. Integration of the PharmacoScan solution for clinical
implementation of PGx is underway.
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Background: Physicians are becoming increasingly interested in electronic clinical decision support
(CDS) for precision medicine. Improved decision support delivered through use of real-time
information that combines clinical and pharmacogenomics (PGx) data has the potential to improve
physicians’ ability to make personalized drug therapy decisions. CDS embedded in the Electronic
Health Records (EHR) systems, that connected with Laboratory Information System (LIS), might
provide a potential for delivering such support of interpreting patient specific genetic data for
precision medicine.

Methods: A PGx CDS was developed and built to support personalized drug therapy. The PGx
knowledgebase was built based on FDA, CPIC, PharmGKB data to provide accurate clinical
interpretation. Multiple EHR/EMR systems were integrated with LIS utilizing HL7 messages, system
API, etc. The prototype CDS was developed within Cerner environment. AWS instances and S3 buckets
were used to build mobile application and data warehouse for a crisp, secure, HIPAA compliant APP
which can be accessed by physicians and patients.

Results: An active CDS was implemented with alert messages in the Cerner’s medication order entry
context to provide support for prescribing decisions. For a patient who had Admera’s PGxOne Plus
test, the patient’s personal results will be incorporated within Cerner’s system, where a physician
would receive an alert message if the prescribing medication has a non-normal clinical interpretation,
such as consider alternatives or dosage change. A semi-active CDS was implemented with drug
interaction warning messages in the Admera APP’s Modify Current Medication menu. A physician
could modify his/her patients’ current medication list to check if there would be any drug to drug
interaction, drug to food interaction, drug to alcohol interaction, etc. before finalizing.

Discussion: With the experience of prototype CDS within Cerner environment, an improved solution
to host a data warehouse with Fast Healthcare Interoperability Resources (FHIR) API that contains
clinical interpretation data from LIS has been proposed. This solution can provide standardized
interpretation data to different systems with minimum compatibility requirement. This in turn will
constitute the core component of integrating precision medicine into clinical practice.
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Introduction: Genetic testing is increasingly used in standard clinical practice for most clinical
disciplines. However, genetic tests are expensive and/or must be rerun when additional clinically
relevant variants/genes are identified. Dense genotyping arrays (such as GSA or PMDA) cover a large
portion of genetic variation and provide a cost-effective, high-throughput and highly standardized
alternative. In the GOALL project, we are determining the clinical utility and applications of
genotyping arrays.

Methods: We investigate the clinical utility of the GSAMD _v2 and PMDA arrays by: 1) technical
validation of common (vs. WES) and rare variants (vs. clinically determined genotypes by different
methods), 2) prospectively offering polygenic risk scores (PRS) as primary utility in daily clinical
practice, 3) prospectively counseling and testing eligibility of feeding back secondary findings
(pharmacogenomics, ACMG mutations) using array based genotyping. We are piloting these
applications in collaboration with the departments of Oncology (breast cancer), Ophthalmology (age-
related macular degeneration), Clinical Chemistry (pharmacogenomics), Clinical Genetics (counseling)
and Public Health within the Erasmus Medical Centre.

Results: The GSAMD_v2 array contains 12,755 clinical variants from the ClinVar database. Our
preliminary results suggest that >90% of the clincal mutations and >80% of the pharmacogenetic
markers routinely determined in our hospital are covered by the array design (e.g. APOE, MTFHR, F5
and HLA/CYP450 etcetera). We are currently selecting carriers of clinically relevant mutations to
check genotyping concordance. Comparison of array vs. WES of 197 population samples shows an
overall non-reference concordance of 98%, and 95% for singletons among ~30,000 directly
genotyped variants and respectively 97% and 93% among ~150,000 imputed variants (QUAL>0.8).
Discussion: Our preliminary results suggest that a portion of current hospital-wide clinical genetic
testing can cost-effectively be replaced by array-based genotyping. In addition to reporting highly
concordant results, array-based genotyping allows additional reporting of several PRS and
pharmacogenomics (HLA/CYP450). This data can easily be stored and re-analyzed when additional
genetic loci or PRS are identified, or unblinded when a patient needs further genetic testing not part
of the initial primary clinical question.
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As Precision Medicine moves closer to routine clinical practice, new methods to produce and deliver
complex, heterogeneous data to physicians and patients are required. As part of the eMERGE IlI
project, we have built a network of eleven participant collection sites and two clinical genetic testing
laboratories, which has served as an ideal environment to implement, develop and evaluate such
methods. DNA capture panels targeting 109 genes and 1500 SNP sites were used for testing DNA
from 25,015 participants and the sample collection, data generation, variant interpretation, report
generation, report delivery and data storage were each harmonized. A compliant and secure
environment was provided for storage of clinical reports, which contain participant PHI, and we
employed system of ongoing review and reconciliation of clinical variant interpretations. Variant
information was also deposited into ClinVar. Throughout the project, a high level of communication
and data sharing between clinicians and investigators provided feedback on these systems.

Two hundred and six participants had positive diagnostic findings relevant to the indication for testing
while 1,276 had additional/secondary findings of medical significance deemed to be returnable,
establishing data return rates for other testing endeavors. This study accomplished the creation of
harmonized structured genomic results that is enabling efforts to integrate these results into multiple
electronic health record systems, setting the stage for clinical decision support to enable genomic
medicine. Clinical sites also evaluated pharmacogenomic data, with one opting to incorporate it into
their medical records. The established processes enable different sequencing sites to harmonize
technical and interpretive aspects of sequencing tests, a critical achievement towards global
standardization of genomic testing. Many eMERGE protocols and tools are available for widespread
dissemination.
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Background Dental diseases account for a large morbidity burden and healthcare spending, while
their proteomics characterization remains largely unknown despite that variation in multiple plasma
proteins represents a variety of important biological mechanism and is a major source for drug
targets. Recently published studies identified genetic basis of human plasma proteome, potentiating
studies on causal inference between proteins and complex disease traits with a help of Mendelian
Randomization approach (MR). Emergence of such studies opens new horizons to generate
hypotheses about potential novel drug targets for complex diseases, including for key dental
diseases. The aim of the study was to assess the causal effect of plasma proteins on oral health
Methods We used two-sample MR approach to estimate effects of proteins for the two major dental
diseases: caries and periodontitis. We utilized summary statistics from meta-analysis of GWAS with
clinical and self-reported data for periodontitis and caries (Shungin et al, 2019), and summary
statistics from GWAS for proteins (Sun et al, 2018). We constructed instruments for each protein using
common variants (MAF > 0.01) associated with the plasma protein levels at two significance
thresholds (p<0.01 and p<1e-05) and located in the respective encoding genes or 300 kb flanking
regions followed by pruning (r2<0.1). Two sample inverse-variance weighted (IVW) MR was used to
test for causal associations between proteins and dental phenotypes. Sensitivity analyses using MR-
Egger and the weighted median estimator were used to correct for possible pleiotropic bias.

Results Around 1100 proteins had 3 or more SNPs that were used as instruments in the MR analyses.
We identified several proteins implicated in caries and periodontitis at the stringent significance level
(p<1e-05). Among the prioritized causal associations, we observed targets that have been previously
implicated in etiopathology of dental diseases, such as LCT (beta,,,=0.014, P=1.55e-17) and AMY1
(beta,,,=0.03, P=9.5e-11) for caries, and SIGLEC14 (beta,,,= -0.01, P=7.2e-06) for periodontitis,
confirming validity of the utilized prioritization approach for pQTLs. We have further identified
previously not reported proteins implicated in caries and periodontitis that might serve as potential
drug targets.

Conclusion This study highlighted causal roles of protein biomarkers for the two key dental diseases
using MR analysis, pointing at potential drug targets.
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Purpose: Ritodrine, a tocolytic B2-agonist, has been used extensively in Europe and Asia despite its
safety concerns. This study aimed to examine the contribution of most frequent single nucleotide
polymorphisms of G-protein Kinase 5 (GRK5) to efficacy and adverse effect of ritodrine in preterm
labor patients.

Methods: A total of 164 preterm labor patients were included in this study. Seven single nucleotide
polymorphisms of the GRK5 gene (rs915120, rs2230345, rs2230349, rs7923896, rs1020672,
rs4752308, and rs4752292) were assessed. The primary endpoints were time to delivery and
proportions of women who remained undelivered. The secondary endpoint was ritodrine-induced
adverse drug events (ADEs). To predict the possible effects of given variants on splicing, in silico
analysis was performed.

Results: The mutant type homozygote carriers of rs4752292 and rs1020672 had 0.6 times the
hazard of delivery than those with the wild-type allele (95% Cl, 0.41~0.98 and 0.38~0.97,
respectively). Proportions of patients who remained undelivered at 7 days after initiation of ritodrine
therapy were significantly higher in patients with variant homozygote carriers of rs4752292 and
rs1020672 than the wild-type allele carriers. In addition, patients with variant homozygotes of
rs4752292 and rs1020672 had 2.5- (95% Cl, 1.15-5.28) and 2.3-fold (95% ClI, 1.06~5.13) ADEs
compared to those with the wild-type carriers. In silico analysis showed that both rs4752292 and
rs1020672 had the potential to affect mRNA splicing by alteration of splicing motifs.

Conclusion: This study demonstrates that the pharmacodynamics of B2-adrenergic receptor targeted
therapy is associated with GRK5 polymorphisms in patients with preterm labor.
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Decomposition of transcriptome matrixes has been useful to understand the biological processes
underlying tumor heterogeneity, tissue specificity and responses to perturbations. Here we apply a
Bayesian tensor decomposition approach to the transcriptome (three axes correspond to individual *
drugs * genes) measured on 60 African American (AA) primary hepatocytes before and after treating
with 6 different enzyme-inducing drugs in order to understand commonalities and specificities
underlying transcriptomic changes to drug exposures.

We identified 5 robust latent components (C1-C5) through hierarchical clustering of the components
across 10 runs. The clustering of the robust components confirms known drug similarity
(Carbamazepine and Phenytoin have a common mechanism of action for the treatment of epilepsy).
Omeprazole has the largest divergence from other drug expression profiles and is enriched in C5
which was highly weighted for differentially expressed drug metabolism genes, CYP1A1 and CYP1B2.
CYP1A1 is responsible for the metabolism of estrogens, which are known to differ between
populations. Altered enzyme activity has been liked to breast, colon and ovarian cancers, all of which
show profound health disparities. C1 highly differentiates Omeprazole from phenytoin and was
enriched in genes related to response to cytokines. C3 corresponds to gender differences which
feature XIST. Interestingly, the weight of C3 is higher in drug treatment conditions compared with
baseline, suggesting that gender difference in gene expression is enlarged upon drug treatment.

We also performed genome-wide association analysis using these derived components as the
phenotype. We found associations between C1 and rs2518683 and the SNP is previously associated
with platelet count (p=2.649e-07). C1 has the highest component in phenytoin which is known to
cause thrombocytopenia (decreased platelet count). Importantly, this cardiovascular phenotype is
highly relevant to AAs.

Together, our tensor decomposition analysis, 1) illustrates the structure of hierarchical similarity of
expression profiles with drug treatment 2) extracts rich features specific to individuals and drugs as
well as clinically important underlying genes. These findings highlight the potential of applying tensor
decomposition to multi-omic datasets such as GTEx and CMap to deconvolute the effects of the
individual, condition and their interaction with respect to the transcriptome variation.
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Drug-induced hypersensitivity reactions are life-threatening adverse events that have been strongly
associated with specific human leucocyte antigen (HLA) alleles. Among the reported
pharmacogenomic HLA risk alleles, clinical practice guidelines and/or FDA/EMA testing
recommendations are currently available for HLA-B*57:01 (abacavir), HLA-B*15:02 (carbamazepine,
phenytoin) and HLA-A*31:01 (carbamazepine), and HLA-B*58:01 (allopurinol). However, routine HLA
typing for pharmacogenomic risk prediction is not cost-effective due to the technical challenges with
interrogating the polymorphic HLA gene region. To facilitate pharmacogenomic HLA allele screening,
previous studies identified single nucleotide polymorphisms (SNPs) in linkage disequilibrium with the
most relevant HLA risk alleles; however, these proxy-SNPs have inadequate sensitivity across multi-
ethnic populations and poor specificity, which has limited their use in clinical practice. To identify a
multi-ethnic panel of proxy-SNPs for HLA-B*57:01, HLA-B*15:02, HLA-A*31:01 and HLA-B*58:01,
publicly available whole genome sequencing and HLA typing data from the 1000 Genomes (1KG)
Project were interrogated. The sensitivity and specificity of all SNPs in the MHC region (n=608,256)
were initially assessed across a multi-ethnic subset of 1KG subjects (n=1079), which identified a
panel of 18 proxy-SNPs that detected the four pharmacogenomic HLA risk alleles with a mean
sensitivity and specificity of 99%. Selected false positive and negative 1KG samples were clarified by
confirmatory genotyping (Agena Bioscience), which resulted in the proxy-SNP panel having sensitivity
and specificity >99% for HLA-B*57:01 (N ,ies=09; Ngyps=8), HLA-B*15:02 (N ,1iers=65; Ngyps=3) and
HLA-A*31:01 (N . iers=88; Ngyp=4); and >95% for HLA-B*58:01 (N_,ers=77; Neyp=3). The validity of the
proxy-SNP panel was confirmed in an independent 1KG subset (n=1425), and in the combined cohort
(n=2504) the majority of proxy-SNPs had 100% sensitivity and 99% specificity for the four
pharmacogenomic HLA alleles in the Asian, European and Hispanic populations. Importantly, the
panel also included proxy-SNPs with 98% sensitivity and specificity for HLA-A*31:01 and HLA-B*58:01
in the African population. Taken together, these data indicate that the identified novel proxy-SNP
panel could enable cost-effective and rapid genotype-based screening to predict pharmacogenomic
HLA allele risk in diverse patient populations.
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Drugs with therapeutic mechanisms supported by human genetic evidence are more likely to succeed
in clinical development. We have recently shown that this increase in success depends on the
strength of evidence for a specific causal gene, but most significant disease-associated variants from
genome-wide association studies (GWAS) occur in noncoding regions of the genome and have
uncertain causal genes. Candidate causal genes may be identified through physical distance to the
variant, through follow-up experiments, or through leveraging publicly available resources on variant
function. However, there remains a question of how to weight different evidence sources. We sought
to develop models to estimate causal probabilities using the curated set of genetic associations from
the Online Mendelian Inheritance in Man (OMIM) database. We posited that modest-effect regulatory
GWAS variants would to a degree be phenocopied by more severe Mendelian mutations in the
relevant causal gene. We take advantage of the EFO ontology to automatically generate a set of
positive labels for GWAS candidate genes with OMIM genetic associations for similar traits. We train
models to predict these labels from candidate gene link properties. We find such positive labels,
though only applicable to a minority of significant GWAS associations, are significantly more frequent
than predicted by chance, even when excluding OMIM entries for complex diseases. We estimate a
decay in causal gene probability as a function of distance from the gene boundary that is similar to
the relationship between distance and regulatory QTL position. We also find a significant, positive
effect of colocalization of the GWAS signal with gene expression QTL and positive effects of coding
variants in the gene. We show we can outperform models in which the closest gene is assumed to be
causal and models in which the causal gene is randomly selected from a set of possible candidate
genes when predicting OMIM positive labels. As further validation of our approach for utility in
pharmaceutical applications, we use estimated causal gene probabilities derived from the model
output to quantify human genetic evidence for target involvement in a set of drug indications. We find
that accounting for human genetic evidence in this way improves our ability to distinguish drug
targets from non-targets and increases the estimated effect of genetic evidence on target-indication
pair approval probability.
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Introduction

The Colorado Center for Personalized Medicine (CCPM), has worked with Illumina to design the
Infinium CU Custom MEGA-Ex (CU-MEGA) genotyping array with 45,000 custom variants, including
over 200 additional pharmacogenetic variants. CCPM proposes to return pharmacogenetic results
directly from the CU-MEGA chip back to patients, which requires validation from control samples with
previously determined genotype calls. We've developed an algorithm that selects the fewest number
of reference samples required to accomplish this goal.

Methods

We selected a set of variants of interest from CU-MEGA in common with 1000 genomes (TGP) Phase 3
data also in Coriell (2388 samples), and then split by sample. We then calculated genotype counts per
sample per variant, such that each genotype count is either 0 or 1 using PLINK/Seq. Then for every
subject, “Patient 0”, we chose the sample with highest number of 1's discrepant with “Patient 0”,
replaced 0’s from “Patient 0” with 1's from “Patient X”, and repeated until the number of
discrepancies is 0, and tallied the number of subjects required to reach 0. For each subject, we
repeated 50 times to account for random ties. We then saved the “Patient 0” with the lowest tally for
a list of Coriell samples to order. To reduce the number of files generated, we deleted files for “Patient
0” if the tally is greater than the lowest tally generated thus far. If there are multiple samples with the
lowest tally, we further filtered by choosing a set of samples most unrelated with most ethnic
diversity.

Results

For this experiment, we chose 169 variants from PharmGkB in common with both CU-MEGA and TGP.
The algorithm produced a 5-way tie with 78 samples minimally required to view all genotypes
available in the Coriell and TGP databases. The most diverse dataset included 21 AFR, 6 AMR, 19 EAS,
17 EUR, and 15 SAS.

Conclusions

This algorithm can be expanded to any set of variants, reference samples and/or genotyping panel.
This algorithm cannot validate genotypes not included in the reference dataset. CCPM plans to utilize
this algorithm iteratively as new genotyping platforms and new clinical information are released.
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Detection of copy number variation (CNV) is challenging in members of highly homologous gene
families. RHD, one of the two genes underlying the Rh blood group system, has very high homology to
RHCE. The frequent deletion of RHD underlies the D-/- type, the most critical locus for red blood cell
matching for transfusion after the ABO one. CYP2D6, involved in the metabolism of 25% of all
prescribed drugs, is highly homologous to a pseudogene, CYP2D7.

Sequence similarity or identity between gene family members makes copy number calling very
challenging. This is even more difficult when the off-target sequence match is to a region with its own
copy number or SNP variation. RHD copy number calling suffers from the first problem. Although
RHCE copy number changes are extremely rare, there are relatively few regions of RHD unique to this
gene. CYP2D6 copy number calling additionally suffers from the second problem, in that copy number
variation in the CYP2D7 pseudogene can be confused with copy number changes in CYP2D6. In both
cases, careful probe selection improves results, while proactively eliminating less useful probes from
the array yields better data while using less space.

Using data from the Applied Biosystems™ Axiom™ PMD Array, which has extensive coverage of both
RHD and CYP2D6, we applied both empirical and analytical methods for CNV probe selection. A set of
360 samples from the HapMap and 1000 Genomes Project collections was studied. Samples were
selected in part for CYP2D6 copy number diversity, and RHD deletions were very common as well.
Accuracy was evaluated by comparison to TagMan assays and publicly available copy number data.
We found that analytical methods that take into account the length of the genomic homology were
predictive of CNV probe performance. Based on this and empirical performance metrics, we identified
a reusable, space-efficient RHD CNV module with close to 100% accuracy in the samples studied. CNV
calls in CYP2D6 exon regions were also found to be highly accurate, validating this approach for
further copy number detection-oriented arrays focused on complex gene families.
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In modern medicine and patient-centered treatment, clinical applications of genetics have evolved to
be more than just understanding the cause of rare inherited diseases. With advancements in the field
of genomics and genetic testing, many believe that future healthcare providers should also have the
ability to understand and analyze personalized information based on a patient’s genetic profile. This
has prompted a shift in medical education, starting with pre-med pedagogy, with genetics curriculum
being the center of this shift.

In the Department of Biomedical Sciences at Marquette University, we offer a human medical genetics
course that follows the medical knowledge competencies proposed by the Association of Professors of
Human and Medical Genetics (APHMG). Here, we discuss and share the curriculum offered by our
department, which starts with an introduction to the human genomic structure and includes topics
such as epigenetics, Mendelian disorders, complex genetic disorders, and pharmacogenetics. High
impact teaching practices such as case studies are used, some of which will be shared. The objective
is to start a conversation to solicit feedback and information from other clinicians, geneticists, genetic
counselors, and educators by asking the following questions: What can biology educators do to
prepare undergraduate students for their future professional career as health care providers? What
educational practices will best help our pre-health undergraduate students? Do we have to reform
genetics classes at the college level to better prepare our pre-health students?
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Pharmacogenetic testing is an integral part of precision medicine. By acting on the results of a
pharmacogenetics test, a clinician can identify responders and non-responders prior to or during
therapy, avoid adverse events, and optimize the initial drug dose.

Currently, 262 drugs have pharmacogenetic information in the FDA label. However, this information is
not provided in a standard format and may not be actionable (when to test may not be addressed,
and dosing alterations may not be provided).

Because it is often at the clinician’s discretion whether to test a patient before starting therapy, it is
important to have access to a peer-reviewed, up-to-date summary of the latest literature, a quick
review of the drug, and how to use the patient’s genotype to guide therapy.

Medical Genetics Summaries (MGS, https://www.ncbi.nlm.nih.gov/books/NBK61999) unites the latest

drug and gene information with dosing recommendations from the FDA and professional and medical
societies. All 46 summaries include information from the FDA label, 18 have dosing recommendations
from the Dutch Pharmacogenetics Working Group (DWPG), 14 have recommendations from the
Clinical Pharmacogenetics Implementation Consortium (CPIC), and 3 have recommendations from the
American Society of Clinical Oncology (ASCO).

By centralizing dosing guidelines, MGS provides supplemental information when the drug label lacks
pharmacogenetic dosing recommendations. For example, for the chemotherapy drug capecitabine,
both the FDA label and CPIC guidance agree there is no safe dose for individuals who lack DPD
activity. However, for individuals who have partial DPD activity, CPIC provides dose recommendations
whereas the FDA states there is insufficient data for dose alterations.

MGS simplifies the implementation of precision medicine by explaining the influence of genetic
variant(s) on the metabolism and action of a drug, and linking to relevant tests in the NIH Genetic

Testing Registry (GTR, https://www.ncbi.nim.nih.gov/gtr/).

The GTR currently has 59,597 orderable genetic tests, voluntarily submitted by testing labs from
across the world. Of these, 407 are pharmacogenetic tests, testing for at least one drug response,
with some tests analyzing a panel of genetic variants, accounting for over 100 drug responses.
Approximately 99 drugs from the FDA list have tests in GTR. There are also tests for 50 drugs not in
the FDA list.

MGS and GTR are free, easy to use, and can help you optimize your care delivery.
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Genome-wide association studies have discovered thousands of novel genetic associations for a wide
variety of diseases. Even though most of the association effect sizes are small, genetic risk scores
(GRS) combining genome-wide information into single risk estimators have shown to describe big
enough proportions of genetic variability of diseases to be considered as tools for clinical practice.
Despite of their prognostic abilities, GRS are still treated with skepticism in medical community and in
many cases disease family history is considered to be the best possible tool for disease prediction.
Also the prognostic value of GRS is disputed in the light of their low specificity.

Using Estonian Biobank data (N=150,000) which contains approximately 18,000 parent-child duos
and several example disease risk scores (type 2 diabetes, coronary heart disease, early menopause),
we show that even though parental GRS is a good predictor of offsprings GRS, there are cases where
the offspring of high-risk parents has low genetic risk of the disease and vice versa. We studied if the
offspring’s genetic risks are lower compared to their parents (potentially due to prenatal purifying
selection) but found no statistically significant difference. Additionally we compared the predictive
values of GRSs with other risk factors already implemented into clinical practice (BMI, smoking status,
concurrent diseases) and found that the predictive value of GRS is comparable with some phenotypic
factors already in use.

As a conclusion we emphasize the potential of GRS in clinical practice, especially in the light of new
era of precision medicine. We consider it as a cost effective tool for medical doctors for gaining
additional insights into patient’s possible health outcomes.
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The availability of genomic data has enabled the development of targeted therapies and personalized
medicine. BioVU® is a biobank created by VUMC consisting of approximately 250K de-identified DNA
samples linked to longitudinal electronic medical records (EMRs). BioVU® was created to enable
exploration of the relationships among genetic variation, disease susceptibility, and drug responses.
VUMC also has a database of approximately 3M de-identified EMRs for diverse VUMC patients called
the Synthetic Derivative. Nashville Biosciences was created to expand the use of these VUMC
resources to help industry advance drug discovery and development. Here, we describe three
representative pharma client projects entitled: (1) Phenome wide association study (PheWASTM) drug
target prioritization, (2) A synthetic control arm clinical trial, and (3) Identification of variants
associated with protection from a rare disease using WES. (1) Using PheWASTM-based studies, we
prioritized gene targets for early stage clinical development by identifying novel disease associations.
A proprietary scoring system consisting of scientific and clinical metrics was implemented to select
the strongest disease phenotype associations using a collaborative and iterative approach. We
consulted published literature to develop a mechanistic hypothesis and recommend experimental
next steps. (2) We created a cohort of patients with a rare lymphoproliferative disorder as a part of a
synthetic placebo control arm for a phase Il clinical trial. We reviewed EMRs and extracted detailed
patient data including demographics, medical history, treatments, lab values, and survival data to
enable analysis of treatment response, health resource utilization, and survival time. Designing a
synthetic control arm for clinical studies from a rich database can reduce trial clinical costs and the
time-period significantly. (3) We generated a virtual cohort of patients using clinical parameters
including diagnosis codes for disease risk factors, findings from pathology and radiology reports, and
lab values to sort patients into matched case and control groups for the disease of interest. Variants
associated with protection from the chronic disease of interest were identified using WES. We also
provided genotyping data for the de-identified patients to enable a GWAS. By leveraging real-world
clinical and genomic data, we are advancing the discovery and development of personalized
therapeutics and diagnostics.
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Advances in pharmacogenetic research have linked numerous variants to drug responses and the
USFDA have required pharmacogenomic (PG) information in the labeling of over 200 medications.
However, only a small number of drug labels provide clear instruction for clinical implementation. As
part of the Taiwan Precision Medicine Initiative (TPMI), a pilot project to generate genetic profiles for 1
million people in the country and incorporate genetic information in clinical practice, we have
translated relevant pharmacogenetic results into guidelines for medication usage and dosing for real
time implementation in the clinic.

A custom-designed Taiwan Precision Medicine (TPM) SNP array based on the Applied Biosystems
Axiom platform that includes probes for 3,865 PG markers was validated on >50,000 Taiwan Biobank
samples and the population-specific allele frequencies of the PG markers established. The accuracy of
the actionable PG panel was extremely high, with sensitivity and specificity of individual tests >99%.
Our preliminary data show that more than 80% of participants have risk alleles affecting drug
response. For 16 medications with clear clinical guidelines, 56% of participants harbor actionable PG
variants requiring change in dosage or switching to a different medication.

The PG genotyping results become part of the patients’ electronic health record, and, when a
medication affected by the patient’s genotype is prescribed, an alert will appear on the physician’s
drug ordering screen based on the guidelines from the Clinical Pharmacogenetics Implementation
Consortium (CPIC) and USFDA for that medication. Implementation of pre-emptive genotyping for
pharmacogenomics in a large population will improve drug safety and efficacy. Early experience
based on the use of pharmacogenetics in 70,000 patients in the TPMI will be presented.
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Adverse side effects can account for the high failure rates associated with drug therapeutic
development in clinical trials. Recent studies have shown that side effects of drugs can be predicted
using genetic association loci identified from genome-wide association studies. However, these
studies have been restricted due to a small number of studied phenotypes, inadequate approaches to
infer causal genes and/or limited ability to identify biologically relevant tissues. Here, we overcome
these challenges by utilizing co-localization of genetic association summary statistics data from a
phenome-wide association study (PheWAS) of 1,435 phenotypes in 366,756 individuals from UK
Biobank, and gene expression data from 48 tissues from the Genotype Tissue-Expression Project
(GTEX). First, we evaluated how either testing of additional phenotypes from a PheWAS or testing of
multiple tissues - which allows for identification of tissue-specific expression quantitative trait loci -
can increase levels of genetic support for side effects of drugs in clinical trials. We observed that the
percentage of side effects supported by a genetic association phenotype increased after sampling 10
to 440 phenotypes, and sampling 1 to 48 tissues from the GTEX project. Next, we identified five
genetic features that are predictive of side effects, including: 1) Mendelian loci, 2) tissue-level effects
and 3) phenotype-level effects of gene expression regulation, 4) genetic constraint, and 5) tissue-
specificity of gene expression. By examining these features together, we observed that genes with all
five genetic features had up to three-fold increased risk of side effect, compared to genes with no
genetic support. Finally, we investigated whether side effects may arise due to a drug being delivered
to non-relevant tissues. Using gene expression regulation and a genetic association phenotype as a
proxy for a drug therapeutic causing a side effect, we observed that gene expression regulation found
in a high number of tissues also tended to have many genetic association phenotypes. This
correlation was driven by instances where the tissue and genetic association phenotype matched in
terms of biological significance. These results imply that exposure of drugs to multiple tissues can
induce several side effects. In conclusion, we demonstrate the utility of tissue-specific gene
expression data for drug side effect prediction and the need for tissue-specific delivery of drug
therapeutics.
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Background: Nevirapine (NVP) is a nonnucleoside reverse transcriptase inhibitor used in the
treatment of human immunodeficiency virus (HIV) in young children, and is metabolized by CYP3A4
and CYP2B6 enzymes. We investigated the association of certain SNPs with NVP drug concentrations
in HIV-infected children with and without tuberculosis (TB). Methods: This pharmacokinetic
(PK)/pharmacogenetics study was performed in Ghana between 2012 and 2017. NVP-naive patients
aged 3-35 months old or weighed < 10 kg were enrolled. Patients with opportunistic infections other
than TB were excluded. All parents/guardians provided written informed consent. Patients received
NVP plus zidovudine and lamivudine or abacavir and lamivudine twice daily in addition to the first-line
anti-TB therapy if they had TB. PK sampling was performed after at least 4 weeks of ART. Blood
samples were collected at 0, 2, 6, and 12 hours after NVP dose. Drug concentration was measured
using validated assay at the University of Cape Town. Minimum concentration (C,;,), area under the
concentration-time curve from time 0 to 12 hours (AUC,,), and apparent clearance (CL/F) were
calculated using non-compartmental analysis on Phoenix v8.0. Genotyping for rs3745274,
rs28399499, rs4803419, rs3211371, rs28399433, rs776746, rs10264272, rs1045642, rs2472677,
rs2307424, rs2502815, rs3003596, rs3732356, and rs6785049 SNPs was performed by TagMan®
allelic discrimination method. Statistical analysis was performed using JMP Pro v14.1. Results: A total
of 53 patients were included in this study. Median (range) age and weight were 1.6 years (0.3-3.6)
and 8.3 kg (4.5-12.5). Fifty eight percent (n=31) were male and 43% (n=23) had HIV/TB co-infection.
The median (range) NVP dose received was 10 mg/kg (7-14). For PK parameters, the patients had
median (range) C,;, of 3.3 mcg/mL (0.0-14.0) and AUC,,, 56.0 mcg.hr/mL (16.7-202.6). Table below
shows the SNPs which predicted the PK parameters while adjusting for age, gender, TB, and dose.
Using step-wise regression, rs3745274 and rs6785049 predicted AUC,,,, C,,.,, and CL/F; rs28399499
and rs776746 predicted AUC,,, and C,,,; and rs28399433 predicted AUC,,, only. Conclusions: In
addition to CYP2B6, CYP3A5, and CYP2A6 SNPs, rs6785049 (NR1/2) predicted NVP PK parameters.

Gene SNP rs # AUC, ,, Cooin CL/F



Beta p-value Beta p-value Beta p-value
CYP2B6 rs3745274 -26.1 0.005 -1.64 0.020 0.45 0.023
CYP2B6 rs28399499 28.10 0.150 2.87 0.047 -0.36 0.380
NR1I2 rs6785049 90.12 0.005 6.35 0.008 -1.75 0.009
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Background: Adverse drug events (ADEs) cause significant morbidity and mortality each year, but
are highly underreported. Electronic health record (EHR) data hold a wealth of clinical information
related to ADEs, but much of the relevant information is in the clinical narrative and is challenging to
extract on a large scale. For example, when an ADE is suspected, often clinicians engage in a rule out
trial (e.g. stop one drug at a time) to determine which drug may be responsible for symptoms. This
process is documented in the clinical narrative over time and therefore necessitates manual
abstraction which can be prohibitively time consuming. We outline a hybrid process of text extraction
by natural language processing (NLP) followed by manual review of the extracted text to more
efficiently assign the probability of an ADE for a large scale PGx study.

Methods: This study included 10,082 participants in the Right Drug, Right Dose, Right Time (RIGHT)
study who received a new prescription between January 1, 2005 and December 31, 2017 for at least
one of 20 drugs with clinically relevant pharmacogenomic interactions. ADEs associated with the
drugs of interest were identified through review of EHR data for 1 year following long-term
prescription medications (i.e. simvastatin) and 3 months for short-term drugs (i.e. codeine and
tramadol). Using rule-based NLP methodologies we extracted all text that included the drug name
(generic and trade) and any disorder term that appeared in the same sentence or adjacent sentences.
Text for each medication was reviewed and assigned a 0 (no indication of problem), 1 (AE), or 2
(possible AE), with little or no additional medical record review.

Results: Of the 10,082 participants, we identified over 15,000 instances where a study participant
had a first-time exposure to the 20 key drugs. On average, 7.6 clinical notes were identified by NLP
for each patient that had both the drug mention and a MedDRA disorder term in the same sentence or
adjacent sentences. Manual review of extracted sentences is currently ongoing. Clopidogrel review is
complete: 562 patients were exposed, 3993 sentences were reviewed, and 9 patients had ADEs.

Conclusions: We have identified an NLP trigger methodology that combines NLP techniques and
manual abstraction to increase the efficiency by which ADEs are identified in a large scale study of
pharmacogenomics.
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Next-generation sequencing provides a more thorough assay of variants for pharmacogenetic testing
in both research and clinical settings. Pharmacogenetic alleles can be assigned using available
software tools without the limitation of the pre-selected sites used in array assays. Next-generation
sequencing can also reveal novel variants that have not been previously identified or have not yet
been included in known pharmacogenetic alleles (star alleles). In this study, we examined the novel
variants in 17 important pharmacogenomic genes using 70 lllumina whole-genome sequencing
samples, classified the possible functions of these novel variants, and discuss ways to report novel
variants in pharmacogenetic testing. In addition, since many pharmacogenetic alleles are defined by
more than one variant and the relationship among variants identified from short read sequencing is
mostly unknown, we compared the pharmacogenetic diplotype calls using phased variants from trios
data to allele calls without phasing to assess the accuracy of allele calls with and without phasing.
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Pharmacogenomics aims at identifying and applying effective and safe ways to utilize a patient’s
genetic data in guiding drug selection and dosing. The Clinical Pharmacogenetics Implementation
Consortium (CPIC) provides guidelines with strong evidence for genes affecting more than 50
therapeutic areas. Penn Medicine BioBank (PMBB) consists of a diverse group of ~20,000 individuals
whose electronic health record (EHR) data is linked to genome-wide genotype data. A retrospective
data mining of the Penn Medicine EHR, which includes ~3.6M patients showed that ~30,000 patients
have been prescribed more than two CPIC Level A drugs every year from 2011- 2016. Our analyses
give us a snapshot view into the distribution of important CPIC drugs in the Penn Medicine EHR. We
evaluated 11 CPIC genes using PharmCAT, which can annotate genetic variants in a VCF file to
identify samples with functional PGx phenotypes. Genetic analyses of 19,106 samples from PMBB,
stratified by ancestry, reflect the differences in PGx phenotypes by ancestry. Among the genotyped
individuals, approximately 98% of samples have at least one non-reference CPIC level A variant allele.
PharmCAT annotation also identified 63% of samples are carriers of one or more PGx actionable
variants. PGx actionable variants refer to genetic variations that leads to recommendations for drug
dosage or alternative therapies to minimize adverse drug reactions. Linking genetic data back to EHR
referenced that less than 5% of participants are prescribed the affected drugs. We identified 76.6%
EA and 19.8% AA carry alleles associated with warfarin sensitivity and 390 samples that contained
polymorphisms for lack of clopidogrel efficacy leading to conditions such as acute coronary syndrome,
coronary artery disease, and myocardial infarction. Lastly, polygenic risk scores (PRS) calculated in
PMBB population to identify the risk of coronary artery disease (CAD) also reflected 10% (1916)
samples were more likely to be prescribed statins. Among these 1916, 1137 samples are already
prescribed statins supporting the prediction suggested by PRS. PRS.,, was also highly associated with
prescription of atorvastatin (p-value=5.2e-06). This analysis provides an overview of the distribution
of carriers of PGx associated genetic variants and also identifies a target population for considering
pre-emptive genotyping for PGx implementation. PRS may be useful to guide preemptive PGx
interventions in the setting of preventive care.
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Polygenic risk scores (PRS) aggregate risk for complex traits/diseases from many common variants
across the genome into a single number indicative of an individual’s risk of developing the phenotype
in question. For any particular phenotype, there is a distribution of PRS values with those in the top
percentiles at increased risk relative to those in the bottom. This information could inform screening
programs, improving the accuracy of individual stratification by risk and peak risk period. While most
individuals will be in the middle of the distribution for most diseases, they will likely be at extremely
high or low risk for at least one disease. We used the UK Biobank (UKB) to investigate individuals in
the tails of PRS distribution across common complex diseases that are a serious burden on affected
individuals and the healthcare system: coronary artery disease, stroke, type 2 diabetes, rheumatoid
arthritis and Alzheimer’s disease. External genome-wide association studies (GWAS) were used to
predict into corresponding phenotypes in the UKB. The optimal P-value threshold explaining maximum
phenotypic variance was identified for each. We then built PRS scores in unrelated UKB participants of
European ancestry (n=385 780) at these optimal thresholds and adjusted for batch, assessment
centre and 6 principal components. The adjusted PRS were split into quantiles and different PRS
distribution patterns were investigated to identify individuals at increased risk for at least one
disease. Finally, we explored comorbidities between the diseases studied and stratified risk by family
history. We show that 40.8%, 22.6% and 4.9% of the population studied were in the tail 10%, 5% and
1% for at least one disease. Furthermore, 9.2%, 2.4% and 0.1% of the population were in the tail 10%,
5% and 1% PRS for at least two disorders, respectively. This indicates a slight increase in the
enrichment of multiple high PRS compared to chance, reflecting a moderate positive correlation
between the five PRS. Individuals in the top tail of PRS distribution were more likely to have family
history of the disease, excepting stroke where no strong relationship was observed. While the
proportion of individuals at a level of clinically elevated risk is low for each disease alone, risk
distribution across these common complex diseases could be used to inform the optimization of
prevention, screening and treatment, with implications on a population scale.
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Previous large scale investigations, have demonstrated the feasibility of multi-omics data generation,
and their utility towards precision medicine. We will present work on the necessary next steps
towards monitoring individual astronaut health in deep space missions: the development of novel
algorithms that can monitoring wellness departures from individualized personnel baselines.

Our methods characterize longitudinal multi-omics signals (transcriptomes, proteomes, and
physiological measures), using novel statistical algorithms based on topological properties of time
series. Our methodology first analyzes individual signals based on their frequencies, accounting for
underlying noise, uneven sampling rates, missing data (without imputation), and sampling over
multiple time-scales for different data modalities. Our software package pyiomica uses spectral
analysis to transform time signals to periodograms and classify them based on their autocorrelations.
This allows the identification of temporal trends, including periodic events, constant changes, and
sudden changes compared to baseline, that can correspond to adverse health events during flight.
Clusters of multiple omics components are identified within each temporal class, and these collective
signals are then transformed into visibility graphs, that are networks representing intensities at
different timepoints of multiple omics. The network characteristics are then used to identify modules
and abnormal events over time, relating to changes in physiological state of the personnel, as
assessed by biological evaluation for enrichment of particular pathways. We will demonstrate the
application of the algorithms using saliva data from 100 timepoints (transcriptomics, proteomics and
extracellular vesicle content), as an evaluation of the utility of saliva for non-invasive monitoring of
generalized health - particularly convenient for in-flight sampling of astronauts.

Personalized dynamic omics have high utility for monitoring astronauts, and our approach is an
extensible prototype that can incorporate new dynamic measurements as measured during
spaceflight with different monitors.

Research reported is supported by Project Number T0412 grant by the Translational Research
Institute for Space Health, funded under NASA Cooperative Agreement NNX16A069A. The content is
solely the responsibility of the authors and does not necessarily represent the official views of the
supporting funding agencies.



n= A+

PgmNr 505: Genetic evidence for prediction of severe on-
target adverse effects of common drugs: A proof of
principle.

Authors:
D.). Wright; M. Zwierzyna; N. Lewis; J. Dunbar; J.D. Holbrook; D.l. Swerdlow

[View Session| |Add to Schedule]

Affiliation: BenevolentAl, London, United Kingdom

Background

Drug targets supported by human genetic evidence for efficacy are more likely to be approved.
Robust prediction of target-mediated adverse effects (AEs) early in drug development would be a
valuable de-risking strategy, but the utility of genetics in doing so has not been evaluated. Using a set
of curated gene-AE pairs, we assess whether common genetic evidence can retrospectively predict
on-target AEs.

Methods

We constructed a benchmark of target-encoding genes and serious AEs for which European GWAS
summary statistics for the AE trait/a clinical correlate were publicly available. For each trait, we
identified genetic signals (p=<5?10°) within 500kb of each target start site, with a subanalysis
requiring p<5?10°. To assess whether the signal at each locus was driven by cis gene expression, we
ran pairwise (approximate Bayes factor) colocalisation analyses against tissue-specific eQTL summary
statistics for each target-tissue-trait combination (GTExV7) using COLOC. Colocalisation was declared
where the posterior probability (PP) of colocalised signals (H4) was the highest of all posteriors for the
five hypotheses evaluated by COLOC, with sub-analyses requiring a PP=0.8. We declared genetic
evidence linking target to trait when colocalisation was observed in =1 tissue.

Results

Metrics of precision and sensitivity were used to assess error (enrichment analysis of genetic
evidence amongst AE-annotated genes vs. controls was not feasible due to low cell counts). Of the 15
trait-geneset groups analysed, =1 annotated gene was correctly identified in two cardiac rhythm
traits: atrial fibrillation (AF)/other cardiac arrhythmia (NR3C1, ATP1B2, KCNN3) and heart rate
(CALCR1). Main analyses (p=<5710-6, highest ranked PP) for AF showed 50% precision and 33%
sensitivity, and HR 14.3% precision and 100% sensitivity. The most rigorous subanalyses (p<5710-8,
PP>=0.8) optimised both metrics in both AF (100% precision, 40% sensitivity) and HR (50% precision,
100% sensitivity).

Conclusion

These analyses demonstrate that drug targets known to be associated with severe AEs can be
retrospectively identified using colocalisation between trait- and expression-associated variants.



Whilst results varied highly between traits, and null results cannot be interpreted as evidence in
support of the absence of an association, we highlight the potential of this method to prospectively
flag concerning targets.
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Autosomal recessive oculocutaneous albinism type 1 (MIM# 203100; OCA1) is one of the thousands of
monogenic diseases characterized by absence of pigment in hair, skin, and eyes. Mutations of the
tyrosinase (TYR, MIM* 606933) gene are clinically associated with the disorder, and so far, more than
300 mutations have been described. Preimplantation genetic diagnosis (PGT-M) has been widely
utilized for the affected families who wish to prevent the transmission of genetic disorders.
Preimplantation genetic testing for aneuploidy (PGT-A) is also employed to improve live birth rates in
IVF (In vitro fertilization) cycles for couples with advanced maternal age, repeated implantation
failure, and recurrent miscarriage. More and more at-risk couples have the need to combine PGT-M
and PGT-A technologies during IVF treatment. In the present study, a Taiwanese couple with a
maternal age of 38 years was enrolled. Their first child with OCAL, suffering from eye problems,
caused by heterozygous TYR mutants of paternal ¢.1366+3A>T and maternal c.895C>A (p.R299S).
We developed and evaluated an in-house duplex-nested ARMS-gPCR technique for PGT-M, and
compared it to direct sequencing. The optimized protocol was then applied clinically to detect the
disease-causing mutations and to screen simultaneously for aneuploidy by a qPCR-based PGT-A. After
ovarian stimulation, a total of 14 embryos with good morphology were selected and biopsied from
blastocysts on day 5 to detect PGT-A and PGT-M simultaneously. The PGT-A results showed that two
embryos were aneuploid and 12 were euploid, and those of PGT-M showed that three wild-type
embryos without the familial mutants, three affected embryos with two heterozygous mutants, four
maternal-carrier embryos, and four paternal-carrier embryos. Finally, two euploidy embryos were
selected (one wild-type and one maternal carrier) for transfer at Day 6, achieving a successful
singleton-pregnancy. After 38 weeks of uneventful gestation, a healthy boy was born weighing 3088g.
Prenatal and postnatal genotyping confirmed the baby to be an unaffected maternal carrier. We here
report a successful application for the strategy combined PGT-M and PGT-A by a combination of
quantitative polymerase chain reaction approaches, resulting in the healthy boy birth. The results
show that such a combination of technologies is a fast and valid screening tool and can be provided
as an optimized solution for high-risk families.
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BACKGROUND:Alagille syndrome (ALGS), as known as congenital arteriohepatic dysplasia, is a rare
autosomal dominant multi-systemic disorder. Mutations in JAG1or more rarelyNOTCH2have been
revealed as the cause of ALGS. In this study, a 5-year old girl with typical ALGS’ feature and her
pregnant mother came to our reproductive genetics clinic for counseling.

AIM:We aimed to clarify the genetic diagnosis and provide prenatal genetic diagnosis for the
pregnant.

METHODS:Next generation sequencing (NGS)-based multigene panel was used to identify
pathogenic variant of the proband. The candidate variant was verified by using Sanger sequencing.
RNA assay was performed to clarify splicing effect of the candidate variant. Amniocentesis,
karyotyping, and Sanger sequencing were performed for prenatal testing.

RESULTS:We identified a novel de novononcanonical JAGIslicingvariant (¢.2917-8C>A) in the
proband. Peripheral blood RNA assay indicated that the mutant transcript might escape nonsense-
mediated mRNA decay (NMD) and encode a C-terminal truncated protein. Information of the variant
led to success prenatal diagnosis of the fetus.

CONCUSION:In conclusion, we clarified the genetic diagnosis of an ALGS patient and ensured utility
of prenatal genetic testing.
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Combined methylmalonic acidemia and homocystinuria (cbl/C type), an inherited disorder of vitamin
B,, metabolism, is a rare metabolic and multi-systemic disease caused by mutations in MMACHC.
Patients with ¢cb/C can have severe neurodevelopmental defects including microcephaly,
hydrocephaly, and seizures as well as renal, cardiac and hematological defects. Recently, an X-linked
variant of cbIC was discovered and termed cblX. Rather than being due to mutations in MMACHC, cbiX
was shown to result from hemizygous mutations in the transcription cofactor HCFC1, which is known
to be an obligatory partner for the transcription factor RONIN (THAP11). Intriguingly, a single patient
exhibiting cblX-like pathology has been found to carry homozygous mutations in RONIN. Patients with
either HCFC1 or RONIN mutations were shown to have a dramatic reduction in MMACHC transcription.
We have previously shown that the Hcfcl/Ronin transcriptional complex directly regulates mouse
Mmachc expression. These findings suggest that cb/X and the new RONIN (THAP11) disorder comprise
a novel family of rare and severe cb/C-like disorders that are transcriptional in nature. To better
understand the cellular and molecular mechanisms underlying the pathophysiology of these
devastating neurodevelopmental diseases, we have generated a mouse model that carries the human
mutation in Ronin (Ronin™®). Here we report the generation of the first mouse model, Ronin™" along
with its phenotypic and molecular characterization. Ronin™*"** homozygous mice die soon after birth
and exhibit severe brain developmental defects that recapitulate those observed in the human cblX
and RONIN-deficient patients. Moreover, consistent with an inherited vitamin B,, disorder, cells from
Ronin™*"** homozygous embryos exhibit defects in cobalamin metabolism. Surprisingly however,
RNA-seq and ChIP-seq analyses also revealed a role for Ronin in directly regulating ribosome
biogenesis. Furthermore, we were able to show that there is also a functional deficit in ribosome
biogenesis and hence protein translation. This identifies for the first time a role for RONIN in ribosome
biogenesis. Together, the phenotypic and molecular data confirm that the Ronin™***mouse model
will serve as a powerful tool to further uncover the pathophysiology of this complex family of
diseases.



n= A+

PgmNr 509: Copy number variations of the PKA catalytic
subunits PRKACA and PRKACB are present in isolated
micronodular adrenocortical disease (iMAD).

Authors:
N. Settas; L. Drougat; A. Berthon; C. Kamilaris; P. Salpea; F.R. Faucz; C.A. Stratakis

[View Session| |Add to Schedule]

Affiliation: Section on Endocrinology & Genetics (SEGEN), NICHD, NIH, Bethesda, Maryland

Genetic defects that cause abnormal c-AMP dependent protein kinase A (PKA) signaling constitute the
leading cause of adrenal tumors and Cushing syndrome (CS). Inactivating PRKAR1A mutations are the
main genetic cause of PKA pathway activation identified so far in bilateral adrenocortical hyperplasia
(BAH). However, activating mutations and amplification of the PKA catalytic subunit gene PRKACA
were recently described in cortisol-producing adrenal tumors and BAH, respectively. Herein, we
studied copy number variations (CNVs) of the PKA catalytic subunits PRKACA and PRKACB in 77
patients with isolated micronodular adrenocortical disease (iMAD) that are negative for PRKARIA
mutations. We performed TagMan copy number assay through ddPCR for PRKACA and PRKACB genes.
We screened 69 germline samples and unilateral or bilateral adrenal tissues from 34 patients. The
PRKACA gene was duplicated in 10 out of 69 germline samples (14.4%). We detected two
heterozygous deletions of PRKACB gene at the germline level (2.8%); one of the two patients had also
duplication of the PRKACA gene. At the somatic level we detected duplication or amplification (more
than 3 copies) of the PRKACA gene in 16 of the studied tissues (47%) and one had an homozygous
deletion (2.9%). In five of those 16 cases (14.7%) we detected the PRKACA CNVs in both adrenal
glands, while absent in the germline, indicating potential mosaicism. Regarding the PRKACB CNVs, we
found that two patients had a heterozygous deletion of the PRKACB gene in the germline (2.8%) one
of whom had also the PRKACA duplicated; unfortunately, adrenal tissue was not available from this
patient. Moreover, at the somatic level we found that 9 out of 34 adrenal tissues (26.4%) had deletion
of the PRKACB gene, while 7 of them (20.5%) had also duplication or amplification of the PRKACA
gene. These data suggest that PRKACA and PRKACB copy number variations may happen
concurrently in the early stages of adrenocortical tumor development in BAH. Although the exact way
these defects participate in tumor growth remains unclear, we can speculate that almost certainly
they are involved in the increased PKA activation that is the hallmark of BAH and most benign
cortisol-producing adrenal tumors.
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Objectives

In our study, we firstly analyzed the ultrasonic manifestations of 25 fetus diagnosed as 17q12
microdeletion by prenatal chromosome microarray analysis (CMA).

Methods

Cells from fetuses in amniotic fluid were collected by centrifugal method, and cell DNA was extracted
for CMA. The Affymatrix CytoScan 750K chip (Thermo, USA) was used for CMA detection after
confirming no maternal blood contamination by short tandem repeat (STR) locus comparison.
Results

Among the 3,901 pregnant women, a total of 25 fetuses were detected with 17q12 microdeletion,
accounting for 0.6% (25/3,901). There were 340 fetuses (8.7%, 340/3,901) showed kidney
abnormality by prenatal ultrasonography, and included all the 25 fetuses with 17g12 microdeletion,
accounting for 7.4% (25/340). Among these 340 fetuses with kidney abnormalities, 48 fetuses were
classified as pathogenic (14.1%, 48/340), among which 17q12 microdeletion accounted for 52.1%
(25/48) and chromosome aneuploidy disease accouted for 27.1% (13/48), the orther 20.8% (10/48)
were pathogenic chromosome microdeletion and microduplication.

88.0% (22/25) fetuses showed hyperechogenic kidney by prenatal ultrasonography in 17912
microdeletion fetuses. Among the 22 fetuses with hyperechogenic kidney, 24.0% (6/22) had no other
abnormalities except hyperechogenic kidney. Collecting system separation (28.0%, 7/25), polycystic
dysplastic kidney (20.0%, 5/25), renal cysts (8.0%, 2/25) and hydronephrosis (8.0%, 2/25) were
included in other fetuses. 28.0% (7/25) fetuses with only kidney abnormalities by prenatal
ultrasonography, 16.0% (4/25) were combined with increased amniotic fluid, 24.0% (6/25) were
combined with other system abnormalities, and the most common abnormalities was nervous system.
In addition, there were hyperechogenic bowel, single umbilical artery and growth retardation.

There were ten pregnant women did the parental CMA verification, four of which were inherited from
mother and the other six fetuses were newly mutation. Follow-up study showed that five (20.0%,
5/25) fetuses had a family history of diabetes and there was one pregnant woman’s father with renal
cysts.

Conclusion

In conclusion, hyperechogenic kidney was a common prenatal ultrasonic manifestation of 17q12
microdeletion syndrome. Hyperechogenic kidney was found at prenatal, 17q12 microdeletion
syndrome should be considered and prenatal chromosome microarray analysis should be performed.
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Mayer-Rokitanksy-Kuster-Hauser (MRKH) Syndrome is a phenotypically complex condition
characterized by incomplete development of the uterus and vaginal canal, and can be accompanied
by unilateral renal agenesis, skeletal abnormalities, hearing impairment, and cardiac anomalies. While
some large copy number variants and several mutations in HNF1B and WNT4 have been identified in
a small number of patients, the genetic basis remains poorly understood for most patients. To better
understand genetic causes of MRKH, we performed whole exome sequencing on DNA from 111
women with MRKH to identify likely pathogenic variants (frameshift, splice site, or nonsense) and
missense variants of undetermined significance (VUS) with an allele frequency of <0.01. We identified
and prioritized candidate variants with the following characteristics: 1) those in murine genes known
to impair mullerian development; 2) those in genes with putative disease causing variants in humans,
but lacking definitive evidence; and 3) those near the breakpoints of derivative chromosomes from a
patient with a t(3;16)(3p22.3;16p13.3) translocation. Among 14 human orthologs from mouse models
(EMX2, HOXA9, HOXA10, HOXA11, HOXA13, LHX1, PAX2, PBX2, RARA, TP63, WNT4, WNT5A, WNT7A,
and WNT9B), we found 3 heterozygous likely pathogenic variants in EMX2, but in none of the other
genes. Among genes previously studied, but not confirmed in humans (AMH, AMHR2, CFTR, CTNNB1,
GALT, HOXA7, LAMC1, LRP10, MMP14, PBX1, RARG, RXRA, SHOX, TBX6, WT1, and ZNHIT3), we
identified heterozygous likely pathogenic variants in ZNHIT3 (n = 4) and CFTR (n =2). For genes
located near the breakpoints on derivative chromosomes 3p22.3 (CCR4, CMTM6, CMTM7, CMTMS8,
CNOT10, CRTAP, DYNC1I1, GLB1, TMPPE, and TRIM71) and 16p13.3 (IL32, MEFV, OR1F1, TIGD?7,
ZNF200, ZNF205, ZNF213, ZNF263, ZNF75A, and ZSCAN10), TIGD7 (n=1) and MEFV (n=1) had
heterozygous likely pathogenic variants. We also identified heterozygous VUS with a CADD score >20
in most of the other genes, including 13 variants in 6 murine orthologs, 43 variants in 15 putative
human genes, and 23 variants in 11 genes at the breakpoints of the t(3;16) translocation. Sanger
sequencing is ongoing for confirmation, and in vitro confirmation and segregation analyses will be
performed for selected variants. Our preliminary data suggests that low frequency deleterious alleles
in EMX2, ZNHIT3, TIGD7, and perhaps CFTR, could play a role in the pathogenesis of MRKH.
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SOX9 is an important gene in development which actively involves in the differentiation of 3 germ
layers and it is the master regulatory gene in chondrocyte development. Moreover, haploinsufficiency
(HI) in SOX9 will result in severe developmental disorder called Campomelic Dysplasia (CD). Patients
with CD suffer from bent long bones, club feet, small thoracic cavity etc. CD patients usually die
shortly after birth due to respiratory failure and only very few of them could survive into adolescent
years. Our study aims at elucidating the effect of different pathways which are important for SOX9 Hi
on chondrocytes.

To generate our desired SOX9 HI model, we utilized CRISPR/Cas9 to make a single nucleotide
polymorphism (SNP) mutation at the end of SOX9 exon 2 splice site in human induced pluripotent
stem cells (hiPSCs). Single clones were screened by Sanger sequencing of the PCR fragments. The
SOX9 HI hiPSCs were differentiated to chondrocytes according to a well-established 14-day protocol.
To validate our desired SOX9 HI mutant, RT-gPCR, immunofluorescence and Safranin O staining were
performed on day 14. Our results from these experiment consistently showed that the SOX9 HI
chondrocytes have decreased expression of SOX9 in terms of mMRNA and protein levels.
Transcriptome analysis were then performed. By comparing wild type chondrocytes and SOX9 HI
chondrocytes, we identified around 700 differentially expressed genes for each phenotype and from
gene ontology analysis, binding of around 1000 genes were being affected in SOX9 HI chondrocytes.
From the KEGG analysis results, notch signaling, p53 and ribosomal pathways have the highest rich
factor scores.

To conclude, we had successfully generated SOX9 HI hiPSCs and differentiated them to chondrocytes.
From the transcriptome analysis results, several pathways were being affected in SOX9 HlI
chondrocytes. Our further research would be to inhibit these pathways one by one and try to rescue
the SOX9 HI phenotype with different approaches.
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A wide variety of common birth defects and pediatric cancers arise from aberrations in the
development of neural crest (NC) cells originating from the neural plate borders. The NC cells switch
their epithelial to mesenchymal phenotype with the acquisition of migratory and plasticity properties
towards the pharyngeal arches during facial and peripheral nervous system formation. This
neurulation system provides an excellent in vivomodel to uncover the mechanism(s) governing how
transcription factors and microRNAs regulate NC cell specification, epithelial to mesenchymal
transition (EMT), delamination, and migratory processes. The transcription factor TWIST1 is a master
regulator of EMT and plays a critical role during tumor invasiveness in cancer metastasis. TWIST1
phosphoregulation in cancer cell line models showed that several critical phospho-residues regulate
both protein activity and transcription of target genes including miR-10 family members. Despite its
importance in NC cells, the function of Twistl phosphoregulation and expression of the miR-10 family
has not been investigated in vivo. Previous developmental studies suggested that conditional
knockout (cko) of Twistlin cranial neural crest (CNC) cells increased cell death of NC cells localized to
pharyngeal arches, while complete loss of Twistlled to failure of neural tube closure and early
embryonic lethality. However, our recent quantitative data using dual fluorescent cell tracing markers
and neural tube explants showed that TwistIcko in CNC cells significantly reduced cell delamination
and disrupted the EMT process. The detached TwistInull CNC cells retained their epithelial signatures
and migrated over a significantly less distance, providing an explanation for observed increased cell
death and craniofacial abnormalities. Notably, TWIST1 is highly phosphorylated in CNC cells, while
miR10a, miR10b and miR99b are temporarily regulated during neurulation. To investigate the
importance of TWIST1 phosphorylation in CNC cell fate, TwistIphospho-incompetent mice for multiple
serine residues were recently generated. Our initial results showed that Tw1-S68A phospho-mutant
mice have craniofacial defects and hemorrhage in the forebrain. To further investigate the importance
of TWIST1 phosphorylation, EMT and migration of CNC cells are being analyzed in S18/20A and S68A
mutant mice. These studies will lead to a better mechanistic understanding of the role of Twistland
miR10 in NC cell fate.
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Silver-Russell Syndrome (SRS) is a disorder characterized by prenatal and postnatal growth
retardation, macrocephaly, a prominent forehead, body asymmetry and facial dysmorphisms.
Epimutations at chromosome 11 and maternal uniparental disomy of chromosome 7 together explain
about 60% of SRS cases. However, patients clinically diagnosed with SRS sometimes present negative
results in routine genetic tests for the syndrome. This reinforces the idea that other genes may be
involved in the etiology of the syndrome. We studied monozygotic twin sisters clinically diagnosed
with Silver-Russell syndrome carrying a balanced translocation between chromosome 3 and
chromosome 12 (46,XX,t(3;12)(g29;q14)). Chromosome microarray analysis did not identify any
imbalances. Mate-pair sequencing was then performed to identify the translocation breakpoints. The
breakpoint on chromosome 3 interrupts the NAALADL2 gene. This gene has an important role in the
central nervous system acting in the release of glutamate in the synaptic cleft. The breakpoint on
chromosome 12 disrupts HMGAZ2. HMGAZ2 gene encodes an architectural transcription factor highly
expressed in embryonic development involved in cell growth and proliferation. HMGAZ2 regulates
expression of IGF2, a causative gene for SRS. Loss-of function and large deletions in HMGAZ2 have
been reported in a few patients with a Silver-Russell phenotype. Therefore, this study provides further
evidence of the role of HMGAZ in the etiology of Silver-Russell syndrome.
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Human orofacial clefting is one of the most common human birth defects with a complex
multifactorial etiology. Isolated cleft palate (CP) can arise due to abnormal growth, migration or fusion
of the palate shelves caused by perturbations intrinsic to the palate shelves or as a secondary
consequence of extrinsic factors. Pierre Robin sequence (PRS) is a form of CP in which individuals
exhibit micrognathia and glossoptosis that leads to failed palate shelf elevation and fusion. Prdm16
null mutant mice exhibit PRS-like cleft palate. A role for the Prdm16 paralog, Mecom, in orofacial
development has not been reported; however, we observe CP in the Mecom loss-of-function mutant,
Evil*. In contrast to Prdm16 mutants in which palate shelf elevation is obstructed, Evil** mutant
palate shelves elevate but fail to meet and fuse at the midline. The requirement for Mecom appears
to be intrinsic to the palate. Both genes encode zinc-finger transcription factors that regulate gene
expression through both DNA-dependent and DNA-independent mechanisms. Both Mecom and
Prdm16 are robustly expressed in the developing craniofacial structures with partially overlapping
patterns throughout the embryo. This study focuses on a targeted Mecom deletion allele, Evil*”, in
which exon 3 of Evil is removed to prevent expression of two transcripts expressed from the Mecom
locus (Mds1-Evil and Evil) but not Mds1. We outcrossed the allele 10 generations onto the FVB/NJ
strain and observed ~40% CP penetrance. We examined non-penetrant Evil*” mutants for potential
“subclinical” phenotypes using SEM and histology. Embryonic day (E)16.5 mutants without CP exhibit
palate rugae defects and abnormal palate morphology at the midline that warrants further
characterization to identify potential submucous CP or other “subclinical” phenotypes. To assess the
molecular consequences of palate-intrinsic loss of Mecom, we carried out transcriptional profiling via
RNAseq analysis of total RNA from pooled embryonic day E13.5 Evil*® mutant and wild type palate
shelves. Validation of differentially expressed genes is ongoing. These data address the hypothesis
that loss of Mecom results in CP due to altered developmental and molecular pathways intrinsic to the
palate shelves and may contribute to a greater understanding of normal palatogenesis and suggest
additional contributors to the etiology of CP in mice and human.
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In the study of Hiroshima and Nagasaki atomic bomb survivors exposed in utero, it has been noted
that exposure-related small head size and intellectual impairment had increased. Thus developing
central nervous system seems to be radiation sensitive. In a process of searching for specific proteins
that react with unrepairable, persistent DSBs induced by radiation exposure, we have detected an
ATM dependent phosphorylation of transcription factor CHD7 (chromodomain containing DNA helicase
7) which is known as morphogenesis factor of brain and neurosensory organ. Antibodies raised
against the phosphorylated peptide sequence, KLEDDDKSEESpSQPEAGA, which was a putative ATM
kinase target in CHD7, strongly reacted with DSBs formed by radiation exposure. The phosphorylated
form of CHD7 co-localized with gH2AX, 53BP1 and p-ATM, making DSB repair-foci. Co-
immunoprecipitation experiments indicated the antibody cross-reactivity with 53BP1, since both
proteins share the ATM kinase target, SpSQP sequence. Thus we reconfirmed the specificity of ATM-
dependent CHD7 phosphorylation under the 53BP1 null background. CHD7 is known as a transcription
factor that controls cell differentiation and morphogenesis during embryonic development especially
with regards to formation of brain, heart and sensory organs (eyes, ears) from the neural crest via
non-canonical WNT signaling. In human, heterozygous mutation of CHD7 causes malformation
(Charge Syndrome) and results in embryonic lethality in the case of null (homozygous) mutation.
Mouse fetus exposure resulted in the strong accumulation of p-CHD7 proteins at the DSB-repair foci in
developing neurosensory organs. Thus we conclude that there exists molecular mechanism of
morphogenesis-coupled DSB repair in the early development. This mechanism seems to be universal
since (1) PTIP (Pax2 Transcription factor Interacting Protein) also participate in DSB-repair foci
formation, where Pax2 is a transcription factor that control kidney morphogenesis. (2) COBRAL, a
BRCAL interacting protein which controls mammary gland morphogenesis also participates in DSB-
repair foci formation, and (3) MCPH1/BRIT1, whose mutation causes microcephaly, has three BRCT
domains and strongly accumulates at DSB-repair foci after radiation exposure.
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Craniofacial dysostosis including craniosynostosis is a common birth defect that occurs in one in at
least 2,000 newborns. The metopic suture, one of the major craniofacial sutures, is prematurely fused
in 25% of all craniosynostosis cases. Gene mutations affecting suture growth are a significant source
of calvarial pathology, but no more than 30 genes and few mouse models are known to be associated
with metopic abnormalities. The metopic suture is abnormally widened in Apert and Saethre-Chotzen
craniosynostosis syndromes. To characterize the transcriptome of the murine frontal suture
(homologous to the human metopic suture) during embryonic development in mutants compared to
wildtype (WT), we applied bulk and single-cell RNA-seq and network analysis. Bulk RNA-seq analysis
was performed on laser capture microdissected tissue of 60 suture mesenchyme (SM) and osteogenic
front (OF) subregions at embryonic day (E)16.5 and E18.5 of Apert Fgfr2*****" and Saethre-Chotzen
Twistl™ mutants, with widened frontal sutures at E18.5, and WT mice. In WT mice across both ages
there were a combined 4,282 differentially expressed genes (DEGs) between SM and OF subregions.
Mesenchymal gene expression signatures suggested functional roles as a mechanoresponsive
connective tissue and developing stem cell niche. Across both subregions, there were 2,480 DEGs
between E16.5 and E18.5, and changes were consistent with a decrease in proliferation and increase
in maturation in both the SM and OFs from E16.5 to E18.5. In the Twist1™ and Fgfr2**?*" mice across
both ages, there were 115 and 127 DEGs, respectively, compared to WT. Transcriptional changes
affecting genes involved in vasculogenesis and ribogenesis distinguished the Twist1* and Fgfr2****"
mice from WT, respectively. Co-expression network analysis characterizing the transcriptional
organization of the SM and OFs identified a novel SM gene expression module, from which we
validated key driver genes regulating osteoblast differentiation. Single-cell RNA-seq identified at least
five suture subpopulations that suggested an osteogenic differentiation trajectory within the suture.
Altogether, our rich transcriptomic data with network biology analyses provided a model of frontal
suturogenesis. Supported by grant NIH U0O1 DE024448.
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Background:

Choreoamnionitis is an infection of chorion and amnion and has a multifactorial etiology leading to
growth restriction of the fetus in utero, sepsis, and premature rupture of membranes. It could risk
severe prematurity, small for gestation, and fetal distress leading to respiratory failure after birth.
Animal studies suggest that NO in placental vasculature is required to facilitate fetal growth. Earlier
studies showed that preterm infants with severe respiratory failure respond favorably to inhaled nitric
oxide. These infants may have a deficiency in the inflammatory response, including a defect in nitric
oxide generation in airspaces. We have previously reported that the mutant eNOS genotypes, leading
to decreased Nitric oxide, increased the risk of respiratory distress, PPROM, and IUGR, in premature
infants.

Objective:

To study the potential association of infant eNOS genotypes and amnionitis.

Methods:

We analyzed eNOS gene haplotypes (T786C, G894T, intron 4 VNTR b/a genotypes), in 54 preterm
infants (6 amnionitis cases and 48 Non-amnionitis controls), using microplate PCR genotyping
methods.

Conclusions:

Our data on eNOS double marker (T786C/Intron4 VNTR b/a; T786C/G894T,;

G894T/Intron4 VNTR b/a) analysis revealed that amnionitis cases showed significantly higher 50% C-a,
38% C-T, 29% T-a mutant haplotypes compared to 19%, 19%, 14% without amnionitis history
respectively. Data on triple marker (T786C, Intron VNTR b/a, and G894T) analysis revealed the mutant
haplotype C-a-T significantly higher 39% vs. 17% in cases vs. controls respectively. These data
suggest a significant association of eNOS mutant haplotypes in double (C-a, C-T, T-a); and (C-a-T)
triple markers with the amnionitis disease condition. Infants C-T, T-a); markers and (C-a-T) triple
marker with the amnionitis disease condition. Infants with amnionitis have higher frequencies of
mutant haplotypes, potentially reducing the endogenous NO availability thus leading to the disease.
This is the first report to suggest a role for eNOS gene haplotypes in the etiology of amnionitis in
premature newborn infants.
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Inflammatory bowel disease (IBD) affects 3 million adults in the US. Though its exact etiology remains
unknown, IBD is characterized by excessive inflammation of the intestine, leading to fever, pain, and
severe diarrhea. Current dogma implies that this inflammation is due to an aggressive immune
response to gut microbes in a genetically susceptible host and specific environmental factors
including antibiotic exposure. Though genes including CARD15 have been implicated in IBD, the role
of the pre-natal environment in onset of disease remains largely unknown. We hypothesize that in
utero exposure to inflammation will increase responses to subsequent IBD triggers in genetically
susceptible adults by altering expression of related IBD genes, protecting them from excessive
inflammation and pain.

To mimic in utero inflammation, we injected 2 mg/kg of lipopolysaccaride into the uterine horns of
pregnant CD-1 mice. At 5 weeks, the mice underwent a 6-day exposure to 2% dextran sodium sulfate
(DSS), a chemical mimic of IBD. Analyses included body weight and colon length measurements and
gPCR for IBD-associated genes. Relevant controls (e.g. no DSS) were used at both time points.

Colon lengths in controls that did not receive pre-natal LPS but received DSS were significantly
shorter than in those that received neither exposure (p<0.0001), reflective of increased disease
severity. Colon length was similar between mice that received both LPS and DSS exposure and
controls that received only LPS exposure. Body weight measurements showed that mice exposed to
LPS in utero gained an average of 1.8g during the model, regardless of DSS exposure status,
revealing reduced disease. However, body weights of mice that did not receive LPS but received DSS
decreased by 1.3g and those that received neither exposure gained 2.1g. We showed via gqPCR that
Atgl6/1 expression was significantly increased among mice that only received DSS exposure
(p=0.002, p=0.031, p=0.002) compared to all other groups. Card15 expression was significantly
higher among mice that did not receive LPS but received DSS compared to two other groups (p=0.01,
p=0.004).

Counterintuitively, these results demonstrate that pre-natal exposure to inflammation leads to a
reduced development of IBD later in life, evidenced by a lack of physical and gene expression
changes associated with DSS exposure in mice. This suggests that in utero inflammation exposure
protects the gut from excessive inflammation into adulthood.
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Loss-of-function mutations or duplication in methyl-CpG binding protein 2 (MECP2) cause two severe
neurodevelopmental disorders: Rett syndrome and MECP2-duplication syndrome, respectively. While
the genetic cause of these disorders is known, the mechanism by which disruption in MeCP2 levels
leads to pathogenesis unknown. Disruption in normal levels of MeCP2 causes a mild change in
expression of thousands of genes. The objective of this study is to identify robustly misregulated
transcripts in mouse models of MeCP2-disorders to reveal candidate mediators of pathogenesis. |
employed a meta-analysis of transcriptome profiles collected from Mecp2-null mouse models and
identified Growth differentiation factor 11 (Gdf11) as a gene sensitive to MeCP2-levels. Gdf11 is
downregulated in Mecp2-null models, while upregulated in MECP2-transgenic models. Additionally,
Gdfl1 expression levels are returned to wild-type levels when MeCP2 levels are normalized. The
opposing regulation of Gdfl11 by MeCP2 implicates GDF11 misregulation as one potential driver of
some phenotypes in Rett and MECP2 duplication syndromes. GDF11 is a transforming growth factor
beta family ligand that is a critical patterning morphogen for the skeletal system. However, despite
broad expression throughout the brain, the role of GDF11 in brain development and homeostasis is
unknown. On going and future work will test if modulating GDF11 levels specifically in the brain using
either will on its own cause aberrant neurological phenotypes. Next, | will test if normalization of
GDF11 levels rescues neurological phenotypes seen in mouse models of MECP2 disorders. In sum, |
have found that GDF11 is misregulated in MECP2-related disorders, and | will test its potential as a
therapeutic modifier of these disorders.
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Although genomic sequencing has been transformative in the study of rare genetic diseases,
identifying causal variants remains a considerable challenge that can be addressed in part by new
gene-specific knowledge.

In the present study, we integrate measures of how essential a gene is to supporting life, as inferred
from the comprehensive viability and phenotyping screens performed on knockout mice by the
International Mouse Phenotyping Consortium (IMPC) and from human cell line essentiality screens. We
introduce a novel, cross-species gene classification across the Full Spectrum of Intolerance to Loss-of-
function (FUSIL) and demonstrate that genes in five mutually exclusive FUSIL categories have
differing characteristics in the biological processes they regulate, tissue expression levels and human
mutation rates. Most notably, Mendelian disease genes are highly overrepresented (2.6 fold-increase
odds) in the developmental lethal category, representing genes not essential for cell survival but
required for organism development. This enrichment is partially driven by an association with early
onset, multisystemic, autosomal dominant disorders. Consistent with this, we find an even higher
overrepresentation (3.3 fold-increase) of genes associated with developmental disorders. By
combining this information with intolerance to variation scores derived from human population
sequencing studies, we provide a framework to prioritise novel developmental disorder associated
genes. To validate our approach, we screened 163 developmental lethal genes with no previous
association to rare disease and highly intolerant to variation for candidate variants in unsolved
developmental disorder cases from three independent disease sequencing consortia and identified
potentially pathogenic, de novo variants shared in different patients. We describe findings for around
half the genes and, in particular, highlight the evidence for a novel role for VPS4A and TMEM63B in
intellectual disability, with patients exhibiting similar neurological and movement phenotypes that are
partially modelled by the IMPC mouse.

In summary, in this work we demonstrate how by combining different resources, as diverse as human
cell proliferation scores, mouse viability data and intolerance to variation scores derived from large
sequencing programs, we can identify a set of genes more likely to be associated to disease and
therefore propose FUSIL as an efficient resource for disease gene discovery.
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We report the case of an 8 year old girl with developmental delays, who first came to our service’s
attention prenatally in 2010. An amniocentesis karyotype done for advanced maternal age was read
as 47,XX, +mar. To further define the marker chromosome, a prenatal oligonucleotide array was
performed which showed mosaicism for a 5.3 Mb gain from 11p12 to 11p11.2 in 70% of the cells
studied (using FISH BAC clone from this region). Parental FISH was negative. Delivery was
unremarkable, and no further testing was done after birth. The patient returned to our clinic in
October 2018; her medical history is unremarkable with the exception of headaches but she has
significant expressive speech delay, learning difficulty in all areas and ADHD. A SNP array on blood in
our laboratory was normal, without any sign of the 11p duplication. As we suspected there might be
mosaicism in other tissues, a microarray was done on buccal cells. This was positive for mosaic
(approximately 57%) heterozygous 7.67 Mb duplication at 11p11.12-p12 including many genes.
Although this exact duplication has not, to our knowledge, been previously reported, the size of the
duplication and the number of genes involved support that it is likely pathogenic. This phenomenon of
mosaic chromosomal rearrangements found in other tissues but absent in blood is described for a few
other regions, but we have not been able to find cases involving this particular region.

It is interesting to note that if the prenatal testing had not been done, chromosomal testing would
likely have stopped with the normal study on blood and we might have gone on to single-gene
testing. This raises the question of when it is necessary to obtain samples from other tissues for
clinically significant mosaicism.
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Chromosome 15g13.3 microdeletion syndrome (MIM: 612001), is characterized by mental retardation,
epilepsy, and variable dysmorphism of the face and digits. For years, CHRNA7 (MIM: 118511),
encoding for the a7 nicotinic acetylcholine receptor (nAChR), has been considered as the candidate
gene accounting for the neuropsychiatric manifestations associated to this syndrome. However,
recent studies in mouse models have shown that OTUD7A/CEZANNEZ2 (MIM: 612024), which encoders
for an ovarian tumor (OTU) deubiquitinase, should be considered as the critical gene, within the
15g13.3 region, responsible for brain dysfunction.

We performed exome sequencing in a patient presenting with severe global developmental delay,
language and cortical visual impairment, infantile spams replaced by generalized myoclonic seizures,
and abnormal MRI findings.

Trio analysis allowed us to identify a homozygous OTUD7A missense variant NM_130901.2:¢c.697C>T.
The proband is the second born from consanguineous heterozygous parents, both presenting with
learning disability. The brother is also heterozygous for the variant and presents school difficulties.
The variant is predicted to alter an ultra-conserved amino acid, p.(Leu233Phe), lying within the OTU
catalytic domain.

We are performing functional analyses on this variant which seems to be a strong candidate to
explain the neuropsychiatric manifestations in this patient.
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Brain morphogenesis is an important process contributing to higher-order cognition, however our
knowledge about its biological basis is largely incomplete. Here we analyzed 118 neuroanatomical
parameters in 1,566 mutant mouse lines and identified 198 genes whose disruptions yield
NeuroAnatomical Phenotypes (NAP), mostly affecting structures implicated in brain connectivity.
Groups of functionally similar NAP genes participate in pathways involving the cytoskeleton, the cell
cycle and the synapse, display distinct fetal and postnatal brain expression dynamics and importantly,
their disruption can yield convergent phenotypic patterns. 17% of human unique orthologues of
mouse NAP genes are known loci for cognitive dysfunction. The remaining 83% constitute a vast pool
of genes newly implicated in brain architecture, providing the largest study of mouse NAP genes and
pathways. This offers a complementary resource to human genetic studies and predict that many
more genes could be involved in mammalian brain morphogenesis.
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Although maternal lipid profiles influence placental function which may lead to early fetal
programming of adult health and diseases, the underlying mechanisms remain unclear. We
performed an epigenome-wide association study to identify placental DNA methylation and mRNA
gene expression signatures of maternal dyslipidemia in early pregnancy.

Placental samples from the NICHD Fetal Growth Studies - Singleton cohort were profiled for DNA
methylation using Illumina’s Infinium Human Methylation450 Beadchip (n=262) and RNA sequence
(n=64). Maternal lipid levels were measured using blood samples collected in early pregnancy and
dichotomized as high total cholesterol (TChol, = 200 mg/dl), low high-density lipoprotein cholesterol
(HDLc, = 50 mg/dl), high low-density lipoprotein cholesterol (LDLc, = 100 mg/dl) and high
triglycerides (TG, = 150 mg/dl). For each maternal lipid trait, we conducted epigenome-wide
association analyses with covariate-adjusted robust linear regression models. Genes harboring top
differentially methylated CpGs (FDR-adjusted P-value < 0.05) were evaluated for placental mMRNA
gene expression.

High TChol was associated with hypermethylation of cg20637199 (STK11) and cg10695180
(MOGAT2). High LDLc was associated with hypomethylation of cg02047211 (RPTOR). High TG was
associated with hypomethylation of cg07255925 (HECTDZ2), cg02785814 (ALX4) and cg04985482
(MICA) and hypermethylation of cg09326404 (FAAH). Genes annotating the top epigenome-wide
significant CpGs were enriched in disease and functional pathways including cell death of
mesenchymal cells (P-value = 8.5x10°) and dyslipidemia (P-value = 1.4x10™). High TChol, high TG
and low HDLc were associated with decreased expression of ALX4 in placenta (FDR-adjusted P-values
were 1.5x107, 1.9x10? and 1.3x10™", respectively). Functional annotation found five genetic loci that
regulate methylation levels (cis-meQTL) of cg02785814 (ALX4) in blood. The variants were also cis-
eQTL with ALX4 and EXT2, which are essential for fetal structure formation and angiogenesis. ALX4
and EXT2 exhibit the highest expression in placenta and female reproductive organs, and harbor loci
associated with type-2 diabetes, hypertension, and LDLc in adults.

Our study revealed that maternal dyslipidemia in early pregnancy was significantly related to several
novel placental epigenetic signatures that have been implicated in vascular and structural
development and the etiology of cardiometabolic diseases in later life.
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Fragile X-associated primary ovarian insufficiency (FXPOI) is seen in about 20% of women who carry
an FMR1 premutation (PM) allele (55-200 CGG repeats). These women develop hypergonadotropic
hypogonadism with amenorrhea before the age of 40. A non-linear association with repeat size in the
PM range and risk for FXPOI has been documented: those with a mid-range repeats are at highest risk
(~70-100 repeats). Importantly, not all female carriers with 70-100 repeats experience FXPOI. Studies
have also described an increased reporting of co-morbid conditions by PM women, including
depression, anxiety, headaches, sleep problems, peripheral neuropathy, hypothyroidism, and many
others. Furthermore, PM women are at risk for developing a late-onset fragile X-associated tremor-
ataxia syndrome (FXTAS), typically after age 50. The risk for FXTAS increases linearly with repeat size,
indicating a different molecular mechanism. We have collected general medical history information
along with reproductive histories on 355 women with a PM, including 87 with FXPOI and 168 without
FXPOI (still cycling or menopause after age 40), to more fully understand their complex health
histories. Notably, anxiety, depression, tension headaches, and migraines were reported by more
than 30% of all PM women. Using survival analysis to examine the age of diagnosis, adjusting for the
age at evaluation, women with FXPOI compared with women without FXPOI had an earlier age at
onset for anxiety, depression, tension headaches, hypothyroidism, fibromyalgia, and osteoporosis. We
used cluster analysis to identify co-morbid conditions that grouped together across all PM women, and
our final model consisted of eight clusters. Importantly, the majority of PM women fell into the three
categories that were primarily defined by only one or a few medical issues: “Minimal conditions”
(N=123), “Headaches” (N=33), and “FXPOI with minimal other conditions” (N=67). Also of note, a
single cluster defined women with symptoms of FXTAS (e.g., tremor, ataxia and neuropathy), and
none of these women met the criteria for FXPOI. Taking all the results together, it appears that many
PM women are at risk for only minimal co-morbid conditions, and the most frequent conditions are
depression, anxiety, and headaches. Further, women with symptoms of FXTAS appear to be distinct
from women with symptoms of FXPOI, confirming theories that these two PM-associated phenotypes
may be the result different molecular mechanisms.
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BACKGROUND

Vasomotor symptoms such as hot flushes and night sweats are experienced by 80% of women around
menopause and can significantly affect quality of life. On average they last around 5 years with 10%
of women experiencing symptoms for >10 years. Changes in hormone levels, particularly oestrogen
are key factors and hormone replacement therapy (HRT) is an effective treatment. However, the
publication of health risks associated with HRT in 2002 meant a substantial reduction in uptake of the
treatment in the UK — from 49% of women pre-2002 to 14% of women post-2002.

METHODS

We have used the change in HRT use since 2002 to identify genetic variants associated with
vasomotor symptoms in 150,000 post-menopausal women from UK Biobank. We compared genetic
variants from a GWAS of HRT use in women taking HRT before and after 2002.

RESULTS

We identified 15 independent signals associated with any HRT use. Eleven of the 15 signals were
associated with menopause timing and of these, nine were associated with raised HRT use in women
taking HRT before 2002 but not after. This implies that HRT prior to 2002 was often prescribed
because a woman was menopausal, rather than for specific symptoms.

In contrast, one variant was associated with raised odds of using HRT in those taking HRT before and
after 2002 (OR=1.17, 95%Cl=1.13,1.21 pre 2002; OR=1.20, 95%Cl=1.12,1.30 post-2002). This
common variant with allele frequency of 95% was in TACR3, the receptor for neurokinin (P=1x10%°in
all women). The locus was also identified in a previous genome-wide analysis of vasomotor symptoms
ever versus never (Crandall et al 2017). Furthermore, an antagonist of the neurokinin B receptor has
been shown to reduce vasomotor symptoms in a randomised control trial (Prague et al, 2017).

CONCLUSIONS

Our study uses changes in health practice to identify a genetic variant associated with vasomotor
symptoms during the menopause transition. The findings strengthen the evidence that targeting
neurokinin B could be an effective treatment for the millions of women who experience menopausal
symptoms, without the potential side effects associated with hormonal treatments.
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Introduction: Maternal transmission, variant selection during gametogenesis, and propensity to
accumulate mutations highlight the role of mtDNA integrity in gamete maturation, fertilization, and
embryonic development. Studying variations in mtDNA and evaluating effects of these on embryo
development is essential in understanding the biology and outcomes of in vitro fertilization. Sparse
data available on human blastocyst mtDNA variation suggests a higher rate of de-novo mutations and
occurrence of heteroplasmy as a mechanism for mt dysfunction. The purpose of this study was to
evaluate sequence variation of human embryonic mtDNA, and correlate this with different infertility
parameters, to study their impact on implantation and embryonic development.

Methods: We performed a retrospective study on known outcome selected blastocysts after single
euploid embryo transfer (96 from fertile-FP and 106 from infertile patients-IFP) (92-no implantation-NI,
56-ongoing pregnancy-OP, and 54-miscarried-AB). Whole genome amplified DNA from trophectoderm
biopsies of blastocysts that had undergone PGT-A were utilized for targeted mtDNA library prep, using
PrecisionIDmtDNA kit on the lonTorrent PGM platform. Variant calling and data analysis was
performed using lonReporter, MitoMAp and Partek software. Regions with >20x mtDNA coverage
were included in the analysis.

Results: Mt genome was sequenced at av. depth of 400x and 41.6% coverage for all embryos.
Mutation frequency was similar in FP and IFP:D-loop (48.2%, 41.1%), RNR1 (22.6%,23.2%), RNR2
(14.5% ,9.8%), ND3 (6.9%,11%), ND1 (4.8%,3.2%), ND4L and CO1 (1.49%). Average variant load per
embryo (VPE) in FP and IFP was 6.3+7.2 and 7.3%+8.4 respectively, of which disease causing
mutations (DCM) were 0.73+0.81 and 0.75x1.1, respectively. 70.4% of them were homoplasmic
(>80% mutant allele), OR 8.66 [95%CI:8.64-8.67]. Embryos that resulted in OP had lower frequency of
DCM compared to embryos that AB (p=0.0004) and NI (p=0.03). DCV in RNR1, CO1 and ND4L genes
were present only in embryos that NI or AB (p=0.001). There was no correlation between embryonic
mtDNA variant load and maternal age.

Conclusion: Embryonic mtDNA has a high frequency of sequence variants, D-loop being the most
common. Maternal age did not impact the variation load. Integrity of RNR1, CO1 and ND4L genes
determines the outcome after euploid embryo transfer, however larger sample size and a validation
study are necessary to confirm their predictive value.
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3-Hydroxyisobutyryl-CoA hydrolase (HIBCH) deficiency is a rare inborn error of valine metabolism
which inherited autosomal recessively involving the HIBCH gene on chromosome 2q32. HIBCH is an
enzyme that catalyzes the hydrolysis of 3-hydroxyisobutyryl-CoA into 3-hydroxyisobutyric acid in the
mitochondria. With a mutation in both copies of HIBCH gene, catabolism of valine would be affected,
leading to accumulation of methacrylyl-CoA, a highly toxic intermediate metabolite suspected to
reduce mitochondrial enzyme activities. There is by far no cure for the disease and treatment
remained supportive. We present a 8 years old patient who was born at 38 weeks and 6 days with
birth weight 2.46kg. She presented at the age of 3 months old with clinical features resembling Leigh
syndrome, failure to thrive, developmental delay, microcephaly, hypotonia, and poor visual fixation.
Whole exome sequencing found two novel mutation with a heterozygous c.763C>T(p.R255X)
pathogenic variant in the HIBCH gene and a heterozygous ¢.428C>A (p.T143K) variant of unknown
significance in the HIBCH gene. Our patient developed into a phase of progressive neurodegeneration
with deteriorated swallowing function, motor function, and became ventilator dependent at around 9
months old. Echocardiogram showed hypertrophic cardiomyopathy. Magnetic resonance imaging of
the brain showed T2 hyperintense and T1 hypointense signal in bilateral basal ganglia, thalami,
cerebral peduncles, hippocampal regions, brainstem and deep gray matter with cavitatory lesion.
Acylcarnitine profile showed elevation of C4-carnitine in one sample only at the time of acute neural
deterioration, and soon became normalized. Gas chromatographic analysis of urinary organic acids
also showed elevated lactic acid and branched-chain ketoacid. Metabolomic profiling was performed
after she had the neuroregression phase, there was no valine metabolism pathway related
metabolites detected. Later, she also has autonomics dysfunction with thermoinstability. Valine
restriction diet does not change the clinical progress of the patient. The study describes two novel
mutation and the natural history of HIBCH deficiency, it expands the clinical phenotype related to
HIBCH deficiency.
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Newborn screening for lysosomal storage disorders (LSD) has been implemented in a number of
states in the U.S. However, publications about their experience from initial laboratory testing through
follow-up with DNA results and clinical outcomes are rare. We describe Oregon’s experience during
the first six months of screening for 4 LSDs from initial testing of the dried blood spot (DBS) through
clinical follow-up and outcome. From October 1, 2018 through April 30, 2019, 24,209 babies were
adequately screened for enzyme activity for Pompe, mucopolysaccharidosis (MPS1), Fabry, and
Gaucher using DBS on the Baebies microfluidics platform. Samples with an enzyme activity below the
cut-off were sent for second tier DNA testing. Of these, 5 babies were confirmed to have disease: 2
with MPS1, 2 with Gaucher, and 1 with Fabry. The approximate incidence of disease was 1 in 12,000
for both MPS1 and Gaucher and 1 in 24,000 for Fabry. Notably, both MPS1 patients have been
determined to have non-Hurler disease and the Fabry patient has a late-onset allele. None of the
confirmed cases are clinically indicated at this time to be treated. Two babies without current clinical
signs or symptoms are being followed: one infant with pathogenic allele and pseudodeficiency allele
in conjunction with a variant of uncertain significance (VUS) in the GAA gene, and one infant with a
VUS in trans with a pathogenic variant in IDUA, who had normal urine mucopolysaccharides screen at
9 weeks of age. Finally, accounting for all known possible pseudodeficiency alleles, the false positive
rates were 0.57%, 0.04%, 0.09%, and 0.80% for Pompe, MPS1, Gaucher, and Fabry disease,
respectively.
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Cytogenetic abnormalities found in 675 mexican patients, with a clinical diagnosis of disorders in
sexual development, are evaluated. The diagnosis of each case was classified based on the sections
of congenital malformations of the genital organs and adrenogenital disorders of the International
Statistical Classification of Diseases and Related Health Problems of the World Health Organization.

We included 675 patients from April 2004 to March 2019with. The samples were processed according
to the specifications established by The AGT Cytogenetics Laboratory Manual for obtaining
metaphases stained with the GTG bands methodology. The karyotype analysis was carried out using
the GEN ASlIs system (Applied Spectral Imaging®).

The population was predominantly female, representing 62% of the cases, of the rest 34%
corresponded to the male sex and the remaining 4% did not have data that allowed to corroborate
sex. Most patients are children (0-5 years), which corresponds to 51.1% followed by adolescent (12-17
years) with 19.3%. The results of the karyotype showed that 39% of the cases present numerical
and/or structural chromosomal abnormalities. According to the classification of the World Health
Organization, 48.9% corresponds to Turner Syndrome, followed by indeterminate sex and pseudo
hermaphroditism with 13.9%; These data coincide with that reported by other authors. The
chromosomal abnormalities with greater frequency were those that presented only aneuploidies (79%
of the cases) followed by aneuploidies with additional structural abnormalities (16% of the cases),
those that only presented structural abnormalities represented 11% of the study population.

The sex chromosomes X and Y, presented the highest number of numerical and/or structural
abnormalities. The autosome chromosomes 18, 5 and 21 showed more abnormalities than the rest of
them. Of the structural abnormalities, the isochromosomes were the most frequent with 54.7% , ring
chromosomes with 17%, followed by deletions and derivative chromosomes with the same number of
cases represented by 9.4% for each anomaly.

Cytogenetic findings in the mexican population allow to identify the frequency of the abnormalities
presented on new borns, children and young adults referred to our laboratory. The data obtained
show the markers associated to the disorders of the sexual development. The information adquired
has relevance of much importance for the pre and post natal medical care in our community.
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Background- Prenatal diagnostic testing for rare genetic disorders is a rapidly advancing field.
Genetic disorders resulting in prenatal or neonatal death are rare and genetically heterogeneous. An
accurate diagnosis of the index case is essential for accurate prenatal diagnosis, but testing is often
limited by the availability of fetal DNA. Without a potential prenatal test, couples are left in a dilemma
for future pregnancies. To help parents to make an informed decision relating to the pregnancy. We
describe our novel method to use exome sequencing parental DNA samples and on the affected fetus,
to identify recessive monogenic disorders in a study of 25 samples referred. We demonstrate the
utility of exome sequencing in reaching an accurate diagnosis and thus helping in prenatal diagnosis
and genetic counseling. Methods- Exome sequencing was carried out in parents or fetus affected
with a lethal or prenatal-onset disorder. Heterozygous rare variants in the same gene in both parents
were selected for analysis. Likely, disease-causing variants were tested in fetal DNA to confirm co-
segregation. Results- A total of 25 parents or fetus underwent whole genome sequencing or partial
exome sequencing after ante-natal genetic counseling. Consanguinity was seen among 6 (24%) of the
couples. Fetal DNA samples were obtained either from amniotic fluid (n=8, 40%) or by chorionic villus
sampling (n=12, 60%). Whole genome sequencing (WGS) of either or both of the parents was done in
12 (48%) couples for identification of genetic illnesses. An index genetic disease case in the family
was present in 16/25 (64%) couples screened and when prior fetus or child is affected, a genetic
diagnosis was obtained in 69% (n=11) of the current fetus. Two couples, one each with homozygous
carrier state for retinoblastoma gene and Leber’s congenital amaurosis were identified during
prenatal genetic counseling and thus WGS helped in prenatal counseling for risk assessment in a
future pregnancy. Conclusion- Genome sequencing is an important tool in diagnosing genetic
illnesses in a fetus who show changes in fetal ultrasonography. It is especially important for risk
assessment if a history of genetic illness is present in previous pregnancies. Whole genome
sequencing is important in prenatal counseling for parents.
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Purpose: To assess the clinical performance of an expanded non-invasive prenatal test (NIPT)
(named as “NIPT-Plus”) for detection of both aneuploidy and genome-wide
microdeletion/microduplication syndromes (MMS).

Methods: A total of 94,085 women with a singleton pregnancy were prospectively enrolled in the
study. The cell-free plasma DNA was directly sequenced without intermediate amplification and fetal
abnormalities identified using an improved copy number variation (CNV) calling algorithm.

Results: A total of 1128 pregnancies (1.2%) were scored positive for clinically significant fetal
chromosome abnormalities. This comprised 965 aneuploidies (1.026%) and 163 (0.174%) MMS. From
follow up tests, the positive predictive values (PPVs) for T21, T18, T13, rare trisomies and sex
chromosome aneuploidies were calculated as 95%, 82%, 46%, 29% and 47%, respectively. For known
MMS (n=32), PPVs were 93% (DiGeorge), 68% (22q11.22 microduplication), 75% (Prada-
Willi/Angleman) and 50% (Cri Du Chat). For the remaining genome-wide MMS (n=88), combined PPVs
were 32% (CNVs > 10 Mb) and 19% (CNVs < 10 Mb).

Conclusions: NIPT-Plus yielded high PPVs for common aneuploidies and DiGeorge Syndome, and
moderate PPVs for other MMS. Our results present compelling evidence that NIPT Plus can used as a
first-tier pregnancy screening method to improve detection rates of clinically significant fetal
chromosome abnormalities.
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Sleep disturbance in school-age children has been studied to some extent in children with Smith-
Magenis syndrome (SMS). However, for neurodevelopmental disorders such as Pitt-Hopkins syndrome
(PTHS) and MDB5-associated neurodevelopmental disorder (MAND), the existence of sleep
disturbance in this population is not yet defined or well characterized. We surveyed caregivers of
school-age children with these 3 disorders using the Children’s Sleep Health Questionnaire (CSHQ) to
assess how sleep disturbance differed between groups and identify disorder-specific sleep problems.
We also compared our data to existing data regarding sleep disturbance in school-aged children with
autism spectrum disorders (ASD). The CSHQ provided evidence for sleep disturbance in each
condition (total score>41); however, while there were similarities, specific concerns differed. The
mean total CSHQ score for MAND (55.33+13.26) was significantly different from that of ASD
(48.83+9.68), while PTHS (44.67+7.91) and SMS (51.81+8.46) were not. Further, mean nighttime
sleep duration in hours for PTHS (10.18+1.52) differed significantly from SMS (7.84+1.52), MAND
(8.41£2.2), and ASD (8.78+1.55). Overall, data indicate that sleep disturbance in PTHS is less severe
than that observed in SMS and MAND. Sleep disturbance in SMS and MAND do not significantly differ
from each other based on total scores on the CSHQ. Individuals with PTHS had significantly lower
scores for daytime sleepiness than the ASD group; however, MAND>ASD>SMS on the daytime
sleepiness subscale. Additionally, while the PTHS group did not differ from ASD for night wakings, the
SMS and MAND groups scored significantly higher. All 3 groups showed significantly higher
parasomnias than the ASD group. Restless sleep and bedwetting were notably present across all
disorders. Overall, only parasomnias & daytime sleepiness differed significantly between PTHS and
ASD, parasomnias & night wakings between SMS and ASD, and night wakings & parasomnias between
MAND and ASD, suggesting that, while different aspects of sleep disturbance in each disorder mirror
the wide range found in the general ASD population, certain aspects such as night wakings and
parasomnias are shared and do differ significantly from ASD. These data further illustrate the
complexity of these conditions and the challenges of underlying sleep disturbance in each population,
indicating the need for more support, education, and treatment for these individuals.
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Background: Neural tube defects (NTDs) are a group of serious congenital defects that occur due to
a failure of neural tube closure during early embryonic development. The genetic etiology of NTDs
remains poorly understood. FKBP8, an immunophilin family member that binds to FK506, is critical for
proper neural tube ventralization through antagonism of the sonic hedgehog (Shh) signaling pathway
during development. FKBPS8 also inhibits apoptosis by anchoring BCL2 and BCLXL to mitochondrial
membranes. Loss of Fkbp8 results in increased apoptosis in the posterior neural tube. Fkbp8~'~ mouse
embryos showed NTDs consistent with a diagnosis of spina bifida. To date, no publication
demonstrates any possible association between FKBP8 and human NTD risk. Thus, this study provides
the first evidence for a relationship between FKBP8 and spina bifida in humans.

Methods and Results: Sanger sequencing was performed on 384 spina bifida cases. One loss of
function variant (p.E140X) and four nonsynonymous rare mutations (p.S3L, p.K315N, p.A292S,
p.A251G) which were predicted to be deleterious were identified. GFP-FKBP8 was created by
subcloning of FKBP8 CDS region into pEGFPCL1. Identified variants were introduced into GFP-FKBP8
plasmids by site direction mutagenesis. Subcellular localization assay performed on Hela cells
showed that the variant p.E140X affected FKBP8 localization from the mitochondrion in the cytoplasm
into the nucleus. The other variants had no obvious effect on FKBP8 protein localization. The FKBP8
protein expression of variants p.S3L, p.K315N, p.A292S was decreased, and p.E140X produced a
truncated form of FKBP8 protein in 293T cells. Furthermore, FKBP8 variants had enhanced Shh
signaling activity as determined by Western Blot in 293T cells, indicating those variants may decrease
the antagonism of FKBP8 on the Shh pathway.

Conclusion Our study indicates that rare deleterious variants of FKBP8 are risk factors for human
NTDs. Rare variants of FKBP8 could contribute to spina bifida via dysregulation of the Shh signaling
pathway.
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Background: Epidermal growth factor receptor (EGFR), a transmembrane glycoprotein, mediates
many cellular growth and differentiation processes, through its tyrosine-kinase activity. Acquired
activating mutations are common in malignant transformation processes of various tumors. Unique
loss of function, homozygous mutation is congenital and causes a distinct phenotype.

Cohort study: We report on the largest cohort of 21 Roma children with EGFR deficiency. Perinatal
course involved polyhydramnios, intrauterine growth restriction and significant prematurity, followed
by the development of specific skin condition initially with thin and fragile skin, later with persistent
desquamative ichtiosiforme dermatitis prone to inflammation. Some children had progeriod facial
features. Early postnatally recurrent infectious complications (presented as sepsis in 47 % of the
cases) appeared. The prognosis was poor, all children beside one died before 6 months of age.
Additionally we present the longest surviving, 13 year old boy, who developed previously unreported
renal impairment with Fanconi-like syndrome and secondary hyperaldosteronism.

Results: Homozygous ¢.1283G?A (p.Gly428Asp) mutation in EGFR was confirmed in 16 of the 21
reported cases due to retrospective patient analysis.

Discussion: Severely underdiagnosed EGFR deficiency, prevalent in the Roma population, is a
crippling disorder, presenting with repeated infections and ichtiosiforme dermatitis. Apart from the
largest reported cohort of 20 children, we present a long-term surviving patient, who, apart from
typical epidermal features, suffers from previously undescribed, severe combined renal glomerular
and tubular dysfunction, which turned up to be survive limiting since infancy and may contribute to
chronical growth retardation.

This work was institutionally supported by: AZV16-31932A, RVO-VFN 64165/2012, SVV 260367, UNCE
204064.
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Objectives: Trisomy 21 (T21) is one of the major concerns in prenatal genetic testing. In the past few
decades, the overall mortality and morbidity of T21 have improved through intensive management,
but little is known about prognosis of very low birth weight (VLBW) infants with T21. Our purpose was
to investigate mortality and morbidity of VLBW infants with T21 in Japan, compared with those of
VLBWI infants with no birth defects (BD-).

Method: Maternal and neonatal data were collected prospectively for infants weighing less than 1,501
grams who admitted to centers of the Neonatal Research Network of Japan (NRN-J) during the period
of January 2003 to December 2016. Statistical significance for unadjusted comparisons was
determined using Fisher’s exact test, Pearson’s chi-square test, Wilcoxon test and logistic regression
analysis. This study was approved by Ethics Committee of Kyoto University Graduate School and
Faculty of Medicine.

Results: Of 60,136 VLBW infants, number of T21 was 328 (0.55 %). The frequency of maternal
complications and the use of antenatal steroid was significantly low in T21 compared with BD-, except
for diabetes mellitus. Cesarean section, male contribution, outborn and gestational age were
significantly high in T21 compared with BD-. About two third of T21 VLBW infants were small for
gestational age. Although non-reassuring fetal status was significantly high in T21, there was no
significant difference in Apgar Score either at 1 minute or 5 minutes. The rates of respiratory distress
syndrome, chronic lung disease and retinopathy of prematurity were significantly low in T21
compared with BD-. Mortality rate in NICU was 22.9 % for T21, compared with 5.6 % for BD-,
respectively. Mean length of hospital stay for survivors was 123.1 days for T21, compared with 93.8
days for BD-.

Conclusion: NRN-] database contains about two third of VLBW infants born in Japan and our data is the
first national survey for VLBW infants with T21. Although there is limitation that no data exists about
the timing of diagnosis, which may affect the plan for care, our data showed that more than three
forth of VLBW infants with T21 could achieve to go home. This will be a meaningful data for prenatal
counseling, perinatal management and treatment.
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Background: Increased Nuchal Translucency (NT) is an important biomarker which is associated with
higher risk of fetal structural anomalies. It is known to be contributed by different genetic etiologies
ranging from single-base mutations to those affecting millions of base-pairs. Currently, prenatal
diagnosis is routinely performed by karyotyping and chromosomal microarray analysis (CMA),
however, both of them are limited in resolution. The diversity of the genetic etiologies warrants an
integrated assay such as genome sequencing (GS) for comprehensive detection of genomic variants.
Herein, we aim to evaluate the feasibility of applying GS in prenatal diagnosis for the fetuses with
increased NT.

Methods: We retrospectively applied GS (>30-fold) for the fetuses with increased NT (=3.5-mm),
which were undergone routine prenatal diagnosis. Detection of single-nucleotide variants, copy-
number variants and structural rearrangements were performed simultaneously and the results were
integrated for interpretation in accordance with the guidelines of American College of Medical
Genetics and Genomics. Pathogenic or likely pathogenic (P/LP) variants were selected for validation
and parental confirmation, if available.

Results: Overall, 50 fetuses were enrolled, including 34 isolated and 16 with reported fetal structural
malformations. Routine CMA/karyotyping reported eight P/LP CNVs, yielding a diagnostic rate of
16.0% (8/50). In comparison, GS provided a 2-fold increased diagnostic yield (32.0%, 16/50), including
one mosaic turner syndrome, eight cases with microdeletions/microduplications and seven cases with
P/LP point mutations. Moreover, GS identified two cryptic insertions and two inversions. Follow-up
study further demonstrated the potential pathogenicity of a balanced insertion disrupting an OMIM
autosomal dominant disease-causing gene at the inserted site.

Conclusions: Our study demonstrates that applying GS in fetuses with increased NT is able to
comprehensively detect and delineate the spectrum of genomic variants contributory to the diseases.
Importantly, prenatal diagnosis by GS doubled the diagnostic yield compared with routine protocols.
Given a comparable turn-around-time and less DNA required, our study provides a strong evidence to
facilitate GS in prenatal diagnosis, particularly in fetuses with increased NT.
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Recently, patients with cblX, an X-linked variant of the cblC cobalamin (vitamin B12) deficiency
syndrome, were discovered. While cblX phenocopies most of the clinical symptoms observed in cblC,
the disease is caused by mutations in the transcription cofactor HCFC1 (Host Cell Factor C1). Previous
research has determined that HCFC1, along with the transcription factor RONIN (THAP11), directly
regulates the expression of MMACHC, which encodes an enzyme essential for cobalamin metabolism
and is mutated in cbIC patients. Thus, the origin of the cbIX phenotype is likely in part due to
transcriptional reduction of MMACHC during development.

In order to address this possibility and to define the exact pathophysiology of cblX, our group has
generated the Hcfcl A115V mouse model, which carries the most frequent missense mutation
observed in cblX patients. Unexpectedly, the A115V hemizygous mice exhibit a fully penetrant skin
hypopigmentation phenotype and craniofacial dysmorphia, indicating a potential defect in neural
crest cell (NCC) development. These data have led us to hypothesize that HCFC1 functions in a
transcription factor complex to regulate NCC development through regulating Mmachc and cobalamin
metabolism.

We have determined that, analogous to cblX patients, A115V hemizygous mice have a dramatic
reduction of Mmachc levels in embryonic tissue. Moreover, the hypopigmentation phenotype is
rescued by over-expressing Mmachc in these mice. These data suggest that we have uncovered a
new transcriptional program influencing NCC development and raises the intriguing possibility that
disrupted cobalamin metabolism may also play a role. Current efforts are aimed at determining the
specific requirement for cobalamin during NCC development.
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Objective: to investigate if there any difference in placental gene expression between the selective
intrauterine growth (sIUGR) twin and the normally growing co-twin in monochorionic diamniotic
(MCDA) twin pregnancies

Method: This was a prospective study on differential gene expression in MCDA twin placenta
complicated by sIUGR. The normally growing twin of MCDA pairs with sSIUGR was used as a reference
for control genetic factors of the fetus and maternal factors of the mother. This study is divided into 2
stages: (1) Gene discovery phase: Placental tissues from 5 sIUGR and 2 control pairs were sampled
for transcriptome profiling. (2) Validation phase: Placental tissues from 13 sIUGR and 6 control pairs
were collected for RNA and protein validation. Placental biopsies were obtained from women with
sIUGR and matched controls in the delivery ward. In the gene discovery phase, the transcriptome
profiling was discovered by RNA sequencing (RNA-seq). In the validation phase, RNA and protein
expression level of candidate genes were determined by quantitative real-time PCR (gRT-PCR) and
immunohistochemistry (IHC) staining.

Result: A total of 2455 transcripts were differentially expressed in placenta of all SIUGR-MCDA pairs,
where 1043 were up-regulated and 1412 down-regulated. 0S9 and M6PR were expressed in the
trophoblasts of chorions. RNA and protein expression were significantly upregulated in sIUGR
(p<0.05).

Conclusion: Endoplasmic Reticulum Lectin (OS9) and Mannose-6-Phosphate Receptor (M6PR) were
increased in placenta of sSIUGR-MCDA twin, but not in their normal growth co-twin.
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Singleton exome sequencing (sES) harbors a diagnostic yield in fetuses with multiple congenital
abnormalities (MCA) almost 10% lower than in live birth individuals. Such difference is largely
explained by a poor knowledge of the fetal clinical hallmarks associated with pathogenic variants in
morbid genes, which hinders the ability to establish an exact genotype-phenotype correlation. We
gathered a large prospective multicentric cohort of 95 MCA undiagnosed fetuses, and deployed a
multistep sES analysis approach to facilitate the identification of causative variants and of novel
candidate genes. In the first step, we prioritized variants making use of a genotype-first approach
based on bioinformatics scores and variant annotation databases, blind to fetal phenotypes. We
selected in OMIM genes associated with developmental anomalies (OMIM-da): (a) high-confidence
(likely)pathogenic annotation in ClinVAR, compatible with the expected inheritance model; (b)
truncating variants in genes being intolerant to loss-of-function (LoF-1) and autosomal dominant
inheritance, (c) predicted damaging recessive variants in autosomal recessive or X-linked OMIM-ad.
Causality was confirmed by reverse phenotyping on autopsic findings. In the second step, the
remaining negative fetuses were analysed according current clinical practices based on phenotype-
genotype correlations. Lastly, we analysed LoF variants in all OMIM genes not related to human
diseases so far, prioritizing: (1) LoF variants in LoF-I genes; (2) recessive LoF (homozygous of
compound heterozygous) variants. Family segregation of the selected variants was ascertained by
Sanger sequencing. The first step resolved 18/95 patients, while the second step allowed the
identification of 5 additional cases (global yield 24%). Variants of Unknown clinical Significance (VUS)
in OMIM-ad genes were retained as candidates for 18/95 additional patients (18.9%). Among these, 2
strong candidate variants could not be classified as causal because of the poor fetal phenotype-
genotype correlation. The third step identified eight novel candidate genes (8.4%). Our approach
shows that a genotype-first approach followed by reverse phenotyping seems to be a valid alternative
to a phenotype-driven variant hunting in sES data prioritization, in the context of low or partial
genotype-phenotype correlation., This approach owns the potential to fill in the gap between fetal and



postnatal diagnostic yield when trio analysis is not available.
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Rubinstein-Taybi syndrome (RSTS; OMIM 180849) is an autosomal dominant developmental disorder
characterized by facial dysmorphism, broad thumbs and halluces associated with intellectual
disability. RSTS is caused by alterations in CREBBP (about 60%) and EP300 genes (8%). RSTS is often
diagnosed at birth or during early childhood but generally not suspected during antenatal period. We
report nine cases of well-documented fetal RSTS. Two cases were examined after death in utero at 18
and 35 weeks of gestation and seven cases after identification of ultrasound abnormalities and
termination of pregnancy. On prenatal sonography, a large gallbladder was detected in two cases,
and brain malformations were noted in four cases, especially cerebellar hypoplasia. However, the
diagnosis of RSTS has not been suggested during pregnancy. Fetal autopsy showed that all fetuses
had large thumbs and/or suggestive facial dysmorphism. A CREBBP gene anomaly was identified in all
cases. Alterations were similar to those found in typical RSTS children. This report will contribute to a
better knowledge of the fetal phenotype to consider the hypothesis of RSTS during pregnancy.
Genotyping allows reassuring genetic counseling.
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Noonan spectrum disorders are a clinically overlapping group of autosomal dominant diseases caused
by germline mutations in genes involved in the RAS-MAPK signaling pathway with a prevalence at
1/1000-2500. This study evaluates the clinical utility of a 12-gene Noonan spectrum disorders panel in
prenatal and postnatal cohorts. Two hundred thirty-four fetal samples and 113 postnatal specimens
were sequenced in our laboratory between 2014 and 2019. In the prenatal cohort, the average
gestational age at testing was 16.2 weeks (range: 11.1-25.3). Increased nuchal translucency (NT) was
the most common prenatal ultrasound finding, present in 71.4% of the fetuses, followed by cystic
hygroma (13.2%). Pathogenic or likely pathogenic variants were detected in four genes in the
prenatal cohort: PTPN11 (n=4), RIT1 (n=2), SOS1 (n=1) and RAF1 (n=1). Among these eight positive
cases, three fetuses showed solely cystic hygroma, two showed increased NT, one showed cardiac
defect and facial dysmorphism, and two had unspecific ultrasound findings. In the postnatal cohort,
55 patients harbored a pathogenic or likely pathogenic variant spread amongst eight genes: PTPN11
(n=29), SOS1 (n=11), BRAF (n=4), RIT1 (n=4), HRAS (n=3), SHOCZ2 (n=2), KRAS (n=1) and RAF1
(n=1). The average age at testing for the patients with positive results was 4.8 yrs (range: 0-18.8).
Facial dysmorphism was the most common clinical phenotype, present in 61.8% of patients with
positive results and specified clinical indications, followed by cardiac defects (47.1%), developmental
delay (44.1%) and short stature (35.3%). The overall diagnostic yield was 3.4% (n=8/234) for the
prenatal cohort and 48.7% (n=55/113) postnatally. Three genes, PTPN11, SOS1 and RIT1, comprised
87.5% (n=7/8) of total disease-causing variants in the prenatal cohort and 80.0% (n=44/55) in the
postnatal cohort, suggesting that the pattern of specific gene involvement is similar between the two
groups. Of note, our diagnostic yield of 48.7% (n=55/113) in the postnatal cohort was significantly
higher than that in two recent reported postnatal cohorts: 21.3% (n=87/409) and 21.7% (46/212).
Different patient cohorts may explain the higher diagnostic yield in our test. Another contributing
factor might be the inclusion of the RIT1 gene, as it was not present in the NGS panel in one study
and only tested in a very limited number of samples in the other.
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Background:

A variety of carrier screening tests are offered with the promise of helping young couples with family
planning. Available tests generally focus on a small subset of specific conditions and genes. While
these tests are able to detect the most common causes of selected recessive conditions, they are
unable to provide information about the large number of rare disorders that are less common. On the
surface, when looked at on an individual basis, these disorders are deceptively rare. It's only when
the set of more than 5,000 diseases with a genetic basis are considered as a whole, it becomes
apparent that the impact is significant. Whole genome sequencing (WGS) provides the ability to
detect variants that cause these conditions, as well as the ability to identify complex variants that
cause the more commonly screened conditions but go undetected with other tests. Tandem analysis
of reproductive partner genomes via WGS has the potential to provide a comprehensive assessment
of shared carrier risks.

Method:

To test the tandem analysis approach, we started with our clinical WGS pipeline which has been
validated for detection of small sequence changes, mitochondrial variants, structural variants and
more than 20 tandem repeat expansions. This is the same pipeline that is currently used for the
clinical WGS tests performed in our lab, including our Genomic Inform™ test for healthy individuals - a
physician-ordered clinical test that includes carrier status analysis and reporting. We then adapted
the annotation filters and variant interpretation workflow to additionally process and analyze whole
genomes of potential reproductive partners in tandem, evaluating more than 50 paired genomes.

Result:

Identified variants included small sequence changes in commonly (i.e. CFTR: cystic fibrosis) and
uncommonly (i.e. SEPN1: multiminicore disease; congenital myopathy with fiber-type disproportion)
screened genes, large structural variants as well as premutation alleles of tandem repeat genes like
FMR1 which is responsible for Fragile X syndrome. The tandem analysis workflow successfully
identified dual carrier genome pairings with the potential to produce offspring inheriting two copies of
the same deleterious variant. It also identified dual carrier pairings that involved the potential to
inherit compound heterozygous variants in the same gene, including examples of structural variants
paired with small sequence changes. We will present examples for each case type.
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De novo heterozygous truncating mutations in the proline rich 12 (PRR12) gene have been reported in
three patients with global developmental delay, intellectual disability, eye and vision abnormalities
and other features. Consistently, expression pattern of PRR12 supports its role in brain and eye
development. However, the disease-association of PRR12 and the disease-causing mechanism have
not been well established. In this report, we describe 15 additional unrelated individuals with
neurodevelopmental issues who carry 14 rare and damaging variants in PRR12. These variants were
found to be de novo in all cases where parental samples were available (n=13). All variants were
apparently loss-of-function (7 frameshift, 5 nonsense, 1 splice site), except for one de novo missense
variant. In addition, a 3.3 Mb deletion encompassing the entire PRR12 gene, which was a
recombination product of a maternal balanced insertion, was identified in one patient. The phenotype
varied among the 19 patients with defects in PRR12. The major clinical features were developmental
delay (84%), eye and visual abnormalities (68%), cognitive impairment (63%), behavioral problems
(58%), and growth retardation (53%). The congenital ophthalmic anomalies included coloboma of the
iris, lens, retina and/or optic nerve, microphthalmia, anophthalmia, and cryptophthalmos. The less
frequent features included abnormal outer ears (47%), congenital heart defects (37%) and tone
abnormalities (37%). Notably, variations in eye anomalies were also observed in the two patients
carrying the same p.Lys1092Argfs*131 variant; one patient had a unilateral iris, chorioretinal and
optic nerve coloboma with ipsilateral microphthalmia; while the other one only presented with oblong
optic nerves and bilateral ptosis. The common features in patients with PRR12 sequence variants,
including iris coloboma and intellectual disability, were also observed in the patient with a large



deletion including PRR12, supporting that haploinsufficiency of PRR12 is the disease-causing
mechanism. In summary, our studies demonstrated that PRR12 haploinsufficiency leads to a multi-
system neurodevelopmental syndrome with a wide clinical spectrum and variable phenotypic
expressivity.
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Objectives:

To determine the utility of exome sequencing as an adjunct to perinatal post mortem for congenital
anomalies.

To model the likely outcome of exome sequencing as a prenatal test in the same setting

Method:

Probands with congenital anomalies were referred by perinatal pathologists. They were enrolled for
sequencing if their microarray analysis was negative and their anomalies were considered to have a
monogenic cause. Singleton or trio exome sequencing was performed as an adjunct to routine
perinatal autopsy and the diagnostic outcomes were compared. A geneticist independently reviewed
the probands’ antenatal imaging findings and recommended a phenotype specific gene list to model
the clinical utility of prenatal exome sequencing.

Results:

A prospective cohort of 131 probands was referred. Forty-nine (37%) were unsuitable for inclusion.
The parents of 5 (4%) declined enrolment and 10 (8%) could not be consented. Sixty-seven probands
(52%) were enrolled. One proband could not be sequenced due to a degraded DNA sample. Results
are available for 65 probands (32 singletons and 33 trios).

Specific diagnoses were identified at autopsy in 11 cases (17%) including 2 cases with negative
sequencing. Sequencing identified specific diagnoses (‘'pathogenic' or 'likely pathogenic' variants) in
23 cases giving a diagnostic rate of 35%. The combined diagnostic rate of autopsy and exome was
38%. The individual autopsy and genomic diagnostic rates were highest in probands with significant
skeletal findings (39% and 61% respectively, n=18). Genomic diagnoses were obtained from 34% of
singleton exomes, with segregation when required, and 36% of trio exomes.



Variants of uncertain significance (VUS) were reported in 13 cases (20%). In four, a strong phenotype-
genotype match together with plausible candidate variants indicated a need for additional studies.
The combined rate of diagnostic or suspicious variants was 42%.

The use of antenatal sequencing in this cohort using a candidate gene list approach would have
identified a specific genomic diagnosis in 78% (18 of the 23 cases).

Conclusion:

Clinical Exome sequencing doubles the diagnostic rate of perinatal autopsy for congenital anomalies
and supports the prenatal use of genomic sequencing
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Mutations in the PRNP gene located at chromosome 20p13 band are associated with
neurodegenerative spongiform encephalopathies also known as prion disease. We report a 21-year-
old pregnant woman (G4P2A1) with a history of ADHD, bipolar disorder, chronic depression, smoking
and use of THC during pregnancy referred for fetal congenital anomalies including bilateral clubbed
feet, rocker bottom feet and absent cavum septum pellucidum as well as intrauterine growth
retardation (IUGR) identified at 29-week ultrasound. Amniocentesis revealed a normal karyotype of
46,XX by routine G-banding. A follow up chromosome microarray comparative genomic hybridization
(CMA) using 4 x 180K + SNP v2.0 platform (Agilent Technologies)

revealed a 759 Kb loss at 20p13 from 4053819 to 4813038 base pairs encompassing the PRNP morbid
gene, confirmed by FISH with RP11- 960N2(20p13, SO) and Tel 20p(SG) probes. The mother had an
uncomplicated C-section at 37w0d. Her APGAR scores were 9 at 1 minute and 9 at 5 minutes.
Neonatal evaluation revealed that the baby was small-for-gestational-age. Her birth weight was 1.810
kg (0.3 percentile), length was 41.0 cm (0.1 percentile) and head circumference was 33.0 cm (39. 7
percentile). Her left foot revealed rocker-bottom appearance with dorsal deviation. Additionally, right
foot was dorsiflexed with resistance to extension of the ankle. No cardiac or respiratory abnormalities
were seen and neurologic reflexes including Moro, pupillary, fair suck were normal. This report
describes the first prenatal case with a PRNP gene deletion and highlights the value of CMA as a
highly sensitive assay in detecting critical gene deletions/disruptions which can help establish
important genotype-phenotype correlation. Our case also highlights the possible role of PRNP in
ultrasound abnormalities observed in the fetus. Additional similar cases will be helpful in elucidating
role of PRNP in early embryogenesis.
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Mosaic expression of the c.49G>A, p.(E17K) AKTIvariant causes Proteus syndrome. To create a
mouse model of the disorder, we made a CRE conditional Aktlp.(E17K) allele. To test the Happle
hypothesis, which states that the Proteus syndrome variant only survives by mosaicism, we activated
the variant allele by crossing AktIconditional and ACTB-Cre mice which express Cre ubiquitously.
Embryos from this cross were not viable and died between E11.5 and E17.5, confirming the Happle
hypothesis. Mutant embryos were pale, had fewer visible blood vessels and increased hemorrhage in
the skin. Whole-mount immunostaining of E14.5 and E15.5 mutant skin showed no mature arteries or
veins in the vasculature, suggesting a vascular remodeling defect. To determine the extent of the
vascular defects in these embryos, we used the iDISCO clearing method to perform whole mount
immunolabeling and volume imaging on mutant and wild type E11.5 - E14.5 embryos. Examination of
E12.5 embryos showed that the vertebral arteries failed to complete formation with heterogeneous,
abnormal connections of the basilar artery to the aorta. In E13.5 mutant embryos, several vessels
including the thoracic and external carotid arteries were missing, underdeveloped, or had abnormal
patterning. In addition, hematoxylin and eosin staining of sections from E11.5 - E14.5 embryos
showed heterogeneous blood-filled spaces that when visualized by whole mount immunolabeling were
shown to be vascular channels surrounded by alpha-smooth muscle actin-positive cells. Taken
together, we conclude that constitutive AKT signaling impairs the remodeling of the developmental
vascular capillaries into a hierarchical vascular network, and leads to structural vascular anomalies.
We speculate that at a cellular level, these vascular anomalies are due to abnormal endothelial cell
behaviors such as sprouting, migration, and subsequent endothelial cell fusion, and that
disconnection of major arterial networks may cause abnormal circulation, resulting in defective
vascular remodeling in peripheral vasculature.
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Analysis of cell-free fetal DNA has become a commonly-used prenatal diagnostic test. We report an
infant whose cell-free fetal prenatal study was “normal”, but who has ambiguous genitalia and was
found to be mosaic for a complex Y-chromosome abnormality. The mother, age 30 years, presented
for screening ultrasonography at 12 weeks gestation because of apparent increased nuchal
translucency on an earlier ultrasound examination. Exam at 12 weeks showed a 5 mm nuchal
translucency (increased). A maternal blood sample was sent for cell-free fetal DNA studies, the results
of which were “consistent with a female fetus”. The fetal DNA fraction was estimated by the lab to be
4%. Follow-up prenatal ultrasound examinations at 17 and 20 weeks post LMP were unremarkable,
without increase in the nuchal translucency, and were consistent with female genitalia. The baby was
born at term, weighing 3.02 kg. Physical exam was unremarkable other than prominent ears and
ambiguous external genitalia. She had a hooded phallus, measuring 1.7 cm, with a meatus at the tip
and another small opening at the base. The labioscrotal folds were fused and slightly rugated. There
were no palpable gonads. Pelvic ultrasonography demonstrated a uterus thought to be appropriate in
size for age, but identified no gonads. Her state newborn screen was unremarkable, including normal
17-hydroxyprogesterone. Serum electrolytes were normal. At 8 days of age, serum DHEA SO4 was
99.7 ug/dl (normal 108-6-7), 17-hydroxypregnenolone 129 ng/dl (normal 229-3104), and total
testosterone 55 ng/dl (normal 7-20). Lymphocyte karyotype from a peripheral blood sample showed
complex mosaicism: 45, X[20]/46,X,psu idic(Y)(ql1.222)[1]/47, X ,psu idic(Y)(ql1l.222)X2[1], ish psu
idic(Y)(q11.222)SRY++)nuc ish(DXZ1X1)[84]/DXZ1x1,SRYx4)[13]/(DXZ1X1,SRYx2)[1]

The infant with unanticipated ambiguous genitalia whom we present illustrates some of the
limitations in using cell-free DNA for prenatal diagnostic studies. It is possible that the combination of
low-level mosaicism for the abnormal Y chromosome and the relatively low amount of fetal DNA in the
cell-free DNA pool resulted in a “falsely normal” result. It is important that patients and providers be
aware of the potential limitations of this methodology.
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Introduction

Ultrasound screening (US) in pregnancy is recommended by the WHO and is undertaken to monitor
maternal and fetal health; approximately 2-5% of pregnancies display anomalies of fetal
development. Current testing strategies demonstrate a genetic aetiology in around 40% of cases,
leaving the majority of cases without a diagnosis.

Accurate diagnosis in the prenatal period is valuable; it provides information for prenatal, perinatal
and postnatal management and treatment and can enable accurate assessment of the recurrence risk
for future pregnancies. Provision of an additional comprehensive test would likely extend this benefit
to a significant portion of the 60% of cases currently undiagnosed by conventional methods.

Recent published evidence has demonstrated the utility of exome sequencing for improved diagnosis
in fetuses with structural anomalies; a recent review by Best et al (2018) showed reported diagnostic
rates of between 6.2-80%.

Objective

To provide a molecular diagnosis for cases of unexplained fetal US anomalies using whole exome
sequencing, with phenotypes derived from ultrasound and/or post-mortem investigation.

Methods

Fetuses with an abnormality detected on US were referred to Clinical Genetics at St George’s Hospital,
London. Fetal DNA was obtained from CVS, AF, fetal blood or post-mortem tissue and maternal cell
contamination was ruled out where relevant. DNA was enriched using Agilent SureSelect CREv2 and
sequenced using lllumina NextSeq 500. Secondary and tertiary analysis of sequencing data and
variant review was performed using the Congenica clinical decision support platform.

Results

Whole exome sequencing established a diagnosis in 24/62 cases (39%); phenotypes with causal
variants included skeletal dysplasia (33.3%), fetal hydrops (20.8%), brain structural abnormalities
(16.7%), cardiac structural abnormalities (12.5%) and multisystem anomalies (16.7%).

Updated figures will be presented and variants of uncertain clinical significance (VUS) of note in the
ALPL, KCNJ2 & KMT2D genes will be discussed.

Conclusions

The diagnostic yield in this selected case series is higher than published unselected cohorts.
Molecular diagnosis was not always concordant with the primary clinical diagnosis highlighting both
the challenge of reduced phenotype detail in this cohort and the importance of expanding prenatal
genotype-phenotype correlations. Positive diagnostic rate was higher in cases with fetal hydrops
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Noonan spectrum disorders (NSD) are common genetic syndromes encountered at pre and postnatal
evaluations, occurring in 1:1000-2500 live births. In recent years, studies have identified some
evocative ultrasound findings for these syndromes, e.g. lymphatic dysplasia (increased nuchal
translucency (NT), increased nuchal fold (NF), cystic hygroma (CH), hydrops, effusions, ...); congenital
heart disease (valvular dysplasia or hypertrophic cardiomyopathy (HCM)); hydramnios and renal
anomaly. The aim of this study was to establish which of these US findings are the most suggestive of
NSD in an effort to better define the prenatal indications for NSD testing.

Retrospective review of 260 charts from 2012 to 2018 and review of literature. Inclusion criteria: (1)
chromosomal anomalies excluded (by array-CGH), (2) prenatal cases with NSD evocative US findings
(n=206) or pediatric cases with clinical suspicion of NSD (n=54), and (3) molecular genetic testing for
NSD performed. Most of the patients had at least 11 NSD genes tested: BRAF, HRAS, KRAS, MAP2K1,
MAP2K2, NRAS, PTPN11, RAF1, RIT1, SHOC2, SOS1. Prenatal ultrasound findings in positive and
negative cases were compared. A stratified analysis of some ultrasound features was conducted.

A pathogenic or likely pathogenic variant was identified in 21% (55/260) of cases. 17/141 cases of CH
and increased NT (12%) had a disease-causing variant. The rate of detecting a NSD variant was 40%
for thoracic effusions, 28% for hydrops, 28% for congenital heart disease and 27% for increased NF.
As for the stratified analysis, the detection rates were significantly improved in cases of persistent CH
(16%), NT > 6 mm (23%), when CH was associated with another evocative US finding (21%) or when
a cardiac defect was combined with HCM (100%) and in cases of persistent hydrops (36%). There was
also improvement of the detection rate when US findings were found in combination with hydramnios
(49%), renal anomaly (36%) or macrosomia (54%). 45/151 cases with two or more US findings (30%)
had a NSD diagnosis vs 9% for cases with only one US finding.

Conclusion: after normal array-CGH, Noonan spectrum disorders should be considered when any
prenatal finding of lymphatic dysplasia or suggestive congenital heart disease is found alone OR in
association. Polyhydramnios, renal anomalies and macrosomia are frequent, significantly associated
findings of NSD. Only severe prenatal ultrasound findings predict an unfavorable postnatal outcome
for NSD.
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Congenital diaphragmatic hernia (CDH) is a major congenital abnormality that is associated with
significant mortality, long term morbidity, and neurodevelopmental impairment in some but not all
individuals. To identify classes of genetic variants associated with an increased risk of severe clinical
or developmental outcomes of CDH patients, we prospectively enrolledneonates with CDH and
followed them for up to five years. We performed whole genome or exome sequencing in 463 parent
offspring trios to identify de novo single-nucleotide variants (SNVs), indels and copy number variants
(CNVs). We classified CDH patients into two groups: (a) cases with likely pathogenic (LP) variants,
including de novo likely gene disrupting (LGD) variants or predicted deleterious missense variants in
constrained genes with high diaphagmic expression or known risk genes of CDH or common comorbid
disorders, deletions in constrained genes, or CNVs implicated in known syndromes (LP-group, n=100);
(b) other cases (nonLP-group, n=363). We assessed seven outcomes: pulmonary hypertension at one
month (n=335) and three months of age (n=269), mortality prior to initial discharge (n=461), Bayley
Scales of Infant Development (BSID-Ill, n=190) and Vineland Adaptive Behavior Scales (VABS-II,
n=240) at two years of age, Wechsler Preschool and Primary Scale of Intelligence (WPPSI-IV, n=70)
and VABS-II (n=88) at five years of age. LP-group patients have significantly lower developmental



scores than non-LP group at age of two (motor: p=4x10~; cognitive: p=1x10*), with a similar trend in
complex CDH (with additional anomalies, n=69) and isolated (n=123) cases. LP-group also have a
trend of higher mortality rate prior to initial discharge (29.3%, p=7x10") and severe pulmonary
hypertension rate at 1 month (67.7%, p=1x107?) than non-LP group. Overall, complex cases in LP-
group had the worst survival rate and two-year developmental outcome. Isolated cases in nonLP-
group had developmental outcome similar to population average and the best survival rate, and
isolated cases in LP-group and complex cases in non-LP group had similar intermediate survival rate
and developmental outcome. In summary, we found de novo likely pathogenic variants and CNVs to
be associated with worse survival, more severe pulmonary hypertension, and worse developmental
outcomes. These results have important implications for counseling about prognosis, potential
intervention, and long term follow up for children with CDH.
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Infertility has become one of the major issues of human health, affecting 10% -15% of the general
population worldwide. Male factors are identified in approximately half of the infertile couple, and the
diagnosis and treatment of male infertility therefore elicit an increasing interest. Male infertility due to
multiple morphological abnormalities of the sperm ?agella (MMAF) is a genetically heterogeneous
disorder. Previous studies revealed several MMAF-associated genes (DNAH1, CFAP43 or CFAP44,
CFAP69, et al), which account for approximately 60% of human MMAF cases. The pathogenic
mechanisms of MMAF remain to be illuminated.

In our study, whole-exome sequencing was conducted for genetic analyses of a cohort of 65 Han
Chinese men with MMAF. Two homozygous stop-gain variants ¢.910C>t (p.Arg304*) and c.3400delA
(p.llel134Serfs*13) of the SPEF2 (sperm ?agellar 2) gene were identified in two unrelated
consanguineous families. Consistently, an Iranian subject from another cohort also carried a
homozygous SPEF2 stop-gain variant c¢.3240delt (p. phel080Leufs*2). All of the SPEF2 variants found
in three unrelated individuals were absent or extremely rare from control sequence databases (1000
Genomes Project, EXAC and gnomAD). Previous animal studies reported spontaneous mutations of
SPEF2 causing sperm tail defects in bulls and pigs. Consistently, our further functional studies using
immuno?uorescence assays showed the absence or a remarkably reduced staining of SPEF2 and of
the MMAF-associated CFAP69 protein in the spermatozoa from SPEF2-affected subjects. Together, our
findings revealed a new human MMAF-associated gene, which will be informative in the molecular
diagnosis and genetic counselling of infertile men with oligoasthenoteratozoospermia.
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Background Spinal muscular atrophy(SMA)is a genetic neuromuscular autosomal recessive disease
characterized by muscle atrophy and weakness. SMA is one of the most common rare diseases. One
in 6,000 to one in 10,000 children are born with the disease. One in 25 to one in 50 people are
carriers of the SMA gene, so American College of Medical Genetics has recently recommended routine
carrier screening for SMA. Large studies are needed in China to determine the benefits and costs of
SMA carrier screening.

Objective To screen the carriers of spinal muscular atrophy (SMA) among pregnant women in
Jiangmen area of Guangdong Province China, and to provide information for genetic counseling and
further prenatal diagnosis, in order to reduce SMA newborns.

Methods s From January 2017 to February 2019, this a prospective population-based cohort study of
10170 pregnant women from Jiang Men city in China. Exons 7 and 8 of SMN1 were amplified by real-
time multiplex fluorescence quantitative PCR, and the copy number was quantitatively detected.
Multiplexed-dependent probe amplification (MLPA) was used to verify the abnormal results of SMN1
gene screening.if the pregnant women are heterogeneous for SMA, the husband is requested test. If
both partners were SMA carriers, prenatal diagnostic testing is necessary performed.

Results Among 10170 pregnant women, 165 were carriers of heterozygosity deletion in exon 7 and 8
of SMN1 gene, 6 were carriers of heterozygosity deletion in exon 7 of SMN1 gene, and 55 were
carriers of heterozygosity deletion in exon 8 of SMN1 gene. The carrier rate was approximately
1/59(1.69%). 3 couples were determined to be at high risk for having offspring with SMA and prenatal
diagnostic test. Prenatal diagnostic result show 3 fetuses are normal.

Conclusion Carrier screening and carrier rate determination are of great clinical significance for
follow-up genetic counseling, disease prevention and reduction of birth defects.SMA carrier screening
has reduced the burden of SMA newborns.
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Alzheimer’s disease (AD) is the most prevalent neurodegenerative disorder in the aging human
population. Mutations in the genes APP, PSEN1, and PSENZ2 have been found to cause familial, early-
onset forms of the disease; however, about 95% of AD cases are late-onset (after age of 65) and of
sporadic nature and the genetic factors that may contribute are steadily being uncovered. Large
human genetics studies in the past decades have identified several loci associated with risk of late-
onset Alzheimer’s disease (LOAD). However, the molecular functions of many of the genes within
these loci remain to be elucidated. To develop therapeutics for AD it is crucial to understand the
molecular players that contribute to AD pathogenesis.

Here, we describe our efforts to functionally characterize TM2D3, a gene previously associated with
increased risk of LOAD (7.45 OR). Using the highly tractable model organism Drosophila
melanogaster, we have generated a null allele of the fruit fly ortholog of TM2D3, almondex (amx).
Importantly, we have found that amx mutants are short lived and exhibit climbing deficits, indicative
of neuronal dysfunction. Functional studies in the Drosophila giant fiber system and the use of
electroretinogram (ERG) have uncovered defects in proper neuron function in amx mutants.
Interestingly, introduction of wild-type human TM2D3 in amx mutants suppresses lifespan and
climbing defects, indicating that the human protein can functionally replace Amx and function in vivo
in Drosophila. This gives us a platform to probe the molecular function of TM2D3, as well as the effect
of the LOAD linked variant of TM2D3 (p.P155L).

Additionally, embryos from amx mutant females exhibit a neurogenic phenotype, indicative of loss of
proper Notch signaling during embryonic development. Past epistasis experiments have suggested
that amx is genetically involved in the proteolytic processing of the Notch receptor. Since the
metalloprotease ADAM10 and the intramembrane protease complex g-secretase are both involved in
the processing of Notch receptors and APP, we hypothesize that TM2D3 (and Amx) acts as a regulator
of ADAM10 and/or g-secretase. Taking advantage of genetic epistasis experiments that are possible in
Drosophila, we aim to precisely determine at what step TM2D3 acts genetically to understand its
molecular function in the context of LOAD.
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Malformations of cortical development (MCD) are congenital anomalies that result from abnormal
proliferation, migration and organisation of fetal neurones during brain development causing brain
anomalies such as primary microcephaly, lissencephaly, periventricular nodular heterotopia (PVNH),
cortical dysplasia and polymicrogyria (PMG). Over the past 2 decades a large number of novel genetic
causes have been described. Aims: To study the spectrum of genetic pathways involved in cortical
development and examine genetic heterogeneity in a cohort of 400 individuals with MCD. Methods:
Patients with MCD who had undergone exome sequencing were identified from 2 sources: (1) DDD
(Deciphering Developmental Disorders) study: Exome sequencing was carried out on 13,451
individuals with suspected rare genetic disorders. A comprehensive list of 21 HPO (human phenotype
ontology) terms related to MCD were used to identify a subset of 294 patients and their exome data
was accessed through a filtered list of candidate variants provided by DDD (2)Genetics of Structural
Brain Abnormalities and learning difficulties (GOSBA) study: Trio exome sequencing data from 106
probands were examined for known and novel genetic variants. The phenotype was assessed in detail
via a bespoke clinical questionnaire , review of MRI brain scans and neuropathological findings and
studying facial dysmorphism. Results: 68 individuals with MCD (68/400 or 17%) were found to have a
reportable genetic variant in a gene previously reported to cause a brain phenotype (n=39 genes);
the most common being DYNC1H1 (n=8 affected individuals). An additional 17 patients had variants
in novel genes (n=9 genes, published) causing a specific brain phenotype - PGAP3, PIGY, DENR,
SOX11, ERMARD, PI4KA, HNRNPK, NEDD4L and CCNDZ2, taking the diagnostic yield up to ~27%.
Putative candidate variants that need further exploration have been identified in an additional 150
patients. Cellular genetic pathways such as microtubule, GPI anchor and AKT-PI3KA pathways were
identified as critical for cortical development. Conclusion: Our study demonstrates a wide genetic
heterogeneity in MCD - 48 different genes accounted for the MCD in 85 patients. A large proportion of
MCD cases (~70 %) therefore remain unsolved despite using newer testing technology such as exome
sequencing. Due to the wide genetic and phenotypic heterogeneity reporting of novel genes can be
slow and labour-intensive.
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Regulatory Factor X (RFXs) proteins are a family of developmentally important transcription factors
that share highly-conserved DNA binding domains. Knockout studies of Rfx2, Rfx3, Rfx4, and Rfx7 in
mice and Xenopus demonstrate important roles for these genes in embryogenesis, central nervous
system development and ciliogenesis. Expression patterns of human RFX2, RFX3, RFX4 and RFX7
show strong tissue specificity to human brain, and are under marked haploinsufficient constraint in
human populations. We report a total of 31 patients (28 probands) with de novo or inherited



heterozygous mutations in RFX family members in association with autistic features and other
neurobehavioral abnormalities: RFX3 mutations (17 patients), RFX2 (2), RFX4 (3), and RFX7 (9). These
cases share in common neurobehavioral features including autism spectrum disorder (ASD), ADHD,
and mild intellectual disability. Other frequent features included hypotonia, subtle dysmorphisms, and
sleep disorder. Functional analysis of the spectrum of mutations encountered is consistent with a loss-
of-function mechanism. Collectively, de novo mutations in RFX family members may comprise one of
the more common genetically identifiable causes of ASD, and point to a network of brain-expressed
targets that illuminate critical disease-associated neurobiological pathways for this disorder.
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Agenesis of corpus callosum (ACC) is an uncommon congenital anomaly, its etiology is unclear and its
pathogenesis is controversial. Cases with ACC often have other non-ACC associated congenital
anomalies. The purpose of this study was to assess the prevalence and the types of these associated
anomalies in a defined population. The associated anomalies in cases with ACC were collected in all
livebirths, stillbirths and terminations of pregnancy during 29 years in 387,067 consecutive births in
the area covered by our population-based registry of congenital malformations. Of the 99 cases with
ACC, representing a prevalence of 2.56 per 10,000, 73 (73.7%) had associated anomalies. There were
16 (16.2%) cases with chromosomal abnormalities, and 13 (13.2%) nonchromosomal recognized
dysmorphic conditions including syndromes 2 each: Aicardi, Dandy-Walker, and fetal alcoholism. Forty
four (44.4%) of the cases had non syndromic multiple congenital anomalies (MCA). Anomalies in the
musculoskeletal, the urogenital, the central nervous, the cardiovascular, and the digestive systems
were the most common other anomalies in the cases with MCA. The anomalies associated with ACC
could be classified into a recognizable malformation syndrome in 29 out of the 73 cases (39.7 %) with
associated anomalies. This study included special strengths: it is population-based, each affected
child was examined by a geneticist, all elective terminations were ascertained, and the surveillance
for anomalies was continued until 2 years of age. In conclusion the overall prevalence of associated
anomalies, three of four cases, emphasizes the need for a screening for other anomalies in cases with
ACC.
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Deletions of chromosome 1p36 are the most common terminal deletions in humans and associated
with high incidence of the brain defects. The arginine-glutamic acid dipeptide repeats gene (RERE) is
located in a proximal critical region on chromosome 1p36. Pathogenic mutations in RERE have been
identified as causative variants for defects seen in individuals with proximal 1p36 deletions.
Cerebellar vermis anomalies are documented in 50% of individuals with these mutations in RERE and
RERE-deficient mice show incomplete foliation in the vermis. Although RERE play a critical role in the
vermis development, morphogenic and molecular mechanisms by which tissue specific depletion of
RERE causes in the vermis are not clearly described in early embryonic cerebellum. The development
of midbrain and cerebellum is initiated by the isthmic organizer (I0) located in the midbrain-hindbrain
junction at E9.5. A bilateral, wing-like shaped cerebellar primordium transforms into cylinder-shaped
morphology along the medial-lateral axis between E12 and E15.5. In this study, floxed Rere allele is
excised in the midbrain-hindbrain junction by Pax2-Cre recombinase. The bilateral wings of the
cerebellum are fused in medial region in control embryos at E13.5. In contrast, midline fusion of these
wings is failed in Pax2-Cre;Rere™ embryos. Even though medial region of Pax2-Cre;Rere” embryo
cerebellum is fused at E15.5, development of midline fusion is limited in comparison with control
embryos. At E18.5, four fissures are not formed in the vermis primordium of Pax2-Cre;Rere™ embryos
while these fissures appear in control embryos. In addition, development of the inferior colliculus in
the midbrain is attenuated in mutant embryos while the inferior colliculus is completely developed in
control embryos. We also showed that expression of Wnt1, Fgf8, Enl and En2-which are known to be
key regulators for development of the midbrain and the cerebellum- is downregulated in the mutant
embryo cerebellums in comparison with that of the control embryos at E14.5. Taken together, these
results suggest that tissue-specific ablation of Rere is enough to lead abnormal development of the
vermis and Rere regulates expression of genes that are important for development of the midbrain
and the cerebellum during the early embryonic period.
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Background: Microcephaly is a complex and multifactorial birth defect with occipital frontal
circumference (OFC) of >2 SDs below the population mean. There is a growing number of researchers
focusing of the genes linked to the diesase. To date, almost 800 genes related to microcephaly have
been identified including 18 pathogenic genes of microcephaly primary hereditary (MCPH). Only 3
cohorts using exome sequencing to identify genes linked to microcephaly.

Methods: We included 80 patients with microcephaly. CNV-seq and whole-exome sequencing (WES)
were performed on the patients. Relevant clinical profiles of each patient was collected by
experienced neurologists.

Results: We identified 8 CNVs and 34 genes related to microcephaly. The top 6 common genes in our
cohort was DYRKIA (5 patients), ASPM (4 patients), TUBAIA (3 patients) and CASK, FOXG1, PNKP (2
patients). Other genes were found in only one patient, respectively. Among the 34 genes, there were
26 reported genes for microcephaly (76.5%) , 3 unreported genes for microcephaly (ARF1, MPDZ,
ZNF462; 8.8%) and 5 candidate genes for microcephaly (SMG6, BTBD9, FOCAD,
TMEM147,THSD7A;14.7%). These patients presented with clinical features such as developmental
delay, seizures, dysmorphic feature.

Conclusion: Our research included the largest cohort with developmental disorder and microcephaly
and clarified the genetic and clinical spectrum of the disease to date. We also identified genes with
novel clinical phenotypes as microcephaly and several novel candidate genes. Our research
contributed to the understanding of genetic etiology of microcephaly and provided clues for genetic
counseling.
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Spread of Zika virus (ZIKV) is linked to an increase in neurological diseases including Guillan-Barré
syndrome and congenital microcephaly, yet the underlying molecular mechanisms are mostly
unknown. Recent work suggests increased pathogenicity of the Puerto Rican ZIKV strain is associated
with missense mutations that occurred in pre-Membrane protein (prM) and NonStructural protein 1
(NS1). These changes make Puerto Rican ZIKV strains distinct from those isolated in Central Africa
and Southeast Asia and may contribute to worsening outcomes of ZIKV infection.

To better understand how ZIKV causes neurological sequelae in humans, and why Puerto Rican strains
appear more pathogenic, we are using the fruit fly Drosophila melanogaster to assess the interactions
between ZIKV proteins and host cellular pathways. We have also investigated if more ancient versions
of ZIKV proteins elicit the same effects on these pathways as the modern Puerto Rican strain. We
generated transgenic flies that allow expression of individual ZIKV proteins under the control of a UAS
element to determine the effect of ZIKV protein expression in diverse tissues in vivo. Interestingly,
using the sequences from the Puerto Rican strain, we found that most factors exhibited a scorable
phenotype when expressed in the nervous system or developing tissues. Some phenotypes such as
reduced brain size and sensory bristle loss suggest that multiple ZIKV proteins can modulate
neurodevelopment. We have also generated transgenic flies expressing the more ancient and less
pathogenic Cambodian strain ZIKV proteins. Interestingly we found the Cambodian strain NS1 protein
does not display the phenotypes caused by the Puerto Rican NS1 suggesting that a single missense
mutation in NS1 may contribute to the worsening outcomes of ZIKV infection in the Puerto Rican
strain. This study demonstrates the value of Drosophila in the functional characterization of viral
factors and has allowed us to begin to unravel the mechanism of ZIKV mediated neurological disease.
It has also given early insight into the evolution of ZIKV pathogenicity and identified possibly
causative missense mutations explaining worsening outcomes of ZIKV infection in South America.
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Introduction: Cerebral palsy (CP) is the most common severe motor disability in children. It's not a
disease but a combination of signs and symptoms. Different patterns of inheritance and genetic
heterogeneity are known to CP. Some neurologic and metabolic genetic disorders which mimic the
clinical characteristics with CP are more likely to be misdiagnosed. Whole exome sequencing (WES)
for a patient, initially diagnosed as CP, revealed a nonsense variant in the MAGEL2 gene. MAGEL?2 is a
maternally imprinted, paternal-only expressed, gene located in the Prader-Willi critical region
15q11-15q913. Loss-of-function variants in paternal allele of MAGEL2 has been described in Schaaf-
Yang syndrome (SHFYNG), which is a neurodevelopmental disorder shared partial phenotypes overlap
with Prader-Willi Syndrome, including neonatal hypotonia, feeding problems, and developmental
delay/ intellectual disability. Male individual with MAGEL2 pathogenic variant is at 50% risk for
producing an affected child. Here we report the first successful preimplantation genetic testing for
monogenic defects (PGT-M) for SHFYNG using Karyomapping.

Materials and Methods: A Chinese family with 5 patients initially misdiagnosed as CP was recruited
in our Reproductive Genetic Clinic. Four of the patients died after birth due to atelectasis. WES was
used to identify pathogenic variant of the only survive 11-year-old proband. Karyomapping, a method
employing genome-wide analysis of SNP, was used as PGT-M protocol. Analysis of DNA from the
proband and his parent revealed informative SNPs linked with the MAGEL2 pathogenic variant. These
SNPs were subsequently used for embryo diagnosis.

Results: The WES for the proband, misdiagnosed and treated as CP, revealed a novel nonsense
pathogenic variant of ¢.2895 G>A (p.Trp965*) in the MAGEL?2 gene. The variant was inherited form his
unaffected father and paternal grandmother. Five embryos underwent trophectoderm biopsy followed
by vitrification in the second cycle. Through Karyomapping analysis, 2 embryos without inheritance of
the MAGELZ2 pathogenic variant haplotype were diagnosed as unaffected. One unaffected embryo was
transferred, with one healthy baby was born at 38 gestational weeks.

Conclusions: This is the first report of Karyomapping-based PGT-M for a SHFYNG family initially
misdiagnosed as CP. Karyomapping could be used to identify embryos with monogenic defects.
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Air pollution adversely alters the early phases of human development. Gestational air pollution
exposure is associated with long-lasting neurodevelopmental effects including increased risk of
autism, depression, and decreased intellectual capacity. The molecular mechanisms for this toxicity
have not been examined at the transcriptomic level. In this study, pregnant dams were exposed to
urban derived nanosized particulate matter (nPM). Three-month male and female offspring were
studied for cognitive changes using forced swim and elevated plus behavior tests. At 4.5 months of
age, hippocampal transcriptomic changes were analyzed by RNAseq to identify the genes associated
with the observed behavioral changes. Male offspring showed increased immobility time in the forced
swim test and increased open arm entry in the elevated plus test, which indicates increased
depressive behavior and decreased anxiety, respectively. Weighted gene co-expression analysis of
the hippocampal transcriptome changes identified a module of 43 genes with sex-specific gene
responses to gestational nPM exposure. These genes were enriched for several nervous system
pathways, including G-protein coupled receptor, GABA receptor, and Opioid signaling pathways. The
identified genes were tested for association with the observed behavioral changes. The forced swim
was associated with several nPM responsive genes related to synaptic long-term potentiation and
CCR5 signaling pathways. The genes associated with elevated plus were enriched for immune-related
pathways such as GP6 signaling and pattern recognition pathways. In conclusion, this study identified
several transcriptomic profiles for further study on gestational air pollution toxicity on the brain.
Understanding the causal relationship of the identified genes with depressive and anxiety-like
behaviors may have important implications for therapeutic and intervention development research.
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47,XXY (Klinefelter syndrome) is the most common X&Y chromosomal variation (1:660 males). The
phenotype includes accelerated height, language-based learning disorders, motor delays & behavioral
problems. Past studies demonstrated hormonal replacement therapy (HRT) may improve
neurodevelopment of boys with 47,XXY. The progression of anxiety related symptoms throughout
childhood & the potential impact of HRT at each age has not been investigated.

Parents of 48 toddlers (group A), 44 boys between 6 & 10 years (group B) & 42 boys between 11-18
years (group C) with 47,XXY completed Child Behavior Checklists. 58.3% of A, 61.4% of B & 72.6% of
C received HRT (T). The rest were untreated (U). HRT was based on an evaluation by a pediatric
endocrinologist. Hotelling’s T-squared distributions were completed to analyze differences between
U&T groups.

In group A, 10% of non-HRT (A-U) showed symptoms above the 97" percentile (clinically elevated) in
internalizing & externalizing problems. 3.57% of A-T had clinically elevated symptoms in externalizing
& total problems. A-T had fewer symptoms in affective (P=0.017) & total problems (P=0.03)
compared to A-U.

23.53% of B-U were clinically elevated in internalizing & total problems. 11.76% of B-U were clinically
elevated in anxious/depressed, somatic complaints, thought, externalizing & affective problems. B-T

had fewer symptoms but were clinically elevated in internalizing (14.81%), externalizing (11.11%) &

total problems (11.11%). B-T had fewer symptoms in somatic complaints (P=0.01), thought (P=0.07)
& somatic problems (P=0.01).

C-U group was clinically elevated in internalizing (60%), anxiety (50%), & anxious/depressed (40%).
30% of C-U was clinically elevated in somatic complaints, total & affective problems. 21.88% of C-T
was clinically elevated in internalizing & total problems. 12.5% were elevated in affective & anxiety
problems. C-T had less symptoms in anxious/depressed (P=0.01), thought (P=0.03), externalizing
(P=0.04), total (P=0.03), & affective problems (P=0.02).

Our findings demonstrate anxiety related symptoms appear to be a penetrant aspect of the 47,XXY
phenotype as early as 3 years, with severity possibly increasing with age. This research supports the
potential positive effect of HRT on neurodevelopment in boys with 47,XXY with less reported



symptoms in HRT-boys at all ages. Further studies should explore the impact of HRT on specific
symptoms of anxiety to develop more personalized & precise treatments.
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Hair cells in the inner ear enable the perception of sound through the process of mechano-
transduction, rendering them indispensable for hearing. Regeneration of these hair cells occurs
naturally in non-mammalian vertebrates like fish, amphibians and birds. In mammals, hair cells can
regenerate at young ages to a minimal extent, in response to specific genetic interventions. One such
intervention is the ectopic expression of transcription factor Atohl. It is known that the expression of
a transcription factor cocktail comprising Atoh1, Gfil and Pou4f3 can reprogram the transcriptomic
signature of mouse embryonic stem cells towards that of inner ear hair cells. However, the effects of
these transcription factor combinations on the underlying hair cell genetic network, and the relative
responsiveness of ‘non-hair cells’ to such reprogramming signals remain unknown.

We targeted the Rosa26 locus to allow conditional overexpression of Atohl alone (Rosa26-A), Gfil,
Atohl (Rosa26-GA) and Gfil, Atohl, Pouf43 (Rosa26-GAP) each. Mice harboring these conditional
alleles were bred with Sox9-CreER mice to achieve overexpression in the greater epithelial ridge
(GER) cells of the neonatal mouse cochlea after tamoxifen administration at birth. Immunostaining for
hair cell markers showed the presence of a large number of ectopic hair cells in the GER of these
cochleae in comparison to the wild type control animals, by one week of age. Further, these ectopic
hair cells stained positive for Vglut3, an inner hair cell marker and not for Prestin, an outer hair cell
marker.

Our next steps include the extensive characterisation of these ectopic hair cells by performing a
single cell RNA seq followed by a bulk RNA seq. Through the single cell RNA seq, we aim to
understand which cell population these ectopic hair cells most closely resemble. Once the cell
population type is determined, we plan to perform a bulk RNA seq on this population to understand
the difference in transcriptomic signatures of each conditional overexpression case with respect to
the wildtype. Through this work, we aim to compare and understand the effect of additonal
transcription factors Gfil and Pou4f3 with Atohl, in turning on specific gene networks to reprogram
the GER cells in the neonatal mouse cochlea into hair cells. Understanding the principles governing
mammalian hair cell regeneration will enable the achievement of efficient therapeutic strategies for
treating human hearing loss in future.
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The male-abnormal 21 family has three members, MAB21L1, MAB21L2 and MAB21L3, with their
corresponding roles in development only beginning to be understood. MAB21L1 shares 94% protein
identity with MAB21L2, a protein previously shown to have a role in vertebrate eye development and
human disease. Recent reports have also described homozygous MAB21L1 mutations in humans
associated with ocular abnormalities including corneal dystrophy, and systemic features such as facial
dysmorphism, scrotal agenesis and cerebellar malformation. Null Mab21/1 mice likewise display
developmental eye defects affecting the optic cup and anterior chamber structures. Using zebrafish
and human patient DNA, our study expands on the developmental role of MAB21L1/mab21l1 along
with the spectrum of phenotypes associated with its deficiency.

To study the role of mab21/1 in development, we utilized the zebrafish model. TALENs were used to
generate a genetic mutation, mab21/1 c.107delA p.[K36Rfs*7]. This line was examined for ocular
anomalies using gross imaging, histology, immunohistochemistry and electron microscopy.
Homozygous adult fish 1-2 years of age display ocular abnormalities including cornea, lens and other
anterior segment defects, microphthalmia, and retinal degeneration. Craniofacial anomalies and
reduced survival were also noted. To determine age of onset, we collected specimens at 5-days post
fertilization (dpf), 8-dpf, 10-dpf, 14-dpf, 1-month post fertilization (mpf), and 2-mpf. The phenotype is
first observed 5-dpf (abnormally thin cornea) with additional progressive changes identified at later
stages.

To evaluate MAB21L1's contribution to human disorders, we screened DNA samples from patients
with various developmental ocular conditions by Sanger sequencing of the MAB21L1 coding region.
This revealed two variants, ¢.184C>T, p.[Arg62Cys] and ¢.658G>C, p.[G220R], in two unrelated
patients with colobomatous microphthalmia. The pathogenicity of these variants was unclear and
functional tests performed to understand their effects, including protein stability, localization and
complementation assays. While protein stability and localization are undisrupted, complementation
assays using zebrafish mutants suggested mild functional deficiency. Additional studies are ongoing
to identify new human variants. Studies are also in progress to elucidate the molecular function of the
protein to aid in functional testing of newly identified human variants.
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The gene forkhead box C1 (FOXCI) encodes a forkhead/winged helix transcription factor involved in
embryonic development. Mutations in FOXC1 cause developmental eye disorders like Axenfeld-Rieger
syndrome type 3 or anterior segment dysgenesis, usually following an autosomal dominant
inheritance pattern. Some patients also present other non-ocular defects like cardiac and craniofacial
abnormalities. There are two zebrafish orthologous genes, foxcla and foxclb. Both zebrafish genes
demonstrate evolutionary conservation with the human ortholog, especially in the forkhead and
activation domains. The lack of foxcla in zebrafish produces defects in somitogenesis, heart and
craniofacial region. In this study we use the zebrafish as an animal model to further study the role of
FOXC1 in the eye development.

Using CRISPRs we generated single foxcla and foxclb knockout zebrafish lines, carrying p.[D71*] and
p.[A86Dfs*30] alleles correspondingly, and used them to obtain foxcla/foxclb double knockout
embryos (D-KO). Both foxcl mutations are predicted to produce complete loss-of-function alleles
because of an early truncation affecting the forkhead and C-terminal domains.

foxcla-/- homozygous embryos showed anomalies in blood flow, microphthalmia and periocular
edema, as well as embryonic lethality, while heterozygous foxcla+/- and heterozygous or
homozygous foxclb embryos did not display any visible phenotype and survived to adulthood. To
further evaluate foxcla/b dosage requirements and to generate D-KO embryos, we raised adults
carrying heterozygous foxcla and homozygous foxclb alleles. The foxcla+/-;,foxclb-/- fish
demonstrated reduced survival, craniofacial, skeletal and ocular defects, thus displaying a dominant
phenotype for the foxcla mutation in foxcIb-deficient background and exposing a role of foxclb in
the development/maintenance of the affected structures. Embryos with deficiency for a single
(foxcla) or both (foxcl D-KO) genes were examined by histology and showed similar ocular defects;
also, analysis of eye vasculature was performed using Tg(flila-GFP)/foxcla+/- animals and showed
severe abnormalities. To identify downstream effects of foxcl deficiency, D-KO eye samples were
collected at different developmental stages, RNAseq was performed and results will be presented. Our
data show that foxc1 is necessary for the proper eye development in zebrafish and that the
developed zebrafish lines serve as a suitable model for FOXCI-related human ocular disease.
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Introduction: Cell-free DNA (cfDNA) aneuploidy screening in multifetal pregnancies has been validated
and clinically available since 2012. Since that time, over 900 samples from triplet gestations have
been submitted for screening to one laboratory. Here, we describe the laboratory experience of the
MaterniT®21 PLUS test in triplets.

Methods: Maternal blood samples submitted to Sequenom Laboratories® for MaterniT®21 PLUS testing
were subjected to DNA extraction, library preparation, and genome-wide massively parallel
sequencing as previously described by Jensen et al. Data analysis was performed on samples
submitted for testing with a fetal number of ‘three’ indicated on the test requisition. Outcome data
were elicited by phone or email from the ordering provider.

Results: From 2013 to 2019, 932 triplet samples were submitted for cfDNA screening. The majority of
samples (79.2%) received a reportable result (i.e. positive or negative); the average fetal fraction (FF)
in the reportable samples was 13.8%. This triplet cohort had a higher non-reportable (NR) rate due to
low FF (20.2%) when compared to singleton pregnancies (<1%). In triplet samples that were NR due
to low FF the average FF was 8.3%, well within the reportable range for a singleton, however the FF
requirements for triplets are approximately three fold. Very few NRs were due to technical reasons
(0.6%). The overall positivity rate for trisomy 21, 18, 13 in this cohort was <1% (n=7). Results of
diagnostic testing were available for two of the seven positive cases, and both cases confirmed the
cfDNA finding. Two additional cases had significant clinical findings consistent with increased risk for
trisomy. No false negatives were reported to the laboratory. For the overall triplet cohort, the average
turnaround time was 5.74 calendar days. Average turnaround times continue to decrease; in triplet
samples resulted in 2018 and 2019 the average turnaround time improved to 3.8 and 3.15 calendar
days, respectively.

Conclusions: cfDNA screening and ultrasound represent the only options for aneuploidy screening in
triplets and other higher order multiples since serum screening is only available for singletons and
twins. Higher NR rates are largely attributed to more stringent signal-to-noise ratio and higher FF
requirements in multifetal pregnancies. Outcome information submitted from ordering providers
suggest that cfDNA screening is an accurate and reliable screening method for triplet gestations.
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Single-tube PCR-based Library Preparation (PCRLP) for Preimplantation Genetic Testing for Aneuploidy
(PGT-A) by Next Generation Sequencing (NGS) is a new technology that has advantages over
traditional two-step approaches, including protocol time efficiencies and reduced hands-on time.
Validation of new technologies is important, and a powerful way to do this is with cross-validation.
However, this is challenging with trophectoderm (TE) biopsies that typically provide limited sample
template. Embryos can be re-biopsied, but biological variation in the form of mosaicism complicates
data reporting. An alternative approach is possible using a novel single-tube PCRLP for PGT-A,
developed based on the PerkinEImer DOPlify® WGA kit. This approach has the traditional advantages
of PCRLP approaches but also allows cross-validation from a single TE biopsy.

Here, we describe the development of a novel approach for PCRLP of TE biopsies that allows cross-
platform NGS using either Illumina® or lon Torrent® sequencing technology.

Five-cell samples resembling TE biopsies were manually sorted from aneuploid cell lines (Coriell
Institute). Cell lysis and WGA were performed using a modified DOPIlify® kit protocol (PerkinElmer).
WGA DNA was split and a second round of PCR was performed for incorporation of either lllumina® or
lon Torrent® specific adapter sequences. Amplified, indexed cell samples were purified, quantified
and pooled before sequencing. Illumina® sequencing was undertaken on the MiSeq® instrument
(Nlumina®) while lon Torrent® sequencing was performed on the S5 instrument (Thermo Fisher®).
Sequencing data was analysed for correct aneuploidy calling using PG-Find™ software (PerkinElmer).
[llumina® samples yielded an average of 580,000 reads per sample with 98.2% of reads mapping to
hgl19. lon Torrent® samples yielded an average of 470,000 reads per sample with 97.9% of reads
mapping to hgl9. All samples passed quality control and displayed the expected karyotype when
analysed by PG-Find™ software.

This novel PCRLP workflow provides rapid, scalable and economical sequencing for PGT-A and
provides the capability for cross-platform sequencing validation of a single embryo biopsy for PGT-A.
This flexible workflow also allows customisable throughput and tailorable resolution to detect smaller
segmental aberrations. Large-scale cell-line validation of both the lllumina® and lon Torrent®
workflows are underway.

For research use only. Not for use in diagnostic procedures.
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Approximately 10% of women world-wide experience pregnancy difficulties. Aneuploidy is a major
contributor of pregnancy problems in women, resulting in pregnancy loss and in vitro fertilization (IVF)
failure. Although most aneuploid conceptions are thought to originate from female meiotic division
errors, quantitative studies that formally link the observed phenotypes to underlying error
mechanisms are lacking. The goal of this project is to classify mechanisms of erroneous chromosome
segregations underlying the production of poor-quality eggs.

Using mathematical modeling we investigate the rates of chromosomal mis-segregations that lead to
aneuploid conceptions. In the model, the probabilities of all gamete outcomes are modelled as the
combination of different types of errors. We consider the probability of non-disjunction (NDJ) errors in
both Meiosis | (MI-NDJ) and Meiosis Il (MII-NDJ), and premature separation of sister chromatids (PSSC)
in Meiosis | (MI-PSSC). The rates were parameterized based on published preimplantation genetic
testing for aneuploidy (PGT-A) results performed on trophectoderm cells during IVF procedures. Our
results demonstrate that we can model all possible conception outcomes with five parameters that
approximated the observed data. Using our modeling strategy, we observed MI-PSSC to be more
prevalent than MI-NDJ across all the ages, a result that has long been speculated. The modeling also
revealed the non-independence of Meiosis | and Meiosis Il errors. Namely, abnormal secondary
oocytes were more likely to suffer from additional segregating errors during Meiosis Il. We show how
the model can be used to identify IVF patients that are outliers for the number of aneuploid embryos
based on their PGT-A results. Overall, the dynamic nature of the mathematical model makes it a
potential tool for predicting the outcomes of assisted reproduction. This in turn could help to improve
implantation success rates which have lingered at 30% for the past 20 years.
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Background:

With the improvement of Preimplantation Genetic Testing for Aneuploidies (PGT-A) in live birth rate,
this intervention has been widely used but controversial on its potential effect by biopsy and cost-
effectiveness. The application of spent culture media (SCM) from blastocysts for aneuploidy screening
by Raman spectroscopy has been reported to be success recently and we are interested to assess its
performance.

Methods:

A total of 239 SCM samples from 63 cycles were collected from 2018 to 2019. The collected media
has both G1/G2 and GTL as base media from blastocyst in PGT cohort (230 SCM from 55 cycles) and
were separately trained and tested. There were 111 SCM have done PGT-A on blastocyst biopsy, SCM
and Raman parallelly. Nine SCM from 8 cycles have reproductive outcomes in non-PGT cohort. PGT-A
results was regarded as the standard and reproductive outcome using clinical pregnancy as cutoff,
Raman spectra of SCM of the corresponding embryos were classified into normal or abnormal. The
algorithms were trained by a set of known PGT-A samples, and then tested the rest blindly. The
spectra data were predicted by 5 machine learning algorithms: Convolutional Neural Networks (CNN),
k-nearest neighbors (kNN), random forests (RF), extreme gradient boosting (XGB), and stacking.
Results:

There were 84 abnormal and 46 normal SCM from G1/G2 group, while 34 abnormal and 28 normal
from GTL group. At the first phase, all SCM in both groups were analyzed. The best prediction model
was stacking for both G1/G2 and GTL groups, with an overall (GTL+G1/G2) 95.41% positive predictive
value (PPV), and 53.1% negative predictive value (NPV), with 93.24% specificity and 63.03%
sensitivity. The testing duration of each sample was around 5 minutes, enabling a fast turnaround
time. In phase two, by further excluding segmental, subchomosomal, mosaic and sex chromosomal
aneuploidies, leaving only single/multiple numerical aneuploidies and euploid to analysis on 136
samples. The best prediction model was XGB, with an overall PPV of 93.33% and NPV of 76.90%, with
specificity at 95.89% and sensitivity at 66.67%.

Conclusion:



Raman spectroscopy on spent culture media for PGT-A has a good performance on positive predictive
value. Although the nature of Raman spectrum has a relatively low sensitivity, its ease of use, quick
turn-around time, and non-invasiveness merits. Raman spectroscopy as a first-tier screening test for

excluding single and multiple numerical aneuploidies.
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Despite a recent surge in novel gene discovery, genetic causes of prenatal-lethal phenotypes remain
poorly defined. To advance gene discovery in prenatal-lethal disorders, we created an easy-to-mine
database integrating known human phenotypes with inheritance pattern, scores of genetic constraint,
and murine and cellular knockout phenotypes—then critically assessed defining features of known
prenatal-lethal genes, among 3187 OMIM genes, and relative to 16,009 non-disease genes.

While around one-third (39%) of protein-coding genes are essential for murine development, we
curate only 3% (624) of human protein-coding genes linked currently to prenatal/infantile lethal
disorders. 75% prenatal-lethal genes are linked to developmental lethality in knockout mice,
compared to 54% for all OMIM genes and 34% among non-disease genes. Genetic constraint
correlates with inheritance pattern (autosomal recessive << autosomal dominant < X-linked), and is
greatest among prenatal-lethal genes. Importantly, over 90% of recessive genes show neither
missense nor loss-of-function constraint, even for prenatal-lethal genes. Detailed ontology mapping
for 624 prenatal-lethal genes shows marked enrichment among dominant genes for nuclear proteins
with roles in RNA/DNA biology, with recessive genes enriched in cytoplasmic (mitochondrial)
metabolic proteins.

We conclude that genes without genetic constraint should not be excluded as potential novel disease
genes, and especially for recessive conditions (under 10% constrained). Prenatal lethal genes are 5.9-
fold more likely to be associated with a lethal murine phenotype than non-disease genes. Cell
essential genes are largely a subset of mouse-lethal genes, notably under-represented among known
OMIM genes, and strong candidates for gamete/embryo non-viability. We therefore curate 3435
‘candidate developmental lethal’ human genes: essential for murine development or cellular viability,
not yet linked to human disorders, presenting strong candidates for unexplained infertility and
prenatal/infantile mortality.



n= A+

PgmNr 573: Localization of beta and gamma actin in early
fetal brain development.
Authors:

l. Niehaus *; N. Walker *; M.B. Rasonja *; N. Jovanov *; E. Schrock *; W.B. Huttner *; N. Di Donato *; M.
Heide °

IView Session| |Add to Schedule]

Affiliations:

1) Medical Faculty Carl Gustav Carus, TU Dresden, Institute for Clinical Genetics, Dresden, Germany;
2) Croatian Institute for Brain Research, School of Medicine, University of Zagreb; 3) Max Planck
Institute of Molecular Cell Biology and Genetics, Dresden, Germany

Actin is an ubiquitously expressed protein and plays a tremendous role in multiple cell functions. The
family of Actin consists of 6 isoforms, whereby only the two cytoskeletal isoforms BCYA and yCYA are
expressed in adult as well as in fetal brains. The distribution of BCYA and yCYA in the human cortex is
not yet known. We analyzed the enrichment of these two isoforms in early fetal corticogenesis. In
sections of 12 weeks post conception (wpc) neocortex, YCYA is the predominant isoform in all layers
except the adhesion junction belt of the ventricular zone (VZ) and marginal zone (MZ) where BCYA
represents the major actin isoform. At 16 wpc the expression pattern changes. BCYA becomes the
predominant isoform in the cortical plate (CP) and MZ. Additionally, we analyzed the intracellular
distribution of the two isoforms in in vitro differentiated neural progenitor cells (NPC) and neurons. In
NPC, both isoforms are concentrated to the cell periphery rather than the lumen. Neurons show an
increased enrichment of BCYA in neurites and cell processes of single cells, whereas yCYA prevails in
the cell body. In migrating neurons, BCYA is the predominant actin isoform of the cell lumen.

We will present a detailed assessment of differential enrichment of the two cytoskeletal actin isoforms
during early human corticogenesis on cellular and subcellular levels.
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47,XXY is the most common X&Y chromosomal variation (1:600) & the motor planning deficits have
not been investigated. Specific motor planning deficits & potential impact of Hormonal Replacement
Therapy (HRT) was investigated.

80 boys with 47,XXY were evaluated with Amsterdam Neuropsychological Test (ANT), Beery Buktenica
Developmental Test of Visual-Motor Integration (BEERY-6), Bruininks-Oseretsky Test (BOT-2),
Comprehensive Trail Making Test (CTMT) & Weschler Intelligence Scale for Children (WISC-IV &V).
There were four groups: non-HRT, early hormonal therapy (EHT), hormonal booster therapy (HBT), or
EHT&HBT (EB). 45 did not receive HRT; EHT-11; HBT-14; EB-10. HRT was given based on participant’s
pediatric endocrinologist’s evaluation.

All groups had below to low average scores on fine motor precision & manual dexterity on BOT-2 &
depressed scores in visuomotor & motor planning on ANT. Scores were below average on CTMT. On
Beery-6, all groups had below average motor coordination (MC) discrepant to visual motor integration
(VMI) & visual perception (VP). On WISC, the lowest scores were in coding.

ANOVA testing revealed significant differences for treatment groups in fine motor integration(FMI) on
BOT-2 (p=0.031), block design(BD) (p=0.049) & matrix reasoning(MR) (p=0.047) on WISC & VP on
Beery-6 (p=0.013). Post-hoc comparisons using Holm procedure indicated significant difference in FMI
(p=0.022) between non-HRT (M=12) & EHT (M=15). Significant differences for BD & MR existed
between non-HRT (M=11.09; 10.21) & EB (M=13.8; 13.6) (p=0.029; p=0.016). Significant differences
in VP (p=0.022) were evident between non-HRT (M=100.1) & EHT (M=114.1).

This is the first study to identify motor planning deficits in boys with 47,XXY and the findings begin to
delineate various aspects of motor planning dysfunction in 47,XXY. Paper & pencil tasks consistent
with dysgraphia are the weakest aspect of motor planning in 47,XXY as evident from scores on the
WISC, Beery-6, ANT, CTMT & BOT-2. These results demonstrate that HRT may have a positive
response on perceptual capabilities, with EHT treated boys performing better than non-HRT in VP &
FMI & EB performing better in BD & MR. This study supports previous research that HRT has a positive
impact on specific aspects of neurodevelopment in 47,XXY & also identified a selective response to
treatment within motor planning.
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Purpose: Expanded preconception carrier screening (ECS) identifies couples at risk for multiple
diseases. ECS reports currently include only pathogenic/likely-pathogenic (P/LP) variants. Variants of
unknown significance (VOUS) are not reported, unlike genomic or chromosomal-array test results in
other post- or pre-natal settings. This policy omits pairings of P/LP carriers with VOUS carriers
(P/LP*VOUS), who may be at-risk. This situation is expected to be particularly common in genes with
high P/LP carrier rates. We examined the possible contribution of P/LP¥*VOUS matings to the yield of
ECS in an Ashkenazi Jewish (A]) cohort, a population with well-established preconception screening.
Methods: We analyzed 672 A] genome sequences (225,456 virtual matings) for variants in three
different gene-sets, using automated and manual ACMG classification. Gene-sets analyzed were an A)
(55 genes), pan-ethnic (168 genes) and combined (180 genes) sets.

Results: Across 180 genes, we identified 4671 variants: 144 (3.1%) P/LP and 1963 (42%) VOUS. The
proportion of P/LP*P/LP and P/LP*VOUS couples at-risk was 2.7-3.8% and 17-20% respectively (for
different gene-sets). Considering only coding-VOUS (i.e. exonic non-UTR VOUS), the proportion of
P/LP*cVOUS couples at-risk was =7%. Most (65-70%) P/LP*VOUS matings were at risk for
severe/profoundly-severe diseases.

We also modeled different scenarios of VOUS reclassification, based on hypothetical fulfillment of
specific ACMG criteria. Hypothetical fulfillment of the PS4 criterion (significantly greater prevalence of
the variant in affected individuals vs. controls) would reclassify 89.2% of VOUS to P/LP. In contrast,
hypothetical fulfillment of the PM2 criterion (absence of the variant in controls) would reclassify only
1% of VOUS to P/LP.

Conclusions: Disregarding VOUS in ECS may miss couples at-risk for severe diseases. Even if only
10% of couples currently classified as P/LP*cVOUS are ultimately reclassified as P/LP*P/LP, ECS yield
would increase by =20%. This suggests that VOUS in current ECS genes are more likely to affect ECS
yield than sequencing an ever greater number of rare disease genes.

These results should not be interpreted as a call for including VOUS in ECS reports, but rather as
evidence for the importance of addressing variant classification in ECS-panel genes. Further data
collection on variants in affected individuals is likely to have the greatest impact on such
reclassification.
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Carrier screening of couples is currently limited to genetic disorders with a high frequency, a positive
family history or is majorily ethnicity based. Couples may not even be aware that they could be
carrying a genetic variant, which could lead to their unborn child developing a genetic disorder. In
most cases, carriers of a genetic disorder are asymptomatic and may have no family history and
unfortunately their carrier status is often confirmed only after an affected baby is born.

With the availability of advanced molecular technologies, like massively parellel sequencing,
expanded genetic screening aims to identify carriers for a much larger group of genetic diseases, not
limited to ethnicity or a positive family history.There is no carrier screening program available in India
,at present except for limited screening for thalassemia. Expanded carrier testing is the need of the
hour in a country with high population, high birth rate and a high rate of consanguinity.

Medgenome Labs have tested around 2000 Indian couples for their carrier status, using Next
Generation Sequencing and MLPA technology. We have screened couples for Autosomal and X-linked
recessive disorders and have provided clinically significant results, based on which the couples went
ahead for prenatal diagnosis. The most common indications for referral were previous child affected
or suspected to be affected with a genetic disorder [known/unknown], consanguinity, bad obstetric
history including recurrent pregnancy and IVF loss or a family history of suspected genetic disorder.
Carrier screening provides the couple an opportunity to take informed reproductive choices, including
prenatal diagnosis, pre-implantation genetic diagnosis or even preparedness for the newborn.

The data would also help to know the most common genetic disorders with their carrier frequency in
the Indian population and if there is any difference compared to the western literature. Most of the
carrier frequencies of genes and common variants is available from the western literature and
ethnicity based frequency of many genetic disorders are not available for Indian population. This
information can be used to counsel couples regarding their risk as well as help them take an informed
decision. This retrospective analysis will certainly help the primary care providers make guidelines for
primary as well as secondary prevention of rare genetic disorders which have an emotional and
financial burden on the parents and society
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Long autozygous (homozygous IBD segments) are enriched in low frequency and rare deleterious
variants. Its mapping in genotyping array studies captures the effects of non-genotyped variants with
recessive effects that may lie within these segments. Birth timing has a broad-sense heritability
ranging between 25-40%, and maternal and dominance components account for 15% and 11% of its
variance, respectively.

Here, we leveraged the relationship between parental genetic relatedness and offspring runs-of-
homozygosity (ROH) in 15000 family-trios to estimate autozygosity while avoiding the arbitrary
selection of calling parameters. We estimated the maternal, paternal and fetal effects of genome-
wide autozygosity and identified regions with recessive effects on spontaneous delivery risk.

DNA from 15000 triades from the Norwegian Mother and Child cohort was genotyped using different
[llumina arrays. We called ROH in the offspring multiple times varying the parameters used, and
selected, within each batch, those parameters that maximized the coefficient of determination
between offspring ROH and parental genetic relatedness. Autozygosity was then estimated in each
member of the family trios as the fraction of genome covered by autozygous segments. Genomic
regions with recessive effects were identified by autozygosity mapping. Cox proportional hazard
regressions were fitted in mothers, fathers and offspring to estimate the effect of genome-wide and
regional autozygosity on spontaneous delivery risk.

We observed differences in R ranging from 0.01 to 0.75 between offspring ROH and parental genetic
relatedness using different parameters, which were highly dependent on genotyping platform.
Genome-wide autozygosity analysis suggested a modest effect of maternal autozygosity on
spontaneous delivery risk (HR: 1.04 [95%Cl: 0.99,1.09]) and gestational age (beta: -0.6 [-1.0, -0.1]).
We observed no effect of fetal nor paternal autozygosity on birth timing. We identified 259 maternal
and 280 fetal variants with a false discovery rate <0.3 in at least two of the 3 batches studied (lowest
p-values 4.9x10™) in 7 protein coding genes (RELL1, TBC1D1, PGM2, RPTOR, CARD14, SLC26A11 and



GRHL2).

Genome-wide autozygosity in the mother is associated with modest effect on birth timing, but not in
the offspring nor father. Autozygosity mapping highlighted loci in glucose, insulin and cell
differentiation and growth pathways associated with spontaneous delivery risk.
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To create a sample-to-answer workflow with flexible throughput for expanded screening research of
carrier variants, we designed a multiplex next generation sequencing (NGS) panel targeting 99.96%
of coding bases plus flanking regions for 420 genes implicated in Mendelian disorders. This panel
includes several complex, high-value targets that are historically difficult to assess by NGS, including
the GBA, SMN1, CYP21A2, and HBA1/2 loci. Eight unlinked, non-exonic, high minor allele frequency
SNP markers were also included in the panel to generate a unique sequencing ID for each research
sample. Panel performance was tested against cell lines containing known variants, and under-
performing regions were iteratively redesigned to optimize a variety of parameters, including
percentage of bases covered within the targeted loci, evenness of target coverage, and ability to call
SNV, indel, and CNV variants. Libraries were created from as little as 20 ng of input DNA, yielding
>99% library success rate from cell line, blood, and buccal-swab samples tested. Libraries were
individually barcoded and then pooled to yield on average ~3M reads per library at up to 32 libraries
per each three hour semi-conductor-based sequencing run. At this read depth, analytical sensitivity
and specificity for key variants were >99% for SNV detection, and >98% for CNV detection, as
empirically determined using samples with known-truth variants. Analytical reproducibility of key
called-variants was >99% and no-call rate for key hotspot SNVs was <0.4%. Reporting software was
also created to provide functional context for, and rapid reporting of, identified variants.
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Background: 47,XXY (Klinefelter syndrome) is the most commonly occurring sex chromosomal
aneuploidy (1:650). The phenotypic profile of this syndrome ranges widely but is often associated with
executive dysfunction, speech and motor delay, and language-based learning disorders. Recent
research has shown that copy number variants (CNVs) may be associated with neurodevelopmental
disorders. However, the prevalence of CNVs in conjunction with 47,XXY, and subsequent effects on
neurodevelopmental variability, is not clearly defined. This study investigated the potential impact
that CNVs may have in boys with 47,XXY.

Method: Six boys (47-CNV) with 47,XXY and varying CNVs (1p36.22 duplication (dup), 2p23.3 dup,
5035.1 dup, 89g22.3 dup, 15g21.1 deletion (del), Xp22.31 dup) were compared to eleven boys (47)
with 47,XXY across cognition (COG), motor (MOT), auditory comprehension (AC), expressive
communication (EC), and expressive (EL) and receptive language (RL). Domains were evaluated using
the Bayley Scales of Infant Development (BSID), Preschool Language Scales (PLS), Expressive One
Word Picture Vocabulary (EOWPVT), and Receptive One Word Picture Vocabulary (ROWPVT). Ages for
all ranged from 24-59 months (M=29.7 £ 9.5).

Results: On the BSID, no significant differences were found in COG. There was a significant
difference in MOT (P=0.05), where the 47-CNV boys had lower MOT. Scores for EC on the PLS did not
reveal significant differences, but there was a difference between the 47-CNV boys and the 47 boys
regarding AC on the PLS (P=0.48), as the 47 boys exhibited higher capabilities. 47 boys had greater
EL (P=0.043) and RL (P=0.019) than the 47-CNV boys on the EOWPVT and ROWPVT.

Conclusion: The 47-CNV boys presented with lower capabilities in MOT, EL, RL, and AC than the 47
boys within the first 5 years of life. Research has shown that these domains are generally areas of
weakness for 47,XXY, and these results suggest that CNVs may be an underlying genetic component
contributing to the neurodevelopmental variability often seen in 47,XXY. When boys with 47,XXY
exhibit a greater degree of difficulty in their neurodevelopment, further genetic testing should be
considered to look for the presence of CNVs. Lastly, the CNVs described in this cohort are currently
reported to be of unknown clinical significance; thus, more research is warranted to determine if
these CNVs are also linked to neurodevelopment, and how these CNVs manifest themselves in



conjunction with 47,XXY.
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Fibroids are the most common benign gynecological tumors of the uterus accounting for 20-50%. It's
pathogenesis is poorly understood. It has been hypothesized that diet, lifestyle, immunological and
inflammatory processes may influence genetic polymorphisms of growth factors of uterine
leiomyoma. With paucity in data in Africa and Cameroon in particular, the VEGF -460 C/T is known to
pre-dispose women to fibroids where as FGF2 754C/G mutation has been shown to pre-dispose
women to adenomyosis even though its gene is implicated in the onset of fibroids. Thus we embarked
on studying the presence of these mutations that could be associated to the development of fibroids
in women of childbearing age attending CHRACERH in order to establish an association of these of
markers likely to contribute to fibroid growth.We conducted a case-control study, with the recruitment
of women aged 20 and above; 30 cases of USS diagnosed fibroma. In the control arm, we had 10
women with no fibroids. Prior to this, participants signed an informed consent and completed a
questionnaire. Thereafter, a physical examination was done and blood samples collected on 3MM
filter paper (dried blood spots-dbs) was taken to LAPHERB for genomic analyses. The Chelex 100
method for DNA extraction. The determination of the 754 C/G and 460 C/T polymorphisms of the FGF2
and VEGF genes by PCR-RFLP using the endonucleases Hhal and Bshl2361 respectively. This was
carried out during a period of two months. At the end of the study we obtained 95% genotype GG
(mutant) for the FGF2 754 gene with a preponderance of the G allele-97.5%. In the case of positive
fibroids we obtained 93% GG genotype with 7% CG in the control group. We obtained 100% TT
genotype (mutant) for the VEGF gene in both groups similar to studies done in Chinese women with T
allele predisposing women to fibroids and the C allele with less exposure to fibroids. With respect to
the association between fibroids and gene 754C/G mutation, we obtained an OR of 1.071 on a 95% Cl
of 0.974-1.179 with a p value of 0.402 which reflects no association between the mutation and
occurrence of fibroid. It should be noted this mutation has not been studied as a biomarker pre-
disposing women to fibroids but its gene FGF2 has been implicated in fibroid development. Given no
association was found between the mutations and onset of fibroids in this African population, a basis
is set for the investigation of other putative fibroid biomarkers.
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Integrating genetically derived ancestry estimates with DNA methylation (DNAm) in fetal tissues from
diverse populations may give clues about early developmental mechanisms and later life health
disparities. Here, we report a study that interrogated multi-omic data on placenta collected from
ethnically-diverse individuals aiming: 1) to identify ancestry-specific as well as shared DNAm
signatures of genetic ancestry composition; 2) to test whether these DNAm signatures of ancestry are
associated with fetal growth; and 3) to test for enrichment of ancestry-associated CpGs with mQTLs
implicated in adult diseases. Placental biopsies were collected during delivery from 312 self-identified
Black, White, Hispanic, and Asian women in the U.S. DNA and RNA isolated from placental samples
underwent genotyping on the lllumina 2.5M array, DNAm on lllumina 450k array, and RNAseq on
[llumina HiSeq2000. The percentages of African (AF), European (EU), Native American (NA) and East
Asian (EA) ancestries were estimated using ADMIXTURE. Covariate-adjusted linear regression models
tested associations between genetic ancestry percentage and DNAm. Analyses were performed for:
EU, AF, and NA ancestry percentages in Hispanics; and AF, EU, and EA ancestry percentages in
Blacks, Whites, and Asians, respectively. A total of 18 CpG sites were significantly (FDR P < 0.05)
differentially methylated with AF ancestry percentage in Blacks; 91 CpGs with EU ancestry percentage
in Whites, 68 CpGs with EA ancestry percentage in East Asians; and 234 CpGs, 12 CpGs, and 6 CpGs
with NA, EU, and AF ancestry percentage in Hispanics. Five CpGs (ERI1, GCC2, BMF, PGAM5, NARFL)
showed directionally consistent associations with both NA ancestry in Hispanics and EA ancestry in
East Asians. Among the top hits, 5 EU ancestry CpGs in Whites, 3 EA ancestry CpGs in Asians, and 8
NA ancestry CpGs in Hispanics were negatively correlated with the expressions of their respective
genes. An EU-ancestry CpG (SLC16A3) and an NA-ancestry CpG (/ER3) showed Bonferroni-corrected
significant association with higher birthweight. Several ancestry-associated CpGs were enriched with
mMQTL SNPs in blood across the life span, including more than 50 GWAS SNPs associated with 24 adult
traits. This novel study demonstrates that links between genetic ancestry and epigenetic marks in
diverse populations may underlie differences in early growth, the developmental origins of health and
disease, and health disparities.
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Increased utilization of exome sequencing (ES) in infants has led to earlier diagnoses of well-known
genetic conditions. Such diagnoses expand knowledge of early phenotypes and presentations which
may not fulfill clinical diagnostic criteria (CDC). We identified several such cases as part of UCSF’s
Program in Prenatal and Pediatric Genomic Sequencing (P3EGS) study.

Patient 1 is a 16mo female of European ancestry who was evaluated at 2mo for failure to thrive, mild
hyptonia, and multiple congenital anomalies including persistent left superior vena cava, hypoplastic
kidneys, ventricular septal defect, bilateral ear pits, congenital sacral dimple, tethered cord, and a
history of single umbilical artery. At 5mo she was also noted to have developmental delays (DD). ES
identified a de novo variant in KMT2D predicting p.Met999*fs.The patient did not meet CDC for Kabuki
syndrome, which emphasize facial features that are difficult to appreciate in infancy, and had not yet
been noted to have DD, which is also important for CDC, when first seen by genetics.

Patient 2 is a 11mo Latina female seen by genetics at 3mo during a hospitalization for respiratory
failure. She also had a history of hypotonia and dysphagia. At 8mo, ES revealed a de novo variant in
MECP2 predicting p.Arg168*. She did not meet CDC for Rett/Atypical Rett syndromes, as she was too
young to manifest regression or stereotypic hand movements. While respiratory problems have been
described in Rett syndrome, the severity and timing were atypical.

Patient 3 is a 15mo Latino male seen by genetics at 5mo due to cleft lip/palate and microcephaly. He
also had a history of DD, feeding difficulties, hearing loss, and a patent foramen ovale. The patient’s
physical exam was notable for plagiocephaly/brachycephaly, upslanting palpebral fissures, and
thickened eyebrows. His mother had history of cleft lip and an atrial septal defect. ES showed a
maternally inherited RAD21 variant predicting p.R478*. CDC for Cornelia de Lange rely heavily on
facial features—particularly synophrys—not present in our patient, and as such he did not meet
criteria.

ES is providing infants with diagnoses of classic genetic conditions for which infantile phenotypes may
not be well-described and the cardinal features emphasized in CDC may onset later. These cases
suggest diagnostic utility of ES for infants with suspected genetic conditions who may not meet CDC
and suggest CDC may need to be expanded to encompass infantile presentations.
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Background: Preterm birth (PTB) occurs in 11% of US births, causing significant morbidity and
mortality. A subset of PTB is complicated by infection and potential aberrations in the microbiome.
The Toll-like receptors (TLR) of the innate immune system are integral to pathogen recognition and
susceptibility to infection. We speculated that SNPs in fetal TLR genes may be associated with the
subset of PTB with underlying infection as an etiology. We have previously reported results for SNPs in
three TLRs (1, 2, and 4) in Wisconsin infants, with only TLR1 SNPs associated with PTB. TLR1 is in the
TLR6-TLR1-TLR10 gene cluster that functions in inflammation and infection. We tested SNPs in TLR6
and TLR10 and found that TLR6 SNP P249S also associates with PTB.

Objective: SNP associations with PTB have not been easily replicated in prior published works. Thus,
we sought to validate our results with additional SNPs at discrete positions in the TLR6 gene. We
hypothesized that TLR6 SNP intron rs1039559 would similarly mark an increased risk for PTB.
Design/Method: Residual newborn screening DNA was tested with IRB approval. 3000 samples were
used for TLR1 SNP (N248S) analysis, with 866, and 1926 samples adequate for subsequent TLR6
(P249S; rs5743810), and TLR6 (intron rs1039559) testing. SNP genotype was performed by TagMan
SNP Genotyping Assay (Lifetechnologies, CA). Ancestral background was by maternal declaration.
Results: The TLR6 SNP (P249S; rs5743810) minor allele T was associated with preterm gestational age
(GA) < 34 wks, Odds Ratio (OR) 1.41 (95% CI: 1.15-1.72, P<0.00087) and with GA < 37 wks, OR 1.30
(95% Cl: 1.02-1.67, P<0.032). However, in GA subset < 28 wks, the TLR6 SNP (P249S) minor allele T
findings were not consistent with those in the older GA < 37 wks and GA < 34 wks. The TLR6 SNP
(intron rs1039559) major allele A was associated with preterm GA < 28 wks, OR 1.21 (95% CI:
1.04-1.40, P<0.013) and with low birthweight (<1250g), OR 1.24 (95% Cl: 1.08-1.42, P<0.0025).
Conclusion: We propose that in addition to TLR1, TLR6 is another gene in the TLR6-TLR1-TLR10 gene
cluster that is associated with preterm birth. TLRI and TLR6 are part of a tightly linked cluster of TLR
genes that act as co-receptors with TLR2, a key step in the inflammation cascade. We speculate that
aberrant TLR1 and TLR6 may lead to PTB via an altered downstream pathway causing disturbed
commensal homeostasis leading to an altered microbiome and finally, to pathogen invasion.
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The author presents 3 cases of paternity search performed using Direct to Consumer Tests (DCT) from
the searcher 's point of view for one family, from the father's side in another family and from a
relative in the third.

The first case presents to the clinic with results of his abnormal spermogram from which he is
convinced that he may not be the father of his previous born son. He went on to present the DCT
result of his 2 further born children, his wife , his previous born son. The discussion was about the
understanding of these tests results, detailed presentation of the results data, the validity of
commercial genetic tests and the psychological reasons for these tests.

The second family presents with a man whose 2 cousins who had previously performed DCTs and
were later contacted by email about an unknown adopted individual claiming he had matched with
them as possible cousins using the DCT databank family search tool. The man at first had not
answered these emails from his cousins he thought were a joke until they called him informing him he
may have been the father of this unknown individual from temporal and geographical evidence. The
reaction, action and results of these will be presented in details.

The third case is a classic issue of an individual who posted his genome in the public space of 23 and
me and Ancestry DNA and was contacted by a distant adopted relative searching for his father.

These cases are iconic examples of what geneticists may expect to be confronted with as the use of
DCT are becoming commonplace and with their various impact on individuals and families.
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Background:

Increased nuchal translucency (NT) in the first trimester is highly associated with chromosomal
abnormalities. Karyotyping and chromosomal microarray (CMA) have been routinely performed for
these cases, but only yield a diagnosis rate less than 20%. Monogenic syndromes such as Noonan
syndrome are also related with increased NT but could not be detected by routine tests. Therefore, it
warrants an integrated platform for comprehensive investigation of point mutations, structural
variants (SVs) and copy number variants (CNVs). Whole genome sequencing (WGS) offers the
potential of a single test detecting nearly all genomic variations. Herein, we retrospectively recruited
an undiagnosed fetus with increased NT, and applied WGS for the investigation of its genetic etiology.
Methods:

The case was recruited from Prenatal Genetic Diagnosis Centre in the Chinese University of Hong
Kong. The fetus presented with increased NT (4.18 mm) at 13 gestation weeks and no other
abnormalities were detected prenatally. Both karyotyping and CMA were normal. Clinical follow-up
showed the fetus was live birth with multiple malformations (low set ears, increased nuchal fold, right
hand single transverse crease, bilateral clinodactyly) and mild hearing loss. DNA was extracted from
stored chorionic villi. WGS approach (30-fold) was performed for the fetus only to save the cost. Point
mutations, CNVs and SVs was analyzed by our in-house pipeline and interpretation was performed
according to the ACMG guidelines. Selected putative mutations were validated among the fetus and
parents.

Results:

No pathogenic CNVs and SVs were identified, but we detected a heterozygous frameshift mutation
(NM_0012561 82: c.2404dupC (p.L802fs)) of ANKRD11 gene, which could cause KBG syndrome
(OMIM: #148050). This mutation could result in a truncated protein and lead to nonsense mediated
decay. Subsequent parental validation suggested that it arouses de novo. Since the child presented
with clinical features associated with KBG syndrome, we classified this mutation as pathogenic. In
addition, we detected a secondary finding of G/B2 homozygous pathogenic mutation (NM_004004
€.G109A (p.V371)), which is consistent with hearing loss findings.

Conclusion:

Our study demonstrated that WGS was feasible to investigate the genetic etiology of prenatal cases,
and dual molecular diagnosis of KBG syndrome and GJB2-related hearing loss could be detected
among undiagnosed fetuses with increased nuchal translucency.
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Copy number variations in the two alleles of the a-globin genes HBA1 and HBA2 on chromosome
16p13.3 lead to varying degrees of severity of the a-thalassemia trait. The most common deletion
alleles of a-thalassemia are found in up to 80% of the individuals in some Middle Eastern, sub-
Saharan African and South East Asian populations. In the most severe form, called Hb Barts hydrops
fetalis syndrome, fetuses lacking all copies of the a-globin genes cause serious health complications
for women during pregnancy and are usually stillborn. While treatments for managing disease
symptoms in adults are available, high-throughput, reliable and cost-effective genetic carrier
detection is critical to alleviating the burden of the disease during pregnancy and childbirth.

Methods developed for quantifying the number of copies of HBA1 and HBAZ2 genes for the Applied
Biosystems™ CarrierScan™ Assay have identified 15 previously undetected a-thalassemia carriers in
research samples obtained from the Coriell Institute for Medical Research Cell Repository. Among 96
samples tested during product development, a loss of copy in the HBA2 gene was detected in 11
samples, and a gain in copy in 4 samples. Two additional samples, previously annotated as carriers,
were also detected. The copy number status of the samples was verified by multiplex ligation-
dependent probe amplification (MLPA) at Mayo Clinic and Gene by Gene. Additionally, the remaining
79 samples were confirmed as carrying 2 copies each of HBAI and HBA2 genes, indicating that the
algorithm performed with 100% analytical sensitivity and specificity in this verification study. Samples
analyzed by the Genomics Laboratory at Mayo Clinic identified an additional 27 a-thalassemia carriers
across 4 96- format CarrierScan plates; the results were confirmed with MLPA, showing 100%
concordance between the assays.

The CarrierScan assay is a microarray-based technology that detects sequence and structural variants
in approximately 600 genes. Deletions and duplications at the gene or exon level are identified by
calculating a copy-number score across selected copy-number-responsive probesets, including those
that target the a-globin gene loci. This provides important information that may assist in research
evaluating a-thalassemia copy number variations across populations.
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On average, women of reproductive age having timed intercourse are able to establish pregnancy
within 6 months, but ~15% take longer than a year or are unable to conceive. We conducted the first
genome-wide association study (GWAS) on female infertility in women of European ancestry who used
23andMe’s genetic services and consented to participate in research. Cases were women who
reported trying to conceive for =13 months in their first pregnancy attempt (n=9,822). Controls were
women with =1 biological child who reported conception in <6 months in their first pregnancy
attempt (n=26,947). We used LDHub to identify genetically correlated traits and MAGMA to perform a
gene-set analysis.

Two loci showed genome-wide association. The first locus includes CDC42 and WNT4 (rs61768001,
p=4.6x107"°, OR=1.16, 95% CI [1.11, 1.22]). CDC42 controls the activation of primordial follicles and
WNT4 is a regulator of endometrial decidualization. The second locus is ~25 kb upstream of FSHB
(rs11031006, p=3.6x107°, OR=1.14, 95% CI [1.09, 1.19]). FSHB encodes the B-subunit of follicle
stimulating hormone (FSH). The variants rs11031006 and rs10835638, both in the credible SNP set,
have been associated with nulliparity and lifetime parity. The variant rs10835638 is in the FSHB
promoter within an 11-bp binding site of the LHX3 transcription factor. The rs10835638-T allele has
been found to reduce the binding affinity of LHX3 and reduces FSHB transcription in gonadotrope
cells. Six additional loci showed suggestive association (p<1x10°): GLYRI, FAM168A, 2q14.3, HLA-A-
TRIM26, DUSP10-HHIPL2 and THADA-PLEKHHZ2. Two of these, GLYR1 and FAM168A, include genes that
interact with the FSH signaling pathway, which induces ovarian follicles maturation. GLYR1 mediates
the stress activation of MAPK14, which is involved in oocyte meiotic maturation. FAM168A activates
AKT1, which initiates oocyte growth.

The most genetically correlated traits with female infertility were number of live births (p=0.0002,
r,=-0.35+0.10) and lung forced vital capacity (p=0.0017, r,=-0.18+0.06). The most enriched gene-set
was NF-kB-driven pro-inflammatory genes that are negatively regulated by glucocorticoids
(p=3.4x107). Interestingly, our study implicates multiple pathways and processes known to be
important for reproduction in delayed time-to-first-conception and infertility. This subclinical insight
will be key to earlier detection, more efficient patient journeys, and novel therapeutics.
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Background/Aims

Vitamin D deficiency or insufficiency is common in pregnancy. However, it is unclear whether vitamin
D supplementation should be an integral part of routine antenatal care given the scarcity of evidence
from high-quality randomized controlled trials (RCTs). Mendelian randomization is a method that uses
genetic variants robustly associated with modifiable exposures to generate more reliable evidence
regarding which interventions should produce health benefits. We have used Mendelian
randomization to interrogate the effect of maternal vitamin D status during pregnancy on several
obstetric outcomes (i.e. miscarriage, stillbirth, need of labour induction, C-section, gestational
diabetes and birth weight).

Methods

We selected six independent genetic variants strongly associated with vitamin D status, proxied by
circulating 25-hydroxyvitamin D (25(OH)D), in the general population. These genetic variants were
tested for replication in an independent cohort of pregnant women (N = 4,819 from ALSPAC study).
Mendelian randomization analysis was conducted using inverse variance weighted method in up to
207,565 women from UK Biobank. Sensitivity analyses were performed to explore bias due to invalid
genetic variants. Results are expressed as odds ratio (OR) or mean difference in outcome per unit
increase in natural log 25(0OH)D.

Results

The associations of genetic variants with 25(0OH)D largely replicated in pregnant women. In the
Mendelian randomization analysis, there was no clear evidence that maternal 25(OH)D concentration
was related to the incidence of miscarriage (OR=1.03; 95%Cl: 0.88, 1.22; P=0.70), stillbirth
(OR=1.31; 95%ClI: 0.80, 2.13; P=0.28), need of induction (OR=0.93; 95%Cl: 0.44, 1.97; P=0.85), C-
section (OR=0.93; 95%Cl: 0.44, 1.97; P=0.85), gestational diabetes (OR=1.43; 95%Cl: 0.37, 5.53;
P=0.60), or birth weight (0.03 kg, 95%Cl: -0.01, 0.07, P=0.15). However, effect estimates were
imprecise for several outcomes.

Conclusion

Overall, there was no strong evidence that maternal 25(0OH)D status affects any of the assessed
obstetric outcomes in the target population. We have requested and will soon receive data from
several additional studies to increase power and to include a broader range of outcomes in our



analyses. Mendelian randomization can be a valuable tool to probe the putative effect of pregnancy
exposures on obstetric outcomes and to inform clinical practice and public health policies in the
absence of high-quality RCTs.
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The placenta is the master regulator of fetal growth and development. During implantation, the
trophectoderm invades the extracellular matrix (ECM) of the decidualized endometrium into the
uterine wall. The trophectoderm then differentiates and proliferates into a network of branching villi -
the functional units of the placenta that facilitate exchange of gases, nutrients and waste for the
growing embryo. Poor placental function is the most common cause of intrauterine growth restriction,
which is associated with perinatal morbidity, mortality and long-term health outcomes. MicroRNAs
(miRNA) are non-coding RNAs that regulate gene expression through targeted silencing of target
MRNAs, based on sequence complementarity. Placental miRNAs associate with fetal growth, and are
linked to the basic processes of trophoblast biology, but the pathways and molecular mechanisms by
which miRNAs regulate birth weight are not fully known. To assess the role of miRNAs in placental
function and fetal development, we have utilized small RNA sequencing to profile placental miRNAs
from two independent mother-infant cohorts: the New Hampshire Birth Cohort Study (n=317) and
Rhode Island Child Health Study (n=225). We modeled miRNA counts on infant birth weight percentile
in each cohort, while accounting for race, sex, parity and technical factors, using negative binomial
generalized linear models. We aggregated cohort-specific results via inverse variance weighted fixed-
effects meta-analysis. We identified 62 miRNAs that were differentially expressed (DEmiRs) with birth
weight percentile at false discovery rate (FDR)<0.05. Our DEmiRs were predicted to target 1130
MRNAs, among which, 90 were predicted mRNA targets of more than two DEmiRs. These 90 targets
are enriched for pathways involved in ECM organization, including collagen formation (FDR=4.4e-4)
and degradation (FDR=6.9e-6). Our findings support the idea that placental miRNAs control
trophoblast proliferation and differentiation, apoptosis, cellular metabolism, as well as vasculo- and
angio-genesis. Further, our results suggest that placental miRNAs are involved in the metabolism of
the ECM protein, collagen, which may influence the invasive behavior of trophoblasts during
implantation. In the largest RNA-Seq based, genome-wide miRNA profiling study conducted in human
placenta to date, we implicate potential molecular mechanisms underlying the role of miRNAs in
placental development, placental function and fetal growth.
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49, XXXXY is the rarest chromosomal variation, with 1:80,000-100,000 live male births. Case studies
indicate increased incidences of musculoskeletal abnormalities in these boys, including knee
subluxation, congenital talipes equinovarus, scoliosis, kyphosis, and genu valga. These issues,
combined with testosterone deficiency, may lead to decreased participation in physical activity and
additional complications to health and well being. The elucidation of the orthopedic profile of
49,XXXXY is necessary in order to provide health care providers with accurate information on which to
base the development of care and treatment plans.

This study collected data from an international cohort of more than 100 boys with 49,XXXXY over ten
years. The data was collected based on evaluations by a multidisciplinary team consisting of a
pediatric orthopedist and two physical therapists. The data was segregated into three categories:
under 5 years, 5-10 years, and over 10 years old. Participants with a copy number variant or
mosaicism were excluded.

Boys with 49, XXXXY presented with increased incidences of torticollis (29.2%), scoliosis (20.1%), leg
length discrepancy (35.9%), gait abnormalities (83.0%), genu valgum (39.1%), hamstring tightness

(41.2%), ligamentous laxity (67.4%), radioulnar synostosis (66.2%), clinodactyly (66.7%), abnormal

shoulder range of motion (36.8%), gunstock deformity (21.6%), foot pronation (42.4%) and eversion
(22.8%), pes planus (25.8%), tight heel cords (21.3%), and feet abnormalities (87.9%).

The incidences of these anomalies appeared to increase with age, specifically scoliosis, kyphosis,
number of hip surgeries, leg length discrepancy, gait abnormality, hamstring tightness, ligamentous
laxity, pes cavus, and club foot.

These results indicate the high rate of musculoskeletal anomalies in boys with 49,XXXXY, and the
increasing incidence of these abnormalities with age. Such findings may indicate that orthopedic
issues become more complicated with time, and these boys will benefit from early targeted treatment
on specific vulnerable areas. Given the rare incidence of this disorder, the investigation of associated
clinical symptoms is essential to determine and establish appropriate care and treatment. This
research further supports the necessity for the comprehensive treatment of boys with 49, XXXXY by a
multidisciplinary team of specialists, including, among others, a pediatric orthopedist, pediatric
physical therapist, and occupational therapist.
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Background: In multifetal pregnancies, cell-free DNA from a non-viable conception may lead to a
non-invasive prenatal test result that is discordant with the viable fetus. However, few studies have
examined changes in cell-free DNA over time in pregnancies with an aneuploid fetal demise.
Objectives: Using elective fetal reduction as a model for natural demise, we examine the results of
targeted cell-free DNA analysis at multiple points after reduction of an aneuploid twin.

Methods: Two twin pregnancies, each with one aneuploid fetus (one trisomy 21 and one monosomy
X), were included in the study. Maternal blood was collected at multiple time points prior to and
following reduction and studied using targeted cell-free DNA analysis. Proportion values were
calculated for chromosomes 21, X, and Y. The chromosome 21 and X aneuploidy values represent the
relative signal from the chromosome of interest compared to that expected in disomy. The
chromosome Y value represents the presence of Y signal. Fetal fraction was also determined for all
samples.

Results: In the first pregnancy with a male fetus with trisomy 21 and one female euploid fetus, the
aneuploidy values from chromosome 21 moved towards the expectation for euploidy over 13 weeks
following reduction. The chromosome Y value followed a similar pattern. In the second pregnancy with
a fetus with monosomy X, the aneuploidy value from chromosome X moved towards the expectation
for euploidy over the 8 weeks following reduction. However, the trends were not linear: both cases
showed a transient increase in the level of aneuploidy 3 to 8 weeks following reduction. Fetal fraction
also increased and then decreased again over several weeks. Notably, the aneuploidy values never
reached 0 (the euploid state) even months after the reduction.

Conclusions: These study results demonstrate the complexity of cell-free DNA analysis in multifetal
pregnancies with reduction. The unpredictable patterns for both aneuploidy and fetal fraction after
fetal reduction do not support cell-free DNA testing at any given interval following a fetal demise.
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Introduction: Prenatal assessment for fetal aneuploidy using cell-free DNA analysis (also called non-
invasive prenatal testing or NIPT) is clinically available throughout the world. The objective of this
study was to obtain a global perspective on approaches to clinical implementation by reviewing
practice guidelines and recommendations published by international and national professional
societies.

Methods: Position statements and practice recommendations were located by searching PubMed,
Embase, and examining public websites available in English. Key content and themes were captured
from each document.

Results: Twenty documents were identified from international as well as national societies from
Europe, the Americas, the Middle East, Asia and Pacific regions. Statements were from 28
organizations representing medical genetics (9), obstetrics (15), prenatal ultrasound (5) and
counseling (1), with some societies representing more than one area. The statements were consistent
in stating: NIPT is not diagnostic (20), NIPT is an accurate screening test (20), and patient pre and
post-test counseling, including test features and limitations, is recommended (19). Differences were
found in three areas: which patients should be offered NIPT, what fetal conditions should be on the
test panel, and what information should be on the test report. Fourteen of twenty documents focus on
NIPT for patients with an increased risk for fetal aneuploidy. Eight of the statements have been issued
or revised since 2017. Of 13 statements that addressed expanded panels, 9 societies expressly say
that cell-free DNA screening should not be used for copy-number variants or whole genome analysis.
Test report recommendations were found in 4 of 20 professional statements.

Conclusions: Professional societies involved in prenatal care have different recommendations
regarding the incorporation of NIPT into clinical practice. Although societies agree that NIPT has high
accuracy for prenatal risk assessment of common aneuploidies, confirmation of ‘high-risk’ results with
diagnostic testing is critical and patient counseling is important, differences exist around which
patients should be offered NIPT, what fetal conditions beyond common aneuploidies should be added
to the testing panel and what information should be included on the test report. Less than half of the
statements have been issued or revised since 2017.
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Background

Noninvasive prenatal testing (NIPT) has greatly advanced prenatal screening for aneuploidies since its
implementation for clinical use. Genome-wide NIPT allows for screening of rare aneuploidies and copy
number variants (CNVs), but the clinical performance of such expansion remains unknown and
invasive diagnostic testing is warranted for confirmation of the positive results. Chromosomal
microarray analysis (CMA) shows superiority over conventional karyotyping in detecting a wide
spectrum of chromosome abnormalities including pathogenic CNVs through the genome. In this study,
we aimed to evaluate the clinical performance of genome-wide NIPT in detecting chromosomal
abnormalities in high risk pregnancies by comparison with CMA, so that we can provide valuable
information for genetic counselling and clinical management of high risk pregnancies.

Methods

Pregnant women with high risk for chromosome abnormalities were retrospectively enrolled from four
prenatal diagnosis centers between 2015 and 2018. Pregnancies with both NIPT and CMA performed
during pregnancies were included for further analysis. The results were categorized into common
trisomies, sex chromosome abnormalities, rare aneuploidies and CNVs. Positive predictive value (PPV)
and false positive rate (FPR) were calculated, and the discordant results between NIPT and CMA were
also analyzed.

Results

A cohort of 675 singleton pregnancies were included in this study. Of these, the majority (74.7%,
504/675) were referred by advanced maternal age. Overall, 77.8% (525/675) of the cases were
reported to be positive by NIPT. A positive CMA result was detected in 278 of 675 (41.2%) cases.
Among NIPT positive cases 43.0% (226/526) were confirmed to be true positives. PPV estimates for
rare aneuploidies and CNVs of NIPT were 17.5% and 33.9%, respectively. Importantly, 62 (of 675,
9.2%) additional chromosomal aberrations were detected by CMA but not reported by NIPT, including
45 CNVs smaller than 5Mb, 12 CNVs larger than 5Mb, and other 5 whole chromosomal abnormalities
(Trisomy 18, 47,XXY, mosaic Monosomy 9 and 22, triploidy, uniparental disomy 4).

Conclusion

NIPT shows high false positive rates for the detection of rare aneuploidies and CNVs in high risk
pregnancies, which will increase potentially unnecessary invasive confirmatory testing and maternal
anxiety. CMA is able to provide comprehensive genetic information and should be offered for high risk
pregnancies undergoing invasive diagnostic procedures.
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Cystic Fibrosis is one of the most common indications reported for Preimplantation Genetic Testing
(PGT) for monogenic disorders (PGT-M) (ESHRE PGD data collection). The ability to target the Cystic
Fibrosis Transmembrane Conductance Regulator (CFTR) gene with PCR primers during whole genome
amplification (WGA), achieving concurrent PGT-M and PGT for aneuploidy (PGT-A) in a single PCR
reaction represents a unique approach to maximise the screening opportunity for a single embryo
biopsy.

The aim of this study was to demonstrate a novel protocol for concurrent PGT-A and PGT-M in a single
PCR, using a CFTR-specific primer panel in combination with WGA, and analysed by Next Generation
Sequencing (NGS).

Five-cell samples sorted from a 48,XXY,+21 cell line (Coriell Institute) were subjected to WGA using
the DOPlify® TSE (Target Sequence Enrichment) protocol (PerkinElmer) with the inclusion of either
NEXTFLEX® Cystic Fibrosis Amplicon Panel kit primer mix 1 or 2 (PerkinElmer). Further enrichment of
the 31 CFTR target regions was achieved following reamplification of the enriched WGA using CFTR-
specific PCR with the inclusion of gDNA (control). The CFTR amplicons generated were subsequently
pooled with the original TSE WGA to allow single sample indexing (PG-Seq™ kit, PerkinElmer) and
MiSeq® instrument (lllumina®) sequencing.

Whole chromosome aneuploidy concordant with the expected sample karyotype was achieved and
68% (23/31) of CFTR target regions were represented for 5-cell samples, with read depths of up to
200x. Of the 8 most common CFTR mutations, accounting for 75% of all mutations (CF Genetic
Analysis Consortium, 1994), all were amplified from gDNA and 4/8 from 5-cell samples. An additional
13 Single Nucleotide Polymorphisms (SNPs) were identified that could potentially be used for linkage
analysis.

The DOPIify® WGA kit provides a flexible technology to amplify and sequence whole genomes and
relevant sequences in parallel using PerkinElmer’s TSE protocol, offering a streamlined solution for
combined PGT-M and PGT-A. The system accommodates the addition of multiple primer sets targeting
specific sequences, allowing numerous sites to be analysed at once. Further optimisation of primer
concentration and pooling will achieve improved coverage for all target regions. The workflow also
provides an opportunity to generate PGT results using a variety of different NGS indexing and or NGS
platform approaches.

For research use only. Not for use in diagnostic procedures.
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Objective : To confirm the reliability of NIPT and to discuss about the discordant cases.

Methods : This test results in large single center from 1, 2015 to 12, 2018 were analyzed. The
patients who referred from other hospital due to abnormal NIPT result were included. Karyotyping was
done by CVS and amniocentesis. Microdeletion test was added in case of showing abnormal
sonographic soft marker.

Results : Total 1607 single pregnancy cases who performed NIPT were enrolled. Among the 1562
cases(97.2%) reported as low risk, 1 case revealed as false negative which showed z-score 2.49 on
chromosome 18 and finally diagnoses as true trisomy 18. Forty-two cases(2.6%) reported as high risk;
Trisomy 21(n=22), trisomy 18(n=2), trisomy 13(n=1), monosomy X(n=4), sex chromosome anomaly
including XXX, XXY(n=7), triploidy(n=1) and 22q11.2 deletion(n=1). In massive parallel sequencing
method, other uncommon trisomy such as trisomy 7(n=1) ,14(n=1) and 15(n=2) was incidentally
detected. Thirty-four cytogenetic confirmation tests were done in NIPT high risk group. Among the 17
karyotype tests in NIPT trisomy 21 group, all 17 cases revealed as trisomy 21(100%). One karyotype
test in NIPT trisomy 18 group showed trisomy 18(100%). In NIPT monosomy X group, 3 cases showed
discordancy resulting as normal karyotype and 1 case was mos45,X[14]/46,X,i(X)(q10)[6] which
regarded as monosomy X(25%). The 22q11.2 deletion case had no sonographic cardiac anomaly and
confirmed as false positive. Three 47,XXX and 3 46,XY were diagnosed in sex chromosome high risk
group(50%). The NIPT result of triploidy was due to effect of vanished fetus in DCDA twin pregnancy.
Both trisomy 15 NIPT cases showed discordancy but interestingly one of the cases was finally
diagnoses as maternal uniparental disomy 15 which implies the further diverse way of interpretation
in case of uncommon trisomy in NIPT. There were 3 uninformative results(0.2%); 1 case due to low
fetal fraction, 1 case due to repeated CNVs on X chromosome which finally diagnosed as exon 1-29
duplication of dystrophin gene on Xq21.2 and 1lcase with unknown cause.

Conclusion : In the present study, clinical review and validation of both discordant and general cases
are introduced based on single institution’s results. As the use of NIPT as a prier screening test
increases, the systematic discussion of discordant cases should be conducted between the
laboratories.
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Background: Chromosomal microarray analysis (CMA) is widely utilized for the detection of
pathogenic copy number variants (pCNVs) in prenatal diagnosis. Implementation and widespread use
have expanded our understanding, curation and delineation of CNVs and the related genomic
disorders. On the other hand, noninvasive prenatal testing (NIPT) is well established for the screening
of common aneuploidies. More recently, efforts have been made to expand the scope of NIPT for the
detection of fetal microdeletion syndromes. Expanding NIPT for microdeletions and microduplications
is controversial as there are no consensual recommendations by professional societies. The spectrum
and features of pCNVs including the size, genomic distribution and mode of inheritance are important
considerations before genome-wide NIPT is implemented into clinical practice.

Methods: We retrospectively analyzed the pCNVs (<10Mb) in 1,510 pregnancies with standard
indications for prenatal diagnosis from Jan 2012 to Dec 2017 at our prenatal genetic diagnosis
laboratory. We have combined pCNV data from 14 published studies including of 22,355 fetuses
undergoing CMA testing. Summarizing this data, we describe the spectrum and features of pCNVs
including the prevalence, size, and mode of inheritance.

Results: Overall, 375/23,865 (1.6%) fetuses carried pCNVs (<10Mb), and 44 (11.7%) fetuses involved
2 or more pCNVs. A total of 428 pCNVs were detected in these fetuses, of which 280 are deletions and
148 are duplications. 360 (84.1%) were less than 5Mb in size and 68 (15.9%) were between 5-10Mb.
The incidence of carrying a pathogenic copy number variant in the high-risk group (abnormal
ultrasound finding, high risk down’s screening, family history, NIPT positive) is 1 in 36, and the low-
risk group (advanced maternal age =35, maternal anxiety, others) is 1 in 125. Parental inheritance
study results were available for 311 pCNVs, 204 (65.6%) occurred de novo, 71 (22.8%) were
maternally inherited and 36 (11.6%) were paternally inherited.

Conclusion: Collectively, pCNVs are common in all pregnancies. High-risk pregnancies should be
offered invasive testing with CMA for a comprehensive investigation. Detection limits on size, genomic
distribution, mode of inheritance should be carefully considered before implementing copy number
variant screening in genome-wide NIPT.
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Background Classification of prenatally detected sequence variants plays a critical role in pregnancy
management. Limited fetal phenotypic data and maternal admixture complicate NIPS analysis. To
share experience and help improve data analysis in NIPS, genetic variants detected from a NIPS for
single or multiple dominant monogenic disorders were retrospectively assessed for the performance
of ACMG guidelines in this test. Methods A total of 73 variants with potential pathogenicity in 19
dominant monogenic disease-causing genes (BRAF, CBL, CDKL5, CHD7, COL1A1/2, FGFR2/3, JAG1,
KRAS, MAP2K2, MECP2, NIPBL, PTPN11, RAF1, RIT1, SOS1, TSC1/2) were evaluated and classified by
following ACMG guidelines. The strength of certain criteria was assessed and tuned for more accurate
as well as efficient data interpretation. Results By following the ACMG guidelines, 52 variants were
classified as pathogenic (P), 9 were classified as likely pathogenic (LP), and 12 were variants of
uncertain significance (VUS). With certain criteria (e.g. number of patients reported in literature,
applicable fetal/familial phenotypic evidence, etc.) tuned, however, 8 likely pathogenic variants could
be upgraded to pathogenic, which included four that had multiple patient reports and were well-
recognized as disease-causing variants. Reasonable specificity of ultrasound indications was required
to fully appreciate de novo variants’ pathogenicity. With 64.4% (n=47/73) of variants in this NIPS
were de novo, the specificity of fetal ultrasound information impacted significantly on the accuracy of
NIPS variants’ classification. The importance of the phenotypic information was also reflected by the
12 VUSs that either due to early gestational ages (14.1+3.9 weeks) that precluded sonographic
findings or maternal mosaicism compounded with the lack of clinical and/or scientific evidences, or
evidences which were not concordant with the disease caused by the gene bearing the variant under
assessment. Conclusion ACMG guidelines are helpful in the NIPS variant classification; however,
given the nature of this test and the targeted genes, certain criteria need fine-tuning. Reasonably
specific fetal ultrasound information at appropriate gestational ages, and the family medical histories
significantly impact classification accuracy.
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During the last decade, Chromosomal microarray analysis (CMA) was recommended by a few
communities in different countries as a first-tier technique for genetic follow up of fetal structural
anomalies identi?ed by ultrasonography. With the accumulation of cases and experiences, it's the
time to take a second look on the application and consider if we are abusing this technique. In this
retrospective study, we present a comprehensive overview of 2363 singleton prenatal cases out of
4266 cases which were referred for CMA during 2014 to 2018.

The overall pathogenetic findings account for 10.41% (246/2363) of the cases, among which 49.6%
(122/246) could be detected by karyotyping analysis. In those chromosomal normal cases, CMA made
a further 5.53% yield. These data a perfectly in accordance with previous perspective researches.
Multiple abnormalities (37%), pleural effusion (25%), cystic hygroma (23.5%) and gastral intestinal
abnormalities (19.35%) were most associated with genetic abnormalities. For submicroscopic
anomalies, multiple abnormalities (15.1%), pleural effusion (14.3%), gastral intestinal abnormalities
(10.7%) and urinary system abnormalities (9.1%) were most relevant indications. The most striking
finding is that 41.67% (6/13) cases of echogenic kidney(s) with or without size change were associate
pathogenic copy number changes (CNV). Another interesting finding is the high detection rate
(50.8%) of variance of uncertain significance in fetus with growth retardation and other minor
ultrasound findings. On the other hand, if there’s no clinical indication for prenatal diagnosis, little
benefit would be obtained from CMA, with only 1 pathogenic CNV in 110 cases.
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Disorders of sex development (DSD) represent a heterogeneous group of congenital genital
anomalies. We report a family presenting DSD in three generations. The three probands were first
cousins (P1, male, XY, 13 yrs; P2, male, XY, 18 yrs) diagnosed with cryptorchidism, severe penoscrotal
hypospadias, small testicles, azoospermia; and their joint first cousin once removed (P3, male, XY, 30
yrs) with cryptorchidism and cryptozoospermia. Familial anamnesis also included other reproductive
disorders, such as cases with ambiguous sex, prostate cancer, stillbirth, induced termination of mid-
pregnancy and diagnosed premature placental ageing. Whole-exome sequencing (WES) of eight
family members detected a splicing variant in NR5A1 gene (c.G991-1C; p.Val331llefs) as the most
likely cause of DSD in P1 and P2. The variant is not reported in human genome databases, but was
shown in a Belgian patient with cryptorchidism (Robevska et al 2018, Hum Mutat). As several family
members were asymptomatic carriers, the estimated penetrance rate was < 50%. In depth WES data
analysis of P1-P2 and their parents uncovered oligogenic contribution as a potential modulator of the
penetrance of the NR5A1 variant. Both, P1 and P2 had inherited rare variants in genes implicated in
combined pituitary hormone deficiency (CPHD) - OTX2 p.Pro134Arg (P2), PROP1 p.Leul02Cysfs and
GLI2 p.Arg131His (P1) from the other parent. Hormonal profiling supported the blended phenotype of
DSD and CPHD in this family. P3 carried neither the NR5A1 splicing variant nor any of the CPHD
variants. The highest prioritized candidate variant responsible for his condition was p.Glu60Ter in the
DMRT2 gene located in the genomic region linked to gonadal dysgenesis. Due to complex family
history, WES data were also screened for secondary findings. P2, P3 and other family members were
detected as the carriers of the p.lle157Thr variant of CHEK2, implicated in familial prostate cancer.
The grandfather of P1-P2 and father of P3, who had been diagnosed with prostate cancer, were
identified as the obligate carriers of the CHEK2 variant. Our study demonstrates heterogeneity and
oligogenic contribution to the penetrance of DSD mutations and the value of in-depth WES analysis in
the pedigree to uncover the genetics of multiple segregating clinical conditions. Detailed profiling of
pathogenic variants facilitates high quality counselling of index patients and their family members.
Grant: Estonian Research Council IUT34-12.
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Introduction: Miscarriage is a common complex trait that affects 10-25% of all clinically confirmed
pregnancies. Miscarriage is associated with excessive bleeding, infection, depression, infertility and
an increased lifetime risk of cardiovascular disease. A variety of predisposing factors have been
associated with increased miscarriage risk, and it has a genetic component that thus far has remained
poorly characterized. Our aim was to discover and map the maternal genetic susceptibility and
underlying biology of sporadic and recurrent miscarriage.

Materials and methods: We performed a genome wide association study including up to 69,054
sporadic miscarriage cases from seven different ancestries, 750 recurrent miscarriage cases of
European ancestry, and up to 359,469 female controls. We investigated the genetic architecture of
miscarriage with biobank-scale Mendelian randomization, heritability, genetic correlation and
functional annotation analyses.

Results: We identified one and four loci significantly (p<5 x 10°®) associated with sporadic and
recurrent miscarriage, respectively. Following functional annotation linked these associations with
genes related to gonadotropin regulation, placental biology and progesterone production. We found a
heritability of 29% (95%Cl 20%-38%) for miscarriage. Consistent with observational associations, we
found significant genetic correlations between sporadic miscarriage and number of children (p=7.2 x
107).

Conclusions: Our results confirm miscarriage as a complex partly heritable phenotype and implicate
novel biology through regulation of genes involved in gonadotropin regulation, placental biology and
progesterone production.



n= A+

PgmNr 601: Maternal blood mRNA profiles associated with
spontaneous preterm birth in maternity log study.
Authors:

D. Ochi *; T. Yamauchi *; Y. Tsunemoto *; S. Kumatani *; R. Yamashita *; O. Tanabe *; S. Hiyama *; M.
Nagasaki % J. Sugawara >°; Maternity Log Study Group

IView Session| |Add to Schedule|

Affiliations:

1) NTT DOCOMO, INC., Yokosuka, Kanagawa, Japan; 2) National Cancer Center, Kashiwa, Chiba, Japan;
3) Radiation Effects Research Foundation, Hiroshima, Japan; 4) Center for Genomic Medicine,
Graduate School of Medicine, Kyoto University, Kyoto, Japan; 5) Tohoku Medical Megabank
Organization, Tohoku University, Sendai, Miyagi, Japan; 6) Gynecology and Obstetrics, Tohoku
University Graduate school of Medicine, Sendai, Miyagi, Japan

Objective: Despite the seriousness of pregnancy complications including preterm birth (PTB), their
mechanisms of pathogenesis or progression have not been well elucidated. Pregnancy complications
are multifactorial diseases caused by complex interactions of genetic and environmental factors.
Messenger RNAs (mRNAs) in maternal blood can be affected by both factors. Several studies
investigated maternal whole-blood gene expression profiles associated with spontaneous PTB (SPTB),
i.e. non-induced delivery before 37 gestational weeks. However, these studies used microarray to
analyze mRNA expression, and significance of their results were not clear. In this study, we used RNA-
seq to investigate blood mRNA profiles associated with SPTB.

Methods: We used maternal peripheral blood samples collected in the Maternity Log Study, which is
a prospective cohort study of pregnant Japanese women. In this study, pregnant women were
recruited in the first or second trimester of pregnancy at Tohoku University Hospital. These samples
were collected at the first term (between 12 and 23 gestational weeks) and the second term (between
24 and 34 gestational weeks) from 301 women using PAXgene Blood RNA Kit, and subjected to RNA-
seq using the HiSeq sequencer. Multivariate logistic regression model was used to evaluate
association between mRNA expression and SPTB.

Results: After correcting multiple testing by FDR, we identified over 900 genes which showed
significantly different expression levels between the SPTB group (N=14) and the healthy control group
(N=182) at both first and second terms. Especially, the expression of a gene associated with maternal
placenta development was significantly higher in the SPTB group than in the control group.
Discussions: We identified maternal blood mRNA profiles associated with SPTB, indicating possible
biomarkers for SPTB detectable in the early phase of pregnancy. Further research may lead to
elucidation of molecular mechanisms and development of prevention measures for SPTB.
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Background: In the United States, potassium chloride (KCI), digoxin and other agents are commonly
used to arrest fetal circulation prior to pregnancy termination during the second trimester, largely for
medico-legal and social reasons. The effects of induced demise prior to pregnancy termination on
fetal tissue quality for subsequent diagnostic and research applications have not been characterized
in detail. This is a critical knowledge gap, since high-quality fetal tissue is required for the accurate
clinical diagnosis of fetal anomalies, and for biomedical research purposes.

Objective: To determine the effects of delayed evacuation after pregnancy termination on tissue
quality for clinical and research purposes

Study Design: To compare tissue quality from second trimester fetuses terminated with and without
injection of digoxin or KCI, 19-25 hours before dilation and evacuation (D&E), we obtained fetal tissue
from terminations with and without prior injection of digoxin or KCI. We assessed: 1) cellular
morphology by hematoxylin and eosin staining, 2) cell proliferation by Ki67 staining, 3) apoptosis by
the TUNEL cell death assay, 4) tissue viability by cell culture, and 5) nucleic acid quality by integrity
scores and the polymerase chain reaction (PCR).

Results: Tissues from fetuses after delayed evacuation demonstrated: 1) greater cellular morphology
disruption, 2) decreased proliferation, 3) greater apoptosis, 4) diminished cell culture viability, 5)
lower RNA quality; however, all samples yielded DNA of adequate quality for PCR.

Conclusion: Delayed evacuation for >18 hours is associated with fetal tissue quality unsuitable for
most clinical and research applications except DNA diagnostics. Limiting the interval between arrest
of fetal circulation and D&E could improve the quality of fetal tissue for clinical and research
purposes.
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Introduction: Throughout pregnancy the maternal body facilitates conditions allowing development
and growth of the fetus. The maternal bloodstream plays an essential role not only in accommodating
the increased metabolic demands and requirements for nutrients, but also in hormonal signaling and
in a complex regulation of immunity. We studied the associated mechanisms in maternal blood
through a detailed characterization of the transitions in the transcriptome across pregnancy.

Methods: We enrolled 31 pregnant women (at gestational age 4 - 25 weeks) and sampled peripheral
blood on a weekly basis through pregnancy and once postpartum. We sequenced ribosome depleted
total RNA in 531 discovery samples from 21 pregnant women and 271 replication samples from 10
pregnant women. The samples were sequenced at an average of 25 million reads per sample and in
total the mapping (STAR v2.5.3a to GRCh38/GENCODEV28) yielded >13 billion uniquely mapped
reads. This extremely dense sampling allowed analysis of changes in genetic expression at an
unprecedented fine scale, carried out using a longitudinal mixed effects model.

Results: In a strict discovery/validation design, we identified 704 transcripts with robust pregnancy-
specific expression patterns. We used expression correlation analysis to cluster these pregnancy-
specific patterns in modules. These showed significant enrichment for multiple biological pathways,
including Defense response to virus, T-cell activation, Defense response to bacterium/fungus,
Hemoglobin metabolism, and Mast cell activation. Deconvolution into cell-types revealed consistent
changes in cell populations, with 11 of 19 quantified cell-types showing robust alterations through
pregnancy, including a steady increase in the fraction of hematopoietic progenitor cells up to week
35. Although these patterns demonstrate an altered regulation of the immune system during
pregnancy, changes in the viral load through pregnancy were not detectable among RNA reads
mapped to virus genomes for these 31 women.

Conclusion: We provide a comprehensive characterization of the changes in transcription and cell-
type composition in maternal blood through pregnancy, which highlights its systemic role in healthy
gestation. These data will be useful as a reference for future studies of transcription dynamics and
changes in cell populations in pregnancies complicated by, e.g., preeclampsia, preterm delivery or
gestational diabetes.
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The American College of Obstetrics and Gynecology (ACOG Committee Opinion 691) recommends
discussing carrier screening options, including expanded carrier screening options (ECS) with all
women who are pregnant or are considering pregnancy. With regards to repeat screening, the opinion
states “the decision to rescreen a patient with previous carrier screening should be undertaken only
with the guidance of a genetics professional who can best assess the incremental benefit of repeat
testing for additional mutations.”

Sema4 began offering its comprehensive expanded carrier screening panel in 2015. The original
panel screened for 281 genetic conditions (260 autosomal recessive disorders and 21 X-linked). In
2018, a newer version was launched that included multiple enhancements: the addition of 21-
hydroxylase related congenital adrenal hyperplasia (CYP21A2), full gene sequencing for HBAI1 and
HBA2, full gene sequencing for GBA (genotyping was performed previously) and the addition of copy
number variant (CNV) detection via a bioinformatics algorithm of the NGS data. For patients with a
history of testing on the previous platform, the option of an “upgrade”, which included repeat analysis
of the NGS data (which was rerun both for the purposes of CNV detection and variant reclassification),
as well as the other previously described enhancements, was offered.

Since June 2018, our lab has completed 847 upgrades for patients previously tested on the 281
platform. Of those, there were 143 new variants reported due to a new feature of the test (133
CYP21A2 and 9 large deletions or duplications of other genes). Another 48 new variants were reported
due to classification changes and 7 variants were removed due to downgrading.

From our current data, new information regarding carrier status was reported in 22% of individuals
pursuing the upgrade, 6% being solely due to variant reclassification. Importantly, utilizing ancillary
assays and technology to increase detection rates, 17 new carrier couples were identified. Post test
telegenetic counseling is offered for positive ECS results through our laboratory, and as such, we
include a discussion on how evolving genetic knowledge and testing impact family planning and pre
and postnatal care as well as disease and carrier-state identity.
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Noninvasive prenatal genetic testing (NIPT) describes the detection of fetal chromosomal aneuploidies
using cell-free fetal DNA found in the blood of a pregnant woman. The fetal fraction of the total
maternal cell-free DNA (cfDNA) varies among pregnant women but ranges from 0.5% to 19%. In 2007
a group first showed the general feasibility of using digital PCR (dPCR) for NIPT, but their assay
required an unreasonably high 25% fetal fraction in the cfDNA tested. Improvements in modern dPCR
make it the new ideal technology for NIPT. To address the needs of using dPCR as a routine tool for
NIPT, a novel dPCR platform was developed. The dPCR platform consists of a cost-effective, micro-
molded plastic consumable and a fully-integrated instrument that combines consumable sample
loading, thermal cycling and 5-color fluorescence detection. The consumable partitions a 10 microliter
sample into 20,000 micromolded wells without requiring valves, films or any moving parts. The
instrument is 100% dry, contamination-free and requires no routine maintenance. The platform
achieves sample-to-answer in less than 90 minutes using a simple, gPCR-equivalent workflow. Of the
10 microliters loaded into each well on the consumable, over 95% of the sample is analyzed. Here we
show the dPCR platform’s ability to accurately conduct NIPT fetal genotyping of trisomies 13 (Patau
syndrome), 18 (Edwards syndrome) and 21 (Down syndrome). A commercially available assay was
used that exploits primers and probes against conserved regions of the chromosomes of interest (13,
18 and 21). In a non-trisomy DNA sample, the ratio of any of these 3 chromosome markers against
the other should be 1:1. If cfDNA from both the mother and fetus are non-trisomy, all possible copy
number ratios will be 1:1. If any of these ratios are elevated significantly above 1, this signals that the
fetal DNA may have a trisomy and the patient would be advised to undergo more rigorous testing.
This assay was run on the novel dPCR platform for 8 previously characterized maternal cfDNA
samples that had a range of fetal fractions. The dPCR platform was able to accurately determine the
fetal trisomy genotype in all cases. The platform presented here offers gPCR equivalent workflow,
affordability and 90 minute time-to-answer while maintaining high precision and unbiased, absolute
chromosome tag quantification for precision NIPT.
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As the use of non-invasive prenatal screening (NIPS) has become widespread, multiple studies have
substantiated its superior performance in relation to traditional screening approaches, including
demonstrating its significant predictive value. However, studies estimating the false positive (FP) and
false negative (FN) rates and predicting pregnancy outcomes based on confirmatory results from
prenatal diagnostic testing (PDT) have been limited.

Method: We examined 1766 consecutive singleton pregnancies referred to our laboratory with
documented NIPS results, including 73 cases with one or more NIPS failures or inconclusive NIPS
results. Karyotype and/or microarray analyses were performed on amniotic fluid and/or chorionic villi
samples.

Results: Among cases for which both NIPS and PDT results were available (1693), the overall
concordance between those results was 81% (1374/1693). Specifically, of the 894 cases reported as
abnormal by NIPS, 63% (559/894) had concordant PDT results, representing true positives (TP). An
additional 4% of these cases (33/894) showed partial concordance. The discordance rate for this
subgroup of cases was therefore 33% (299/894) (FP). Conversely, NIPS was reported normal in 47% of
cases (799/1693) and follow-up PDT demonstrated 98% (779/799) concordance, representing true
negative (TN) results, while 2% of cases (15/799) with normal NIPS results yielded abnormal PDT
results (FN). An additional 5 cases with normal NIPS results showed a sex chromosome discrepancy.

Considering specific abnormalities, the NIPS FP rate was highest for triploidy (78%; 25/32), followed
by other autosomal aneuploidies (71%; 27/38), monosomy X (70%; 65/93), trisomy 13 (56%; 48/86),
segmental deletions and duplications (55%; 36/66), trisomy 18 (26%; 40/151), other sex chromosome
abnormalities (17%; 9/53), and trisomy 21 (13%; 49/375). The NIPS TP rate was highest for trisomy 21
(87%) and lowest for triploidy (22%). These TP rates include cases with additional findings identified
by PDT and cases with partial concordance (PC); PC rates ranged from 0%-11%.

Conclusion: Our data demonstrating low false negative rates supports professional society
recommendations for the use of NIPS as the primary screening test for detecting fetal aneuploidies.
However, the considerably high false positive rates for abnormal NIPS results, other than for trisomy
21, strongly support the use of follow-up prenatal diagnostic testing, irrespective of risk estimated
solely from NIPS.



n= A+

PgmNr 607: Evaluation of non-linear comorbidity structure
and genetic risk for classification of preterm birth from
electronic health records.

Authors:
A. Abraham; C. Bejan; D.R. Velez-Edwards; ). Capra

[View Session| |Add to Schedule]

Affiliation: Vanderbilt University, Nashville, Tennessee.

Background: Preterm birth (PTB) is the leading cause of infant mortality worldwide and increase risk
for immediate and long-term morbidities. Although there is a substantial heritable component to PTB,
its genetic etiology remains poorly understood. Many different factors influence PTB risk. The
relationships between these comorbidities, their genetic drivers, and their effects on PTB outcome
remain largely unknown. Electronic health records (EHR) are a rich resource to characterize this
phenotypic complexity. We hypothesize that accounting for the phenotypic complexity will reveal
clinically relevant sub-phenotypes and yield insights into the genetic architecture of PTB.

Methods: In our delivery cohort, we define preterm from non-preterm deliveries using billing codes
and estimated gestational age. First, we test ICD9 codes for association with PTB to characterize the
clinical phenome. We then explored how well billing codes (other than those related to delivery
status), demographic, and clinical features could classify deliveries as preterm or non-preterm using
boosted decision trees. To evaluate the classification performance of genetic risk and detect any
interaction benefits, we compared models with and without PTB genetic risk scores (GRS).
Performance was evaluated using ROC/PR curves and top features were extracted by mean absolute
SHAP value. We then used unsupervised clustering on the feature importance values to discover sub-
phenotypes of deliveries and quantity their risk for PTB.

Results & Conclusions: Within our delivery cohort (n=11,270 PTB; 41,793 non-PTB), 298 codes
were enriched for PTB and identified known reproductive and systemic comorbidities. Decision trees
accurately identified PTB using billing codes (AUC=0.92) and the addition of GRS did not improve
performance. To evaluate the potential for predicting PTB, we trained decision tress on features
available 90 days before delivery. This algorithm accurately predicted PTB (AUC=0.82). Clustering on
feature importance values yielded 12 sub-phenotypes, three of which had significantly increased risk
for PTB, with distinct enrichment of comorbidities (diabetes + psychiatric traits vs. hypertensive +
PTSD vs. thyroid + infectious agents). These sub-phenotypes provide interpretability and reveals non-
linear combinations of comorbidities influencing risk for PTB.
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Purpose

Genomic sequencing results can generate findings with variable actionability, and individuals who
dislike uncertainty may be less enthusiastic about learning this information. We sought to understand
the association between parents’ tolerance of uncertainty and their emotional responses and
satisfaction to receiving genomic information about their newborns.

Methods

The BabySeq Project was a randomized clinical trial of newborn genomic sequencing (nGS) in sick and
well babies. At baseline, parents completed the 12-item Intolerance to Uncertainty Scale (IUS). At
three months after results disclosure sessions, parents completed the 10-item Patient Health
Questionnaire (PHQ) and the 7-item General Anxiety Disorder scale (GAD), scales that assessed
symptoms of depression and anxiety, respectively. At 3 months post-disclosure, parents also
completed a 9-item scale assessing satisfaction with disclosed results.

Results

337 parents completed the 3-month follow-up survey. In regression analyses that controlled for
baseline scores and cohort (sick or well newborns), a one-point increase in IUS scores was associated
with a 0.4 point increase in PHQ scores and a 0.3 point increase in GAD scores (both p<0.001). No
interactions were observed between IUS scores and randomization status on either outcome (all
p>0.10). No association was observed between IUS scores and satisfaction with results among
fathers. However, among mothers, a one-point increase in IUS scores was associated with a 0.3 point
decrease in satisfaction scores if newborns did not receive sequencing (p=0.015 for interaction
between IUS and randomization status), but was unassociated with satisfaction scores if newborns
received sequencing.

Conclusion

Parents with more intolerance of uncertainty had more symptoms of anxiety and depression
regardless of whether or not their newborn received genomic sequencing. When results were broken
down by gender, mothers who reported more intolerance of uncertainty were also less satisfied with
disclosure, but only when randomly assigned to the non-genomic sequencing condition. Findings
highlight the importance of considering dispositional characteristics when discussing health
information about newborns with parents, and suggest that newborn genomic sequencing may satisfy
parents’ questions about the health of their newborns rather than raise more concerns.
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OBJECTIVE: Premature infants are at increased risk for neonatal complications (NC) including:
bronchopulmonary dysplasia (BPD), necrotizing enterocolitis (NEC), intraventricular hemorrhage (IVH),
and retinopathy of prematurity (ROP). Moreover, many of these conditions can lead to long-term
disability. However, even among preterm infants, there is still remarkable variation in the presence
and severity of NC. We hypothesize that the accumulation of evolutionarily conserved variants (i.e.
genetic burden) in Non-Hispanic White preterm infants influences the risk for NC.

METHODS: We analyzed the whole-exome sequences (WES) of 131 Non-Hispanic White preterm
infants born between 28-31 completed weeks. Fifty-six infants denoted resilient (RES) did not develop
severe complications (BPD gr=3, IVH gr=3, NEC gr=2, and ROP gr=2) while 75 infants denoted
susceptible (SUS) developed at least one severe complication. All preterm infants were extensively
phenotyped, and cared for in the same time period, and hospital environment. We performed logistic
regression across 24,254 genes to test burden for association to NC; gestational age was included as
a covariate in the analysis. In a post hoc analysis, we also examined the predictive power of the
polygenic risk score (PRS), which we computed from the genetic burden of 10 genes showing the
largest evidence for association.

RESULTS: Our genetic burden analysis (which included gestational age as a covariate) showed that
genetic burden is associated with NC at the exome-wide level (p = 0.05). After using a 10-fold cross-
validation procedure to protect against over-fitting, we also showed that PRS predicts NC (average
AUC=67%, p = 0.01). Note that, no single gene was statistically significant at the exome-wide level.
Furthermore, our results confirm that gestational age is associated with NC (p = 7.31E-12), and that
prediction accuracy improves when gestational age and genetic burden are combined into a single
composite predictor (average AUC=87%).

CONCLUSIONS: Genetic burden in evolutionarily conserved regions of the genome is contributing to
the heritability of NC in Non-Hispanic Whites, with excess variation leading to increased risk.
Therefore—similar to our composite predictor of NC—it should be possible to construct improved
biomarkers that integrate information from the genetic burden of associated genes.
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Paternal mitochondria are eliminated through different mechanisms in different animals in order to
make sure that strict mitochondrial maternal inheritance is maintained. However, the elimination
mechanism of paternal mitochondria in mice has been somewhat controversial, and the mechanism in
humans has not yet been fully defined. Therefore, to better understand this process, we have
conducted a close examination of the changes of paternal mitochondrial DNA (mtDNA) during early
embryonic development. Mice and human embryos were obtained by intracytoplasmic sperm
injection (ICSI), and single molecular, long-read sequencing was used to detect and analyze the
percentage of sperm mitochondria in unfertilized oocyte and different development stages of
embryos. In this way, we obtained the abundance of paternal mtDNA during the development of mice
and human early embryos. The results provide a further clue to elucidate the molecular mechanisms
of mice and human paternal mitochondria during fertilization and early embryonic development, as
well as the elimination during oocyte meiosis.
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Somatic mutations are defined by their presence in only a fraction of the cells that comprise a tissue -
a phenomenon that is referred to as mosaicism. Within the individual, in which mosaic variants arise,
they have been connected to a range of diseases - including cancer or dementia. However, if these
mutations occur prior to the specification of or within the germline, they have the potential to be
transmitted to offspring. In a cohort of 8 families with 14 children, we previously described that 4% of
501 apparent de novo single nucleotide variants (dSNVs) on the paternal haplotype were in fact
mosaic in father’s sperm. Moreover, the majority of these variants was not detectable in blood or only
at significantly lower levels. These data and additional analysis of untransmitted SNVs suggested that
sperm and by extension the spermatogonial stem cells harbor a rich collection of somatic mutations
that allow insights into the early embryonic development and the establishment of the germline;
moreover, understanding the extent and patterns of sperm mosaicism allows for the refinement of
clinical risk assessment of recurrence and de novo transmission.

Here, we extend our analysis to a cohort of 12 individuals aged 18-22 years (young), and 4 between
the ages of 48-62 years (old). We performed at least 300x whole genome sequencing on the sperm
and blood of each individual to reliably detect mosaicism down to 2% with a low false-positive rate
(<10%). In addition, for the majority of the young cohort we collected additional time points for a total
of 16. This comprehensive data set allows us to determine the inter- and intra-subject variability of
sperm mosaicism, within and across age groups. We find that each individual harbors around 20
sperm-mosaic variants with around two-third being only detectable in sperm. Across our data sets,
allelic fractions of mosaic variants suggest that a restricted founder population of 3-6 cells dominates
the germline. Furthermore, the mutational signatures reveal mutagenic processes that are distinct
between early embryonic development and post germline establishment and differ from those
mutations that are accumulated in the germline with age. In addition, we predict that our framework
has the ability to detect clinically relevant mosaicism that conveys significant risk to inherit a
potential or observed pathogenic mutation.
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Introduction: Transgender identity (TGI) occurs in 0.3% of the population and is associated with both
significant societal discrimination and even frequent discrimination within the healthcare system. One
root cause of this discrimination is a lack of understanding regarding its etiology. While prior studies
have suggested a genetic contribution, no candidate genes have yet been verified through pedigree
or functional analysis. We hypothesized that rare variants in genes involved in sexually dimorphic
brain development contribute to TGI, and that these variants would follow known Mendelian patterns
of inheritance upon segregation analysis.

Methods: Whole genome sequencing was performed on the genomic DNA of a family with
monozygotic concordant transgender male (natal female) twins as well as their cisgender parents and
sister. Variants were considered if they met the following criteria: 1) not present in 88 cisgender
controls, 2) frequency <0.01 in the EXAC, Yale, and 1000 Genomes databases, 3) predicted to have a
functional effect compared to the wild-type gene. Segregation analysis was then performed on the
remaining variants, and those consistent with either paternal-dominant, recessive, or de novo
inheritance pattern of TGl were considered for further evaluation.

Results: Whole genome sequencing, with an average coverage of 99.18% and average read depth of
33 demonstrated 50,715 genetic variants. After filtering and pedigree analysis, there were 119
remaining variants showing patterns consistent with either paternal-dominant (n=100), recessive
(n=13), or de novo (n=6) inheritance. A compelling heterozygous variant in MAP4K3 was noted in
both twins as well as their father, while their mother and sister were both identified as wild type. Our
prior research has identified MAP4K3 as a candidate gene that may play a role in the development of
gender identity in humans, making it interesting for further investigation.

Conclusion: In this family, whole genome sequencing identified 119 rare variants with inheritance
patterns that would be consistent with either paternal-dominant, recessive or de novo inheritance of
TGI. While we believe that TGI likely has multifactorial genetic and environmental contributors, these
findings add to the growing body of knowledge regarding the understanding of its genetic etiology.
This is especially true in the case of MAP4K3, which we previously identified as a candidate gene,
potentially affecting gender identity in the brain.
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Background: Prior studies have shown that SneakPeek® Early Gender Test can accurately
determine fetal sex as early as 9 weeks gestation using a gPCR-based assay. The purpose of this
study was to evaluate the clinical performance of SneakPeek® for noninvasive prenatal testing (NIPT)
to determine fetal sex at an earlier time point: 8 weeks gestation.

Methods: A multicenter blinded study was conducted at five ultrasound clinics. Maternal blood
samples were collected from 108 pregnant women between 7.00 and 10.57 weeks of gestation.
Plasma was separated from whole blood by centrifugation. A commercial DNA extraction kit
(MagMAX® Cell-Free DNA Isolation Kit) was used to isolate circulating cell-free DNA from maternal
plasma. Real-time quantitative PCR was used to detect fetal DNA using a multi-copy sequence on the
Y-chromosome. Total cell-free DNA (maternal and fetal circulating free DNA) was measured using an
autosomal control gene.

Results: Male Y-chromosome DNA was detected in all samples from women carrying a male fetus.
SneakPeek® correctly identified fetal sex in 107 of 108 pregnancies. Four of the 108 samples initially
yielded an inconclusive result. A second sample was collected from the four participants and a result
was obtained on the second round of testing. Fetal sex for all samples were unknown prior to genetic
testing and confirmed through a sonogram. In this study, SneakPeek® accuracy, sensitivity, and
specificity were 99.1%, 100%, and 98.2% for fetal sex identification, respectively.

Conclusion: This study showed that SneakPeek® Early Gender Test is highly accurate for fetal sex
determination in pregnancy as early as 8 weeks gestation.

Keywords: SneakPeek, NIPT, Early Gender Test, Pregnancy, Fetal Sex, Maternal Blood, Maternal
Plasma, Cell-free Fetal DNA
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Background

Non-invasive prenatal test (NIPT) for fetal trisomy by sequencing of maternal plasma cell-free DNA to
0.06 - 0.3 fold has become the fastest adopted molecular test in history. Nowadays, over ten millions
of NIPT tests have been carried out globally, representing a data set with a sample size capacity
similar to world-wide array data. The NIPT sequencing data, when combined with clinical records from
the hospitals, are valuable for genome-wide association studies of many important maternal and
child's traits. However, SNP discovery from the NIPT sequencing remains difficult since traditional
multi-sample variation calling algorithms are incapable of fast and accurate variation calling from
large-scale low-pass genomes although it is the first step for downstream genetic analysis.

Findings

In our study, we present a novel and highly efficient approach that integrates maximum likelihood
estimation and multiple likelihood ratio tests for SNP discovery and allele frequency estimation for
massive amount of NIPT genomes. The algorithm can not only detect and estimate allele frequency
for bi-allelic SNPs but also multi-allelic SNPs. Analysis on simulation data suggests a close-to-zero
false positive rate for SNP discovery and negligible difference on allele frequency estimation.
Comparison on the speed and accuracy for variation discovery and allele frequency estimation on
hundreds of thousands and up to million of individuals between our method and the traditional
bayesian approaches implemented in GATK and Samtools suggests that our method is more than 20
times faster while maintains similar accuracy given the same computational resource. Genome-wide
association analysis using variations called from our approach indicates greater power than directly
using the known polymorphic SNPs from the reference panel. The method so far has been applied on
the study of more millions of NIPT individuals and can be downloaded from
https://github.com/ShujiaHuang/BaseVar.

Conclusions

We present an important algorithm that can be used for accurate SNP discovery and allele frequency
estimation from up to millions of NIPT sequencing data. Evaluation on simulation and massive amount
of real data prove its largely improved efficiency and accuracy compared to traditional variation
calling approaches. Our approach supports the great potentiality of the continuously accumulating
and improving NIPT data for genome-wide association mapping of important complex traits.
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Introduction: The ability to isolate cell free DNA (cfDNA) from the maternal bloodstream is a
powerful tool for noninvasive prenatal screening (NIPS) of trisomies 13, 18, and 21. Accurate prenatal
assessment depends largely on the fraction of fetal cfDNA present in the maternal serum sample.
Recently published findings revealed that the presence of trisomies is associated with decreased fetal
fraction, prompting guidelines for women with failed NIPS testing due to inadequate fetal cfDNA to
undergo invasive testing. In the current study, we aimed to determine whether decreased fetal
fraction was associated with trisomy in our cohort, and if NIPS failure due to a fetal fraction below the
established clinical cut off of 4% is an indicator of risk.

Methods: Information including maternal BMI, maternal age, fetal sex, gestational age, fetal cfDNA
fraction, and NIPS results was collected on a cohort of 2,374 pregnancies referred to the Mayo Clinic
Genomics Laboratory between January 2016 and September 2018. Additional clinical information was
available for 1,181 patients who delivered at Mayo Clinic, including fetal outcome, fetal and maternal
complications, and maternal smoking status. We determined the success rate of retesting after initial
failure due to low fetal fraction and conducted linear and logistic regressions to investigate
associations between fetal fraction and the aforementioned variables.

Results: Consistent with previous reports, fetal fraction was positively associated with gestational
age (p < 0.001) and negatively associated with BMI (p < 0.001). Fetal fraction was negatively
associated with the presence of trisomy (p = 0.031) and intrauterine fetal demise (IUFD; p = 0.046),
controlling for BMI and gestational age. However, the proportions of trisomies or IUFD were similar in
women who had fetal fraction below and above 4%. Fetal fraction was not associated with maternal
age, fetal sex, pre-eclampsia, gestational hypertension, or maternal smoking status. 66% of redraws
were successful.

Conclusion: Although decreased fetal fraction is associated with fetal trisomy and IUFD, failure to
meet the clinical cutoff of 4% fetal fraction established for NIPS accuracy does not suggest increased
risk for these characteristics. Because most redraws were successful and the majority of failed NIPS
were explained by high BMI and low gestational age, a redraw may be a more appropriate next step
before invasive screening due to concerns of trisomy risk.
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Confined placental mosaicism (CPM) and true fetal mosaicism are known to occur in human
pregnancy. Mosaicism, mostly CPM, is detected with cell-free DNA-based noninvasive prenatal testing
(NIPT), but there is limited information with cell-based NIPT. We have been developing Single
Circulating Trophoblast (SCT) testing as a novel form of noninvasive prenatal diagnosis. Trophoblasts
obtained after immunomagnetic enrichment from 30-40 mL of maternal blood are analyzed for copy
number variants by single cell whole genome next-generation sequencing. Since June 2017, we have
analyzed 247 samples for which at least one isolated trophoblastic cell was scorable for fetal
aneuploidies, with a median of 3 scorable cells/case (sequenced up to 5 cells/singleton case).
Evidence for CPM was found in 5/247 cases (2.0%).

CPM in CVS samples can be divided into three categories: abnormal cells confined to the
cytotrophoblast layer (CPM I, direct preparation), confined to the mesenchymal core (CPM I, long-
term culture) or found in both lineages (CPM Ill); only CPM | & Il would be detected by our SCT testing
assay. The frequency observed is 2-fold higher than the reported combined frequency for CPM | & llI
(0.78% and 0.22%, respectively, in CVS samples from first-trimester pregnancies). The chromosome
imbalances in the analyzed SCT cells from each case (shown as abnormal cells/total cells analyzed)
were monosomy X (3/7), trisomy 13 (2/2), trisomy 15 (1/1), trisomy 4 (3/3) and gain and loss of 13q
(4/4). In four of the five SCT CPM cases, CVS and/or amniocentesis testing revealed normal
cytogenetic results, consistent with CPM I. For one case, CVS analysis indicated very low-level
mosaicism, but follow-up amniocentesis showed a normal profile.

These results suggest that CPM | may be a more common phenomenon than currently recognized,
which is perhaps not surprising given the high-frequency mosaicism seen in day 3 embryos and day 5
blastocysts. It is possible that the detection of CPM | by direct CVS biopsy is an underestimate given
the tiny fraction of the placenta sampled. It is also of note that uniparental disomy (UPD) 15, causing
Prader-Willi or Angelman syndrome, is assumed to occur through trisomy and monosomy rescue,
respectively; yet this hypothesized mosaicism has rarely been seen in CVS samples leading to UPD15.
These data have important implications for normal human biology and for disease states that might
be caused by mosaicism that has been undetected to date.
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Prenatal genetic diagnosis provides earlier results and expanded testing options over traditional
newborn screening, promoting more effective treatment in the immediate newborn period. Expanding
the scope of prenatal genetic testing will enable additional treatment options, especially with the
ongoing development of gene therapies. The most comprehensive genetic testing requires obtaining
a direct fetal sample, either through amniocentesis or chorionic villus sampling, with risk for
pregnancy loss and other complications. While the overall risk of these procedures is low, we aim to
eliminate invasive procedures by interrogating fetal-derived cell-free DNA fragments in maternal
blood. As a pilot study, we performed whole-exome sequencing (WES) on cell-free DNA in three
pregnant women -- two with structurally anomalous fetuses, and one with previous pregnancies
affected by Menkes syndrome. We focused our analyses on high-quality single-nucleotide
polymorphisms (SNPs), cross-referencing SNPs identified in maternal cell-free DNA with likely- and
known-pathogenic SNPs listed in the NIH ClinVar database. In case one, we identified a recessive
causal variant ¢.1120 G>T (p. Glu374Ter) for type VIII osteogenesis imperfecta in the P3H1 gene. The
variant fit with the sonographic findings of shortened long bones, bowed femurs, and hypoechogenic
bones. The homozygous variant in P3HI was confirmed by amniocentesis and Sanger sequencing.
The minor allele frequency for the P3H1 variant was 53%, which, despite sequencing coverage
>200x, would have been insufficient to suggest fetal homozygosity without the sonographic findings.
Case two occured in a mother with five prior pregnancies affected with X-linked recessive Menkes
syndrome; we did not find any SNPs within the ATP7A gene. Case two did reveal the mother, but not
the fetus, carries the ¢.1187G>A (p.Gly396Asp) variant in the MUTYH gene for MYH-associated
polyposis. In case three, the fetus had arthrogryposis with clubbed feet and elbow contractures on
sonography. We did not find any likely- or known-pathogenic SNPs via cell free DNA analysis or via
whole exome sequencing from the direct fetal sample. Taken together, these results demonstrate
some ability to identify causal variants from WES on cell-free DNA, but illustrate the need for greater
efforts.
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Cell-based noninvasive prenatal testing (NIPT) as a novel form of prenatal diagnosis has been
explored for decades. We have developed a Single Circulating Trophoblast (SCT) testing method for
the analysis of trophoblasts from maternal blood during the late 1st/early 2nd trimester to reliably
detect =1 Mb fetal copy number variants (CNV) (PMID 27616633, 27761919). We here report on 1)
the results of two pilot studies in preparation of a more rigorous CAP/CLIA validation study, 2) data
from additional samples collected at early gestational age (GA), and 3) our experience with multiple
pregnancies.

1) A total of 95 samples (30-40 ml) were collected at 8w2d-20w6d GA in the two pilot studies. After
enrichment, putative trophoblasts were picked to undergo CNV analysis by low coverage single-cell
whole genome next generation sequencing (NGS). Overall, an average of 0.20 cells/ml was identified.
About 55% of all sequenced trophoblasts were of high quality (scorable for both aneuploidy and CNV),
and with up to 5 sequenced cells/case, there were on average 1.93 high-quality cells/sample. This
corresponded to 53% of cases having =2 high-quality cells.

2) An additional 44 samples were collected specifically at 6w4d-10w6d GA. An average of 0.12
cells/ml were identified by microscopy. For 8 samples no trophoblasts were available for analysis, but
NGS data are available for 29 cases and still pending for 7 cases. Of all sequenced cells, 47% were of
high quality, and for 12/29 cases =2 high-quality cells were available.

3) When considering multiples, 26 twins and 1 triplet case were recruited since June 2017 and yielded
higher cell numbers compared to singletons. An average of 0.42 trophoblasts/ml was identified,
yielding on average 3.6 high-quality cells per case with NGS analysis and 75% of cases having =2
high-quality cells. For the confirmed opposite-sex twins, cells from both fetuses were recovered in 6/8
cases, and also for the triplet (2 male and 1 female), both normal male and female cells were
recovered.

In conclusion, SCT testing is a rapidly evolving technique with strong potential as a clinical test in the
near future. We show that SCT testing is also feasible at early GA, although the yield is less than at
10-15w GA. Increasing the trophoblast yield would allow earlier prenatal testing and possibly earlier
pregnancy management than conventional testing methods. Additionally, the ability to recover cells
from separate fetuses is an advantage over cell-free NIPT.
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Pregnancy complications vary based on the genetic sex of the fetus. Pregnancies with a male fetus
are more likely to be delivered by cesarean section and delivered preterm. Subchorionic hemorrhage
is the most common pregnancy complication occurring in ~25% of pregnancies and is 6.8 times more
likely with a male fetus than pregnancies with a female fetus. Pregnancies with a female fetus, on the
other hand, are more likely to experience intrauterine growth restriction in which the fetus does not
grow to normal healthy weight. The placenta, which is the genotype of the fetus, is critical for
sustaining and maintaining a healthy pregnancy by acting as an immune modulator to protect the
developing fetus from the mother’s immune system. Improper placenta function can result in
pregnancy complications and may be driven by changes in gene expression. Indeed, several studies
have shown that placenta gene expression differs between healthy term placentas and placentas
from pregnancies characterized by preeclampsia and intrauterine growth restriction. While these
studies enhanced our understanding of these phenomena there was limited sample size, and sex
differences were not analyzed. Here we fill this gap by characterizing genome-wide expression
differences and similarities between 30 male XY and 30 female XX placentas from term
uncomplicated pregnancies to create an overview of typical sex differences in one of the earliest
developed tissue, the placenta. Our preliminary results show that genes that are more highly
expressed in the female samples are involved in the stimulation of the ovaries to synthesize steroids
for sustaining the pregnancy whereas higher expressing genes in male placental samples are involved
in T cell differentiation in immune response. Further characterizing sex differences in these full-term
placentas will provide the groundwork for future studies to investigate sex-specific disease-related
gene expression.
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In mammals, genetic females (XX) have two X chromosomes while genetic males (XY) have one X
chromosome. To equalize dosage between males and females, one of the X chromosomes in XX
females is silenced through a process called X chromosome inactivation (XCl).

Previous studies of patterns of XCl in the placenta were either in non-human placentas, or only
examined a few SNPs and genes in humans. In addition to the patchiness of X-inactivation across
regions of the placenta, XCl is not complete in humans; as many as one-third of the genes on the X
chromosome escape XCI. It is not known whether the same genes escape XCl in the same tissue
across multiple individuals, and gene-specific escape in the placenta has not been investigated.

To better understand the patchiness, or potential maternal or paternal bias in XCl in the placenta, and
whether genes escape XCl vary between individuals, we sequence 30 placenta tissues from 30 full-
term, healthy pregnancies with female offspring. This is important because the placenta is the
genotype of the fetus. Importantly, for each placenta, we collect extract RNA from two different sites.
We choose the placenta in this study because heterogeneity in patterns of XCI can give us insights
into when during development the X chromosome is silenced, and because understanding
heterogeneity in this early-formed tissue is important for its downstream developmental effects. We
perform whole-exome DNA sequence of each individual and RNA-seq for each extraction site. We
quantify XCI for each extraction site from the same placenta to understand how heterogeneous XCl is
in the placenta. For each gene on the X chromosome, we determine if it escapes XCI across all 30
placentas or the pattern of escape genes is heterogeneous. We discuss our findings on the
heterogeneous patterns of XCI within and between individuals and their clinical implications.
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We present the case of a 48-year old female with lobular breast cancer and a family history of breast
and gastric cancer. In 2016, the patient underwent genetic testing utilizing a multi-gene panel. This
testing revealed a likely pathogenic variant (LPV) in the BRIP1 gene, ¢.206-2A>G and a variant of
uncertain significance (VUS) in the CDH1 gene, p.T285I. The patient’s father passed away from gastric
cancer with signet ring cell features (pathology confirmed). Following the patient’s testing, a paternal
aunt developed breast cancer and was also found to carry the CDH1 VUS, confirming paternal
inheritance. According to the International Gastric Cancer Linkage Consortium Guidelines,
identification of a CDH1 VUS in the setting of a family history consistent with hereditary diffuse gastric
cancer (HDGC) should prompt consideration of endoscopy with multiple random biopsies, although
this has not been proven to reliably detect this cancer at an early stage. CDH1 mutations are also
associated with about a 56% lifetime risk for breast cancer, often lobular. BRIP1 mutations are
associated with about a 6% lifetime risk for ovarian cancer and possibly a modestly increased risk for
breast cancer. The patient recently opted for a total hysterectomy. A sister with LCIS was also found
to carry the BRIP1 LPV, but not the CDH1 VUS, which was a finding of particular interest, given the
association between lobular breast pathology and CDHI1 pathogenic mutations. A second sister was
also found to carry the BRIP1 LPV and CDH1 VUS and developed breast cancer a year after testing
positive. The identification of the CDH1 VUS and confirmation of paternal inheritance has proven to be
more distressing for this family then the identification of the BRIPI LPV, a result with an established
NCCN recommendation for prophylactic oophorectomy. The uncertainty of screening for HDGC and
the possibility that this variant may be reclassified as pathogenic has significantly raised the cancer
related anxiety in this family. However, the patient and her relatives have been counseled that only if
the CDH1 VUS is upgraded, would this prompt a consideration of prophylactic gastrectomy. This case
illustrates the complexity of multi-gene panel results, the importance of dynamic family history as a
contributor to result interpretation, and the intricacy of genetic counseling for variants of uncertain
significance, in particular in families consistent with a high-risk cancer susceptibility syndrome.
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Precision Medicine centers around the use of biomarkers as diagnostic, prognostic, treatment
predictive, and risk-based tests. These genetic tests are the defacto gateway to precision medicine.
However, the lack of diversity in genetic research, the demonstrated differences in clinical utility, and
limited access to clinical genetic tests in some disease areas suggests that precision medicine may
exacerbate existing disparities. There has been a major push to increase the diversity in genetic
research through programs like the All of Us Program and Million Veteran’s Program. There is growing
concern that even if the differences in utility are resolved, the genomic tests necessary for precision
health care will not be available to all. Complicating the issue is the lack of data on use of genetic
testing across diverse racial groups. Using a hospital system-wide centralized clinical data registry
and warehouse with more than 1 million patient notes from more than seven hospitals, we examined
the demographic characteristics of select cancer focused genetic tests from (1988-2019). Specifically,
we conducted a cross-sectional study of genetic testing for select hereditary cancers, select heme
malignancies, as well as testing for select genes involved in targeted cancer therapy in the Partners’
Research Patient Data Registry. Our study shows large significant population differences in cancer
testing for pharmacogenetics [84.9% White, 3.8% Asian, 3.5% Black, and 2.0% Hispanic]; heme
malignancies [82.5% White, 2.4% Asian, 4.9% Black and 2.1% Hispanic], as well as hereditary cancer
[88.6% White, 2.7% Asian, 2.5% Black and 1.7 % Hispanic]. In the more than 20,000 patient notes
with genetic testing more than 80% were for White patients. Most of these patients received testing
at large hospitals (> 750 beds), with fewer patients receiving genetic testing at smaller community
hospitals (< 200 beds). Although these findings are limited to a single hospital system and are not
nationally representative of all genetic testing, these data show the problem may be pervasive in all
types of genetic testing for cancer. A national study on use of genetic testing for cancer diagnosis,
prognosis, treatment, and disease management is needed. Furthermore, investigation into the
potential cause of these differences in use, as well as solutions including public advocacy, patient
engagement and provider education is required.
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Familial communication of pathogenic BRCAI results is needed to maximize the clinical utility of
sequencing and its public health benefits. Cascade BRCA1 genetic testing is suboptimal and practical
strategies for promoting familial testing are needed. Disclosure of BRCAI results present
opportunities to counsel probands about familial communication. Little is known about what familial
communication recommendations are offered to probands by genetic counselors (GCs). We examined
differences in how GCs discussed familial implications of pathogenic BRCA1 results based on:
specificity of familial risk-messaging; offer of logistical help for relatives; and, provision of family
letters. We completed structured content analysis of 159 BRCAI result disclosure notes, abstracted
from electronic medical records (EMRs), for probands seen at MD Anderson Cancer Center from
2014-2019. Probands were 94% female, median age of 48.6 years, 52.3% non-White, and were
counseled by 20 unique GCs with mean post-graduate experience of 4.2 years. 53.3% of notes
described specific at-risk relatives who would benefit from genetic counseling; the remainder
described familial implications more generically. The practice of including specific information differed
widely among individual GCs [range: 6-88%]. 27% provided information on logistical genetic
counseling assistance for relatives (e.g., targeted testing cost, assistance locating GCs or testing
services for underinsured). More experienced GCs were more likely to provide detailed familial
implication information (p=0.001) and offer logistical help (p=0.04). Presence of an accompanying
relative to an in-person appointment (n=34) did not change the specificity of familial implications
offered, compared to unaccompanied (n=48) or telephone disclosures (n=73) (p=0.91). The provision
of family letters was mentioned in 48.4% of notes, but the intended recipients or purpose were
frequently not specified. Some notes indicated familial communication primarily as a means to
determine paternal or maternal inheritance of mutation. Although there may be discordance between
EMR disclosure notes and actual counseling, findings suggest that offering specific risk-messaging,
logistical help and explaining intended recipients of family letters are opportunities for improving
familial communication. Counseling to determine inheritance patterns of BRCA1 can be framed as
opportunities to promote familial communication and cascade genetic testing.
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Robert Frost inspired the world by taking the road less traveled. Interpret as you may, he claimed it
made all the difference. New perspectives are gained from breaking away from the norm, yet today,
as scientists, we find ourselves continuously following the path of least resistance regarding the
recruitment of human subjects into research. We are all aware of health disparities in the U.S. and the
recruitment bias towards urban-living Caucasians. Individuals living in rural America, as well as those
of ethnic minorities, are the most susceptible to health disparities but the most underrepresented in
research. As geneticists, particularly in the era of precision medicine, we hold the power to influence
change. We need to step outside our comfort zones and make a concerted effort to include vulnerable
populations in our research.

The back roads of Alabama are secluded, winding through hardwood and pine forests and open arable
land. One can also see pockets of housing, some beautifully kept and others that truly do not seem
habitable. The Gene Machine — a mobile recruitment and enrollment bus — witnesses this first-hand
as its travels through the state to secure study participants for hereditary breast cancer genetics
research. This eye-catching pink bus is a part of an IRB-approved community-based recruitment (CBR)
protocol centered on overcoming barriers to research participation. We previously published our
rudimentary strategies to recruit in the rural and medically underserved state of Alabama, which also
has nearly double the national percentage of Black/African American individuals. Including
underrepresented individuals in research is an arduous process, but it is also gratifying, and we are
now implementing modifications to enhance enrollment based on lessons learned.

Overall, the Gene Machine brings research opportunities to the underrepresented, along with the
option to receive genetic research reports. To date, 99% of the CBR study probands have chosen to
be informed of clinically relevant findings; only 41% previously had clinical genetic testing. Notably,
we established a collaborative telegenetic counseling project to provide local services to mutation
carriers; interestingly, upon receiving a report, to date, only Caucasians have accepted the service,
indicating adjustments are necessary. Overall, we all can learn from exploring the road less travelled,
and we hope the Gene Machine can inspire a movement towards true inclusion.
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Introduction: Cascade screening is an ideal way to target healthy at-risk individuals, but suboptimal
family communication, reliance on paper documents, and downstream geographic barriers all make
the execution challenging. There is a need to develop novel approaches to family sharing that
leverage modern societal communication modalities.

Methods: In collaboration with board-certified genetic counselors, Clear Genetics, Inc. developed a
Family Sharing Tool that patients can use to share genetic test results with at-risk relatives using a
“cascade chatbot” via email, text, or Facebook private message. We assessed the ability of a BRCA1
Cascade Chatbot to communicate genetic information to hypothetical at-risk relatives. The
chatbot—named GIA for Genetic Information Assistant— was programmed to describe the familial
mutation, relay associated disease risk, and facilitate next steps, including triage to telephone genetic
counseling. The tool was tested on 100 users, ages 45-55 with at least a high school degree, to assess
ease of use, satisfaction and comprehension.

Results: When asked about ease of use, 96% said the tool was “easy/very easy” to use, and 92% felt
it was an effective way to get information. Only 3% would have preferred a call with a genetic
counselor, and 4% would prefer a letter in the mail. When given the option to describe GIA’s
personality, the top 3 descriptors were: “Informative” (84%), “Friendly” (63%), and “Professional”
(52% ). To understand satisfaction levels, users were asked to describe how the interaction with GIA
made them feel: 91% of reported “Informed”, 58% felt “Engaged”, and 34% “Empowered.” Other
feelings were “Grateful” (23%), “Scared” (9%), and “Uncomfortable” (7%). Finally, 99% understood
that testing was necessary to determine personal risk, and 76% understood that a positive result
would stratify them as high-risk.

Conclusion: Preliminary data suggests that offloading the burden of family sharing to a chatbot can
facilitate effective communication to at-risk relatives. This mode of communication alleviates many of
the logistical barriers of cascade screening, while ensuring the delivery of authoritative genetic
information to targeted relatives. Testing of this tool in a clinical setting is the next step to
determining whether it can optimize cascade screening and change patient behaviors.
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Objective: Telegenetics allows physicians to provide medical genetic care and counseling services
remotely through audiovisual technology. Telegenetics may address many challenges facing our
society in Middle -Eastern population living in U.S. Due to high level of genetic diseases in this
population, telegenetics can increase detection , diagnosis and treatment of disorders in the young
and aging population and decrease healthcare cost. With this work, we attempt to evaluate how
telegenetics can effect a change in these challenges, and evaluate what obstacles prevent some
providers from using it.

Methods: In this work, the cost-effectiveness, success of telegenetic care, usefulness in reaching
developing and underdeveloped areas, dif?culties preventing the use of telegenetics, and proposals to
overcome these challenges were reviewed and analyzed.

Results: Cost of telegenetics was reported 19% less expensive than traditional face-to-face care. In
several studies, telegenetics was documented to have had equal or better outcomes than face-to-face
encounter. Dif?culties in using telegenetics include affordability of equipment, lack of technical
support in developing or underdeveloped areas, legality of licensure and patient privacy and
satisfaction.

Conclusions: Although cost savings and convenience are major advantages of this technology,
concerns with delivery barriers and challenges require cautious embracement of telemedicine. A
great deal of research is needed to show that telegenetics improves patient centered outcomes.
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For genomic medicine to have an impact on public health, clinicians without formal training in
genomics need to incorporate genetics/genomics into their practice. While dissemination of genomic
education is recognized as an important aspect of reducing practice gaps, it has received limited
study. The Jackson Laboratory Clinical Education Program (JAX) with support from the Connecticut
Department of Public Health Genomics Office (DPH) developed and implemented a marketing strategy
for Cancer Genetic Clinical Education, a well-tested set of 11 online, interactive modules on cancer
genetics. This program seeks to train primary care providers (PCPs) to use evidence-based guidelines
about Tier | cancer genetic applications. The goal was to enroll 100 new CT clinicians in the program
as part of the larger DPH effort to help clinicians identify and manage patients at risk for hereditary
cancer. Methods: Based on initial consultation with external and institutional marketing experts, JAX
implemented a strategy including in-person presentation, email campaign, social media, and content
marketing. Results: From Feb-Sept 2018, JAX sent 25 emails to CT licensed PCPs, posted 135 tweets
on JAX channels, provided 58 posts for DPH’s Facebook page, posted 7 paid social media ads, and
gave 5 presentations to 133 clinicians. 133 new clinicians enrolled in 170 modules with 12,522
pageviews, including 70% PCPs and 7.5% oncology clinicians. Email was most effective in increasing
enrollment in a module, paid ads in exposing a large number of individuals to the program, and social
media in raising awareness of the program, defined by page views. Few social media users enrolled in
modules and presentation attendance was not associated with module enrollment, suggesting
presentations and online modules reached different audiences. Conclusion: Genomic educators
often have limited resources and expertise to support dissemination, but it is critically important. To
our knowledge, this is the first study reporting on dissemination of genomic education to a general
population of clinicians. Our results suggest that different channels may be useful to achieve
outcomes of awareness and enrollment, although the impact of awareness needs further study.
Frequent email communication and local presentations were the most effective methods to reach
clinicians with genetic education. These preliminary findings should be confirmed through study in
other populations.
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Background: The RECQL gene, a member of the DNA helicase family, has been reported as a
candidate gene for hereditary breast cancer. While initial publications support a significant
association with breast cancer risk, subsequent authors demonstrate conflicting evidence and the
penetrance of the gene has yet to be delineated. Phenotypic variability, including possible
associations with ovarian and colorectal cancer, is not well-defined. We aim to describe the spectrum
of RECQL variants identified in our testing cohort, and to characterize the clinical phenotype of
women with RECQL pathogenic and likely pathogenic variants (collectively denoted PV).

Methods: We performed a retrospective review of 11,449 women undergoing multi-gene hereditary
cancer panel testing for up to 64 genes, including RECQL, between December 2017 and February
2019. Personal and family histories of cancer were evaluated. Women with a PV in another gene were
excluded from analysis.

Results: Among all women tested for RECQL, the positive yield was 0.3% (35/11,449). Fourteen
different PV were identified among the 35 women. Over half had a recurrent variant: sixteen with the
Polish founder variant (c.1667_1667+3delAGTA), and three with the French Canadian founder variant
(c.643C>T). Of the 35 positive women, 37.1% (13/35) had breast cancer with an average age at first
diagnosis of 57.7 years. There were 3 patients with ovarian cancer (8.6%), with an average age of
diagnosis of 50.3 years, and none with a personal history of colorectal cancer. Family histories of
breast, ovarian or colorectal cancer were reported by 26/35 (74.3%), 7/35 (20.0%), and 8/35 (22.9%)
women, respectively. Almost half of all women (n=5,452) had a personal history of breast cancer, in
whom the positive yield for RECOL was 0.24% (13/5,452).

Conclusion: PV in RECQL are identified in a small proportion of patients undergoing panel testing and
with breast cancer. The inclusion of RECQL in multi-gene panels may enhance cancer risk screening
opportunities. While this case series may be supportive of a potential association with breast cancer,
larger, diverse case-control investigations will help to clarify the risk estimations from prior studies
and delineate the role of RECQL in female breast and other cancers.
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Background: The role of population-based newborn genetic testing for pediatric cancer
predisposition has not been studied, despite the availability of cancer surveillance guidelines for early
detection in high-risk infants and children.

Methods: We developed the Precision Medicine Policy and Treatment (PreEMPT) Model to estimate
the value of population-based newborn genomic sequencing (NBS) for a select panel of genes
associated with early onset pediatric malignancy. Cohorts of US newborns were simulated under NBS
screening vs. usual care, from birth to death. Eleven pediatric cancer predisposition syndromes were
included, with mutations in RET, RB1, TP53, DICER1, SUFU, PTCH1, SMARCB1, WT1, APC, ALK,
PHO2XB assigned at birth, using pathogenic/likely pathogenic (P/LP) variant prevalence and disease
risks drawn from clinical studies and SEER, ClinVar and gnomAD databases. Newborns with mutations
underwent cancer surveillance based on established guidelines. Survival benefit was modeled as a
reduction in proportion of advanced disease, cancer deaths, and treatment-related late mortality
risks. Costs were based on published literature and national databases. To capture uncertainty, we
conducted 100 simulations in which each parameter was sampled from its underlying distribution, and
report the mean and 95% uncertainty interval (Ul) for all outcomes.

Results: In a typical US birth cohort of 4 million newborns, we estimated 3208 (95% Ul, 2988-3426)
P/LP variant carriers and 2167 (95% Ul, 2123-2212) cancer cases in the malignancies associated with
this gene panel before age 20 under Usual Care, resulting in 507 (95% Ul, 494-519) cancer deaths
and 842 (95% Ul, 821-867) living with radiation exposure risks. NBS would prevent 8 (95% Ul, 6-10)
cancers (in RET carriers), avert 41 (95% Ul, 28-60) deaths via surveillance, and result in a 7% (95% UlI,
4-10%) reduction in adult survivors at risk for radiation-associated late mortality. Given a sequencing
cost of $55 (e.g., $5/gene), the incremental cost-effectiveness ratio (ICER) for NBS was $218,500 per
life year (LY) gained; if sequencing cost declined to $10 for the gene panel, the ICER fell to $50,800
per LY.

Conclusions: Population-based genetic testing of newborns may reduce mortality associated with
pediatric cancers and could potentially be cost-effective as sequencing costs decline. Decision
modeling provides a novel approach for understanding the potential benefits and costs of newborn
genomic screening.
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Background: In limited-resource countries like Mexico, GCRA is not routinely provided due to lack of
public insurance coverage for counseling, testing and prophylactic surgeries. There is limited
infrastructure of clinicians with GCRA expertise, and little awareness among providers and patients.
Thus, GCRA services in Mexico are 20 years behind higher income countries, resulting in suboptimal
care and missed opportunity for prevention.

The Breast Cancer Center TecSalud established formal GCRA services for underserved patients by
recruiting a cancer geneticist who provides pro bono care for patients, building academic
collaborations for training and research with City of Hope, and enabling free genetic testing through
the Clinical Cancer Genomics Community Research Network, supported in part by the Breast Cancer
Research Foundation.

Aim: To report the uptake of the GCRA program by patients and relatives and of risk reduction
surgery at TecSalud from January 2016 - May 2019.

Methods: Eligible probands are Mexican women who meet hereditary breast cancer testing criteria
and at risk relatives of mutation carriers. Risk reduction procedures (Risk reduction mastectomy:
RRM; Risk reduction salpingo-oophorectomy: RRSO) are covered by Seguro Popular and/or the NGO
Fundacién Santos y de la Garza Evia.

Results: GCRA was offered to 317 patients and 96 at risk relatives, with an increasing reach
(proportion of those eligible who access the program). There is a significant growth of cascade testing
and receipt of risk reduction surgery over time

2016 2017 2018 2019
Patients tested 71 86 98 62
Relatives tested 0 6 68 22
4 17 4
Prophylactic surgeries 0 2 RRM; 2 5 RRM; 12 3 RRM; 1
RRSO RRSO RRSO

Conclusion: Increasing GCRA visits represent improving reach, due in part to integration of a skilled
multidisciplinary team, outreach at the hospital and increased patient awareness. The expansion of
cascade testing and performance of risk-appropriate surgeries reflects a maturing prevention



program. Key determinants of our progress are collaborations that provided us with crucial
mentorship, access to genetic assays, as well as the increasing support of local leaders,
administrators and benefactors. Sustainment of progress requires increased multilevel efforts and
establishment of GCRA as a supported standard of care, so the opportunity for prevention is not
missed for vulnerable and underserved high-risk patients and families.
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Lynch syndrome (LS) is an inherited cancer syndrome, caused by pathogenic variants in the four
mismatch repair (MMR) genes (MLH1, MSH2, MSH6 and PMS2) and EPCAM. Individuals with LS are at
increased risk of colorectal cancer (CRC), endometrial cancer and other cancers, and their first-degree
relatives are at 50% risk to carry the identified variant. Increasingly, health care systems are
implementing universal programs for LS which screen all patients newly diagnosed with CRC for
molecular signs of LS, followed by genetic testing to confirm the diagnosis. Little is known about
patient perspectives on tumor screening for LS, such as importance of knowing and communication
about results; this understanding will guide successful implementation of screening programs. We
performed semi-structured phone interviews among individuals newly diagnosed with CRC at two
integrated health care systems-one with a screening program and one without: Kaiser Permanente
Northwest (KPNW) and Kaiser Permanente Colorado (KPCO). Twenty-one patients (10 KPCO/11 KPNW,
52% female, 90% White) were interviewed up to 7 months from date of CRC diagnosis (mean age 63
years, median cancer Stage 2). While most patients (20/21) had limited prior knowledge of LS or
tumor screening, almost all (19/21) felt learning LS status was important to them and their family, as
it could inform their future medical and lifestyle choices. One third of patients felt that tumor
screening should be standard care protocol, and most (17/21) had no concerns with documentation of
the results in the medical record. A minority of participants expressed concerns about LS tumor
screening which included: how documentation of results could affect future insurance coverage
(6/21); privacy and data security (3/21); lack of consent for screening if automatic (2/21); and
potential anxiety while awaiting results (2/21). Many (14/21) felt that screening results should be
returned at an in-person visit, preferably by a familiar provider (13/21). Overall, most individuals
interviewed felt positively about tumor screening for LS and had few concerns about the screening or
documentation of results in their medical record. Patients felt they and their families would benefit
from tumor screening and knowledge of their LS status. Importantly, 62% (13/21) of participants also
had a blood relative seen by the same health care system, highlighting a possible opportunity for LS
testing of blood relatives by health care systems.
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Background: The Society of Gynecologic Oncology of Canada has created the “No Woman Left
Behind” campaign, seeking to ensure that every woman with high grade serous ovarian cancer
(HGSOC) is informed of her BRCA mutation status. Women with BRCA1/2 mutations may benefit from
targeted therapies and their blood relatives may benefit from predictive genetic testing and risk
reducing measures. We previously published that 62% of patients with HGSOC at our centre were
referred for genetic counselling/testing.

Objective: To document the care pathway for women referred to the Juravinski Cancer Center (JCC)
in Hamilton, Ontario, Canada with: (i) a diagnosis of ovarian cancer (OC), fallopian tube cancer (FTC),
or primary peritoneal cancer (PPC) (ii) a suspicious pelvic mass or (iii) clinical symptoms suggestive of
OC to determine if there is a common touch point that would allow for 100% of this patient population
to access BRCA1/2 testing.

Methods: A retrospective chart review was conducted on 284 new patient referrals to the
gynecologic oncology service at the JCC from January 2016-December 2017. Data related to the
patient’s diagnostic assessment, surgery and/or treatment was extracted to construct patient care
pathways. These pathways were analyzed to identify the area of greatest convergence.

Results: Outpatient blood work was obtained for 94.7% (269/284) of patients by their first
appointment at the JCC. Eleven patients had bloodwork at their second or subsequent appointment.
Beyond the first appointment, there was significant divergence in care pathways. There were four
individuals who did not have blood work due to poor health/functional status.

Conclusions: Blood samples for germline BRCA1/2 testing could be obtained at the first appointment
as bloodwork is a standard component of the order set for all women with (i) a confirmed diagnosis of
OC, FTC, or PPC (ii) a suspicious pelvic mass or (iii) clinical symptoms suggestive of OC. This would
allow the majority of these patients to have the opportunity to provide a DNA sample which can be
used for BRCA1/2 testing upon patient/family consent and/or confirmation of the diagnosis. While our
study shows it was not possible to obtain a blood sample from 100% of women in our patient
population, our proposed suggestion of obtaining blood at the patient’s first appointment would be a
32.7% improvement on the previously reported low referral rates for BRCA1/2 testing.
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Background

Individuals with an inherited cancer syndrome undergo costly and invasive serial screenings that are
ineffective at detecting all associated malignancies. Detecting cancer early is critical to improving
patient outcomes and research has shown that cell-free DNA (cfDNA) analysis can be utilized as a
minimally invasive and effective cancer screening modality. While implementation of cfDNA testing
into the clinic for early cancer detection is promising, no studies to date have consulted with
healthcare providers and researchers on the realities surrounding the utility and implementation of
cfDNA screening.

Aim
Understand healthcare providers and researchers perceptions of the clinical utility of cfDNA testing for
early cancer detection and identify the factors impacting clinical uptake.

Methods

We are conducting 25-30 semi-structured interviews with researchers and healthcare practitioners,
including oncologists, medical geneticists, genetics counsellors, and primary care providers.
Interviews will be transcribed and analyzed thematically. Data collection and analysis will be
completed by August of 2019.

Results

Interviews with 10 practitioners and researchers have been completed. Preliminary analyses reveal
that the utility of cfDNA screening depends on whether there exist effective screening modalities for
particular cancer types. For example, for patients with BRCA1/2 mutations cfDNA could serve as a
screening modality for ovarian cancer since no effective screening strategy exists, and as an adjunct
test for breast cancer to help decipher benign breast lumps from malignancies. However, participant’s
perceived limited utility for screening colorectal cancers in Lynch syndrome carriers, given the
effectiveness of colonoscopies at decreasing cancer risk. When discussing barriers and facilitators to
uptake, participants expressed that a cfDNA screening test would need to have a low false positive
rate, strong scientific evidence base and be accompanied by end-user education and practice
guidelines. Cost and the inability of non-specialists to interpret results were seen as potential barriers.



Discussion

Our preliminary analyses provide insights into how practitioners may use cfDNA in care and how the
value of the test is largely dependent on whether effective screening strategies are available for a
hereditary cancer syndrome. This study provides valuable information that will enable the optimal
adoption of cfDNA into clinical care.
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Background: Most studies of the informed consent (IC) process for genomic sequencing (in both
research and clinical settings) have been conducted in institutions with limited racial/ethnic patient
diversity. Findings demonstrated large variability in the estimated length of time to provide IC that
differed by factors including experience, provider and population. The Texas KidsCanSeq (KCS) Study,
an NIH funded Clinical Sequencing Evidence-Generating Research consortium project is studying
implementation of genomic sequencing for pediatric cancer patients (germline for all subjects and
tumor included for high risk patients) across the diverse population of Texas. Analysis of the time and
effort required to obtain consent provides an opportunity to explore the IC process among ethnically
diverse participants.

Methods: Study staff trained in IC offered KCS enrollment to patients treated in the Texas Children’s
Hospital (TCH) Cancer Center. The IC process was performed in the family’s preferred language, with
a native Spanish-speaker consenting in Spanish. All study materials (including consent forms and
videos) were available in English and Spanish. Data analyzed of the IC process includes language,
number of times parents discussed the study with staff (IC attempt), and total time spent in direct
patient contact until enrollment. Participant-reported ethnicity was used to compare consent
characteristics of enrolled patients in 3 groups (Non-Hispanic consented in English, Hispanic
consented in English and Hispanic consented in Spanish) via Kruskal-Wallis Test.

Results: Enroliment opened in June 2018. To date, 129 families have consented and are included in
the analysis. Overall, the median was 1 attempt and the maximum was 7 with 12% enrolled with
more than 3 attempts. Time required to enroll participants ranged from 25 to 165 minutes with a
median of 60 minutes. Among this cohort, 57 (44%) are Hispanic including 23 (18%) consented in
Spanish. Among the 3 groups, the majority of participants were enrolled with 1 attempt
(52.9%-56.5%) and average consent times were 62-73 minutes. There was no difference in IC
attempts or time between the 3 groups (p=0.99 and p=0.16, respectively).

Conclusion: In a setting with provision of study materials in English and Spanish and native speakers
describing the study, there was no significant difference in the staffing requirements and parental
time commitment to complete enroliment into a complex cancer genomic study.
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Background: Family sharing of genetic test results improves the clinical and economic value of
genetic testing for cancer risk. However, relatively little is understood about the impact of result type
on sharing motivations and behavior. To learn more about these features of familial communication
we interviewed colorectal cancer and polyposis (CRCP) patients with positive, negative, or uncertain
results who reported either no sharing, or extensive sharing, with relatives. Methods: Patients
referred for genetic testing were enrolled in the New EXome Technology in Medicine (NEXT Medicine)
Study, a Clinical Sequencing Exploratory Research (CSER) consortium Randomized Controlled Trial
(RCT) that compared exome sequencing versus usual care for genetic evaluation for CRCP. We
interviewed 15 participants one month post-disclosure: 8 who reported no immediate sharing (2 with
negative results, 2 positive, 4 VUS) and 7 who reported sharing with 4 or more relatives (2 negative, 2
positive, 3 VUS). Interviews were designed to elicit attitudes toward results received, familial sharing
behavior, and relatives’ responses to result sharing. Interviews were audio-recorded, transcribed, and
subjected to a directed content analysis. Results: Interviewees described a variety of family
communication practices in response to receiving CRCP results. Those who regarded the information
received as useful, either because it explained personal or family history of disease or because it
suggested a lower than anticipated risk, appeared more willing and able to share results with their
relatives than those who remembered their results as inconclusive or unimportant. Close relatives
were informed more often than distant ones due to barriers such as infrequent contact,
estrangement, or ambiguity regarding responsibility for sharing results. Interviewees described
relatives responding differently to the genetic risk information received: some family members
expressed worry and became proactive in passing on the information to other relatives, while other
family members responded with skepticism or dismissed the information. Conclusions: Familial
communication of CRCP-related exome sequencing results was complex and dependent on individual
factors and relationships within families. In this study, the perceived utility of the test result was an
important determinant of how widely and in how much detail the result was shared with family
members.
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Introduction: National organizations recommend genetic counseling (GC) prior to testing for
hereditary cancer. Yet lack of trained genetic specialists limits the ability to meet the increasing
demand due to expanded test indications. GC could be streamlined with automated and scalable tools
to meet this demand. We sought to develop and test a web-based educational tool to cover pre-test
GC elements.

Methods: A 12-minute web-based educational tool (“GeneCounsel”) was iteratively developed to
cover the standard pre-test GC elements and tested among patients without prior counseling
scheduled for a new patient appointment in the Vanderbilt Hereditary Cancer Clinic. Participants
consented and completed pre- and post-tool surveys online before and after viewing the tool. The
surveys assessed knowledge, attitudinal values about genetic testing, informed/empowered decision-
making, and health literacy. Participants were randomly assigned to two groups, of which only Group
A completed knowledge questions on the pre-tool survey to evaluate for a priming effect. Pre- and
post-tool scores were compared, and group comparisons were made based on randomization and
literacy level.

Results: 122 patients were approached for the study to achieve a sample size of 100 participants (50
per group). Participants included 77% female, 56% with a cancer diagnosis, and a mean age of 49.
Group A completed the 14 knowledge questions on both the pre- and post-tool surveys, with a median
number correct of 7 at baseline which significantly increased to 12 after viewing the tool (p<0.001).
The median correct for Group B was 11 on the post-tool survey, which was not significantly different
from Group A (p=0.675). Pre- and post-tool surveys indicated: 1) Proportions who felt informed and
empowered were 32% and 77% respectively (p<0.001); and 2) Attitudinal values did not change
significantly (p=0.607). Median pre-tool knowledge scores among low and high literacy groups were 4
and 8, respectively (p=0.016); this gap narrowed to 11 and 12 after viewing GeneCounsel (p=0.214).

Conclusion: Viewing GeneCounsel resulted in significant gains in knowledge across all literacy levels
and the majority of individuals felt informed and empowered to make decisions about testing, based
on accurate knowledge and would be congruent with patients’ values. These findings support the
potential to automate components of pre-test GC to streamline the delivery of GC and testing services
for inherited cancers.
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Introduction: Meeting the demand for hereditary cancer genetic services is increasingly challenging
which has led to the development of novel service delivery models. To shorten the wait time for non-
urgent patients, we piloted a large scale group genetic counselling (GC) model that offered genetic
testing to unaffected individuals within a publicly funded population-based healthcare system.
Materials and Methods: All patients were recruited from the Hereditary Cancer Program in British
Columbia, Canada and were eligible to participate if they met provincial criteria for hereditary cancer
risk assessment, had no personal history of cancer, had no prior genetic testing performed in the
family, and had no living testable family member residing in BC or the Yukon. Pre-test group GC (up to
50 patients per group) was compared to traditional one-on-one GC. Patients who pursued testing
underwent a post-test one-on-one GC results session. Patient reported outcome measures included
the Genetic Counselling Outcome Scale (T1: immediately prior to pre-test GC and T2: 4 weeks after
post-test GC), a satisfaction survey (immediately after pre-test GC) and the Multidimensional Impact
of Cancer Risk Assessment (4 weeks after post-test GC) for those undergoing testing.

Results: To date, 392 patients have been seen (190 in the group arm and 202 in the traditional one-
on-one arm). Eight group sessions have been held (median group size: 26 patients). Patients in both
arms showed high satisfaction with the majority of patients reporting that the appointment was
helpful (98% group arm, 99% traditional arm), that they understood the information presented (99%
group arm, 99% traditional arm), and that their questions were answered (82% group arm, 99%
traditional arm). Of the 299 patients who have completed testing, 5.5% (N=16) had a pathogenic or
likely pathogenic variant identified including: BRCA1 (2), BRCAZ2 (2), monoallelic MUTYH (2), MLH1 (1),
MSH2 (1), MSH6 (1), PALB2 (1), MITF (1), FH (2), BRIP1 (1), NBN (1), and TSC1 (1). A small portion of
patients (7%) declined participation in the group session because they preferred one-on-one GC.
Conclusions: Large scale group genetic counselling is feasible and acceptable to patients, and
represents a new streamlined model for cancer genetic counselling.
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Genetics providers are facing increasing numbers of referrals for evaluation of hereditary cancer risk.
Providing detailed information about the indicators of hereditary risk, such as personal and family
cancer history, can facilitate timely patient triaging for appointments. We evaluated referrals to the
Kaiser Permanente Northwest (KPNW) genetics department containing diagnosis codes associated
with hereditary cancer risk made between June-December 2017. Referrals were excluded if the
patient was pregnant at the time of the referral or age < 17, or the referral did not contain personal
or family history diagnosis codes for cancers associated with hereditary risk. A genetic counselor
evaluated content in the medical chart, including age, notes, and diagnosis codes, to characterize
referrals based on two criteria. First, the genetic counselor coded the referrals on whether they
contained enough information to determine the patient's eligibility for hereditary cancer evaluation. If
there was enough information, the ACMG/NSGC practice guidelines were used to determine if patients
met criteria for genetic testing. Demographic and clinical characteristics were also abstracted. A total
of 1047 eligible referrals were included in the analysis for 927 unique patients. The majority of
patients who received a referral were female (93%), White (88%), and less than 50 years of age
(50%) at the time of the referral. Thirty-nine percent had a personal history of cancer. Of those, 26%
had hereditary breast or ovarian related cancer, 7% were associated with Lynch syndrome, and 6%
reported other cancer types. Referred patients had been KPNW members for an average of 14 years
(variance 13 years). Of eligible referrals, 68% contained enough information to determine whether or
not to offer genetic evaluation; of those, 63% referrals also met ACMG/NSGC criteria for genetic
counseling. Referring clinic location (metropolitan area versus outlying areas) did not affect the
amount of information provided. Referring provider specialty was associated with the amount of
information provided, with Oncology (68%) having the highest proportion of referrals with enough
information to assess whether to offer genetic counseling. Most patient referrals to KPNW genetics for
evaluation of hereditary cancer risk include enough information to determine eligibility for further
evaluation, however more than a third of referring providers would benefit from additional training or
support.
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Genetic medicine is an integral part of cancer care. The number of individuals who qualify for genetic
testing is increasing and the traditional model of pre- and post-test counseling provided by a genetic
counselor (GC) or geneticist in a dedicated cancer genetics clinic is struggling to meet growing
demands. Here we describe one institution’s experiences implementing non-traditional models of
cancer genetic service delivery.

Between 3/1/18 - 5/31/19, genetics services were integrated into 3 specialty clinics within the
University of Michigan Rogel Cancer Center as follows: (1) a nurse coordinator ordered genetic testing
on select patients in a multidisciplinary pancreatic (MDP) cancer clinic; (2) a GC staffed a
multidisciplinary colorectal (MDCRC) cancer clinic; and (3) a GC was embedded as part of the care
team in an endocrine oncology (EndoOnc) clinic. We queried the number of patients who received a
genetic evaluation in each setting and evaluated factors contributing to successful genetic service
delivery.

269 patients underwent genetic evaluation, including 40 in the MDP, 81 in MDCRC, and 126 in
EndoOnc. The EndoOnc model was the most successful in identifying patients for genetic evaluation
and in acceptance of a genetic counselor into the clinical team, in large part due to strong physician
support within the clinic. Barriers to service delivery were encountered when non-genetic providers
struggled to appropriately identify high risk individuals, particularly in cases where an individual’s
history might not meet traditional insurance guidelines but an evaluation was still indicated. This
occurred most commonly in the MDP clinic, where genetic evaluation criteria are complex and
multifaceted, and differences exist between guidelines for a genetic evaluation vs. insurance
guidelines for genetic testing.

In conclusion, integrating genetic services into multidisciplinary cancer care clinics can help meet
high demands for genetic services. Appointments can be more streamlined and eliminate the need for
extra clinic space, allowing a greater number of individuals to undergo a genetic evaluation than
would be possible utilizing only the traditional model of referring patients to cancer genetics. Non-
traditional service delivery models are more likely to be successful when there is physician-support,
the criteria for what constitutes high risk is clear, and when a genetic counselor is incorporated as an
established part of the multidisciplinary care team.
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Background. Increasingly, genetic results from research are being returned to participants. deCODE
Genetics, a genetic research company based in Iceland, has genotypic data from almost half of the
Icelandic population (160.000 Icelanders). Almost 1% of Icelanders carry a known pathogenic BRCA2
founder variant, NM_000059.3:c.767_771delCAAAT. In an effort to report an important actionable
result back to the population, deCODE genetics recently (May 2018) opened the website arfgerd.is to
enable Icelanders to find out their BRCA2 founder mutation status.

Methods. Positive individuals were advised to contact the genetic counseling unit (GCU) at
Landspitali-National University Hospital for confirmatory testing and counseling. Here we have
guantified some observations from this experience. We report a one year clinical experience of the
GCU from the opening of the webpage up until the end of May 2019. At the time, 46.000 individuals
had signed onto the website.

Results and discussion. A total of 352 (average age 44 years), had received a positive result by the
end of the period. Based on information from local support groups, we estimate that at least 40 of the
352 had received their results and genetic counseling prior to signing up. A total of 195 (63%) of the
remaining 312 had contacted the GCU by the end of May 2019. A total of 117 (37%) had not, without
there being a clear reason for their absence. Some may yet come, and others may seek information
and/or surveillance in other venues (through family, online or outside Iceland). In addition, 129
relatives contacted the GCU directly after receiving news of the pathogenic variant within the family.
Of the BRCAZ positive (n=195), 74 (38%) knew about the pathogenic variant in the family prior to
signing up to the website, while 121 (62%) did not. The majority were grateful for being able to
access this information. A subset reported being surprised to learn the results (46, 24%), while others
were expecting them (61, 31%). Some expressed their concerns with the positive results (45, 23%),
while others (24, 12%) communicated that they were not concerned. The increased need for
counseling and surveillance was significant, especially given the small size of the units involved at
Landspitali-National University Hospital. However, given the frequency of this founder variant in
Iceland, it offers a unique opportunity to study how to best deliver actionable genetic results to a
large subset of a single nation.
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Background: Measurement of patient-derived benefits from cancer genetics services (CGS) is
lacking but is essential to guide service evaluation and quality improvements. We measured
improvement in patient empowerment, if any, following genetic counselling in Singapore using a
culturally-adapted version of the Genetic Counselling Outcome Scale (GCOS-24); with the secondary
intention to identify and understand the factors associated with change in empowerment.

Methods: The GC0OS-24 was administered to 155 patients, who attended the CGS at the National
Cancer Centre Singapore (NCCS) (May 2016 - May 2017), at pre- and post-counselling or testing
stages. There were 106 patients who underwent genetic testing. Individual pre- and post-counselling
or testing responses were subjected to Rasch analysis; the scale was subsequently split into Cognitive
Control (CC) and Emotional Control (EC) domains. Associations of baseline characteristics with
changes in CC and EC scores were assessed using multiple regression analysis.

Results: Both CC and EC scores showed significant improvement following genetic counselling and
testing. While all items in the CC domain showed increases at follow-up, aspects of EC related to
alleviating feelings of being upset (p = 0.88) and hopelessness (p = 0.2) did not demonstrate
significant improvement. Having a family history of cancer was associated with less improvement in
CC (p = 0.035) while genetic testing uptake was associated with greater improvement in CC (p =
0.001).

Conclusions: We found significant improvements in empowerment following genetic counselling and
testing, demonstrating the value of cancer genetic services. Interventions addressing hope and
negative emotions associated with genetic conditions and testing may be warranted.
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Objectives: Recent guidelines recommend consideration of genetic testing (GT) for all patients with
pancreatic ductal adenocarcinoma (PDAC). We implemented a familial pancreatic cancer program to
offer expedited appointments (within 90 days of referral if non-urgent), flexible service models (in-
person, telephone and group counselling) and research-funded genetic testing using the 30 gene
Color panel for any referred PDAC patient. The aim of this study was to assess uptake of GT, identify
potential barriers and suggest areas for more efficient test coordination.

Methodology: Retrospective chart review was approved by the BC Cancer Research Ethics Board
and undertaken for all PDAC patients referred to the FPCP from June 1, 2016 to January 31, 2019.
Demographics, medical/family history, disease-specific data, mode of service delivery and testing
uptake were compared across the cohort to determine predictors of GT uptake. Main motivations for
attending the appointment were solicited by survey. Reasons for decline of testing were reviewed.
Results: A total of 311 patients were referred over the 2.5 year study period (55% female, 52%
European ancestry, mean age at diagnosis was 64 years (SD=11). Referrals came from oncologists
(71.7%), surgeons (7.7%), GP (7.1%), other (6.8%) and patient self-referral (6.4%). Disease stage was
metastatic in 42.8%. Median time from cancer diagnosis to genetics referral was 47 days (2-5809)
and from referral to appointment was 55.4 days (0-244). 79% (n=247) attended a genetic counselling
appointment and 63% (n=196) completed GT. Patients with earlier stage disease stage were more
likely to attend an appointment (p-value <0.05). Common reasons for not having an appointment
booked were deteriorating health status or death (n=31; DNA banked in 40%); patient declined
(n=27) and patient could not be reached (n=6). For patients who did not complete GT, 22 passively
declined by not providing a sample; 12 patients died within one month of their appointment and did
not complete GT; and 17 patients actively declined testing. Factors significantly associated with GT
uptake (p-value <0.05) were age at diagnosis, smoking history, geographic location and mode of
service delivery.

Conclusions: Given the sub-optimal uptake of genetic counselling/testing in PDAC, up front DNA
banking for PDAC patients at initial oncologic visit may be the most effective approach to facilitate
future hereditary cancer assessment for at-risk relatives.
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Introduction: The use of ACMG-AMP guidelines and semiquantitative approach to clinical variant
curation improved concordance and accuracy of variant classification. However, discordant variant
classification persists and poses a significant challenge for medical management. We evaluated
discordant variant interpretations resulting from clinical genetic testing for germline TP53variants in
families enrolled in the NCI's Li Fraumeni Syndrome (LFS) Study.

Methods: TP53 test results were obtained from >300 individuals enrolled in the NCI IRB-approved
LFS study between Sept 2011 and Feb 2019. A discordant test result was defined as a report of
pathogenicity that differed between two clinical testing laboratories, between a testing laboratory and
the ClinVar database, or between the lab or ClinVar database and the final variant classification
provided by our study after review.

Results: 86 unique variants were identified in 143 LFS families. 54/143 (38%) were discordant by at
least one interpretation (i.e., Pathogenic/Likely Pathogenic (P/LP), or LP/Variant of Uncertain
Significance (VUS), or P/VUS). 14 variants in 16 families (11%) had discordant interpretations that
would lead to a difference in medical management (P or LP vs. VUS). Interfamilial discordance - i.e.,
unrelated families sharing the same variant but given discrepant variant classifications, was observed
in 4 families (2 different variants). Intra-familial discordance was observed in 6 families, with family
members carrying the same variant but receiving discordant interpretations.

Conclusions: Discordant variant interpretations are frequent and may lead to differences in medical
management. Inter- and intra-familial TP53 variant discordance results in a significant ethical medical
challenge for clinicians of how to follow individuals with an identical variant receiving discordant
variant interpretations and thus different recommendations for medical management. In the case of a
TP53 P/LP variant vs. VUS; there is a substantial difference between getting comprehensive cancer
screening and potential prophylactic surgeries vs. no clinical follow-up. The scope of this problem may
not be fully appreciated by providers who use only one or two genetic testing laboratories or who are
unaware of discordant calls for a given variant. Centralized data sharing of genetic variants and
creation of variant curation consensus guidelines are crucial for unified variant interpretation and
optimal patient care.
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Introduction: Identification of inherited breast cancer risk through genetic testing may guide
medical care. Given the expanding numbers of women identified with a pathogenic/likely pathogenic
(P/LP) variant in genes other than BRCA1 and BRCA2 (BRCA), we sought to compare cancer risk
management(CRM) practices between these carriers.

Methods: Female participants with a P/LP variant in BRCA, PALB2, CHEK2, or ATM were surveyed
about CRM practices. Frequencies of CRM based on screening (i.e., mammograms and/or breast MRI,
among those with at-risk breast tissue) and risk-reducing surgery (i.e., risk-reducing mastectomy
(RRM) and risk-reducing salpingo-oophorectomy (RRSO)) were compiled and compared. Descriptive
statistics, bivariate analyses, and non-parametric tests were performed to assess for associations.
Results: The 238 participants with P/LP variants were as follows: 186 BRCA, 28 PALB2, 15 CHEK?Z,
and 9 ATM. Median age of participants was 54 and most were non-Hispanic white (89%) with a prior
cancer diagnosis (59%). Rates of RRM (defined as at least one breast removed prophylactically
regardless of a prior breast cancer diagnosis) was 65.1% among BRCA carriers, with lower rates
among PALB2, CHEK2, and ATM carriers (32.1%, 33.3%, and 33.3%, respectively). Rates of RRSO
were appropriately higher among BRCA carriers (89.8%), but were also relatively common among
PALB2, CHEK2, and ATM carriers (32.1%, 33.3%, and 66.7%). Among those with at-risk breast tissue,
most had screening for breast cancer through mammogram and/or MRI. No significant differences
were found between BRCA carriers vs. others in terms of insurance, employment, income, house size,
education, race/ethnicity, cancer status, and/or involvement of a genetic healthcare provider (all
p>0.05).

Conclusion: Our results suggest that adherence to CRM for BRCA carriers is appropriately high.
However, RRM among those with PALB2, CHEK2, and ATM P/LP variants are also frequently observed,
despite the lack of practice guidelines to recommend RRM. Even more concerning are the appreciable
RRSO rates in the absence of practice guidelines or data to confirm high ovarian cancer risk. Our data
suggests that many patients with P/LP variants in genes other than BRCA receive surgeries for which
guidelines are lacking. These efforts highlight the tremendous need to promote risk appropriate care
and reduce over-treatment among these individuals.
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Background: Genomic sequencing (GS) can inform diagnosis and management of hereditary
conditions, such as hereditary cancer syndromes, and can also identify genetic predisposition for
additional diseases (secondary findings or incidental results, IR). There is substantial uncertainty
about when or if diseases associated with IR will occur, as well as if and how IR should be sought,
reported, and managed. Patients may therefore experience uncertainty when making decisions about
learning IR.

Aim: To explore how adults with cancer perceive, appraise and manage uncertainty when deciding
whether or not to learn IR.

Methods: This was a qualitative, interpretive description study among adults receiving GS through
an ongoing RCT. Participants selected IR from five categories: 1) medically actionable diseases, 2)
common disease SNPs, 3) rare Mendelian diseases, 4) early-onset neurological diseases, and 5)
carrier status. Semi-structured interviews were conducted with participants after selecting but before
receiving IR. Transcripts were analyzed thematically using constant comparison.

Results: Fifteen participants were interviewed (12/15 women, on average 56 years old). All
participants chose multiple categories of IR; 9/15 chose all IR. Participants’ uncertainty related to their
cancer (e.g. uncertainty about why they had cancer, their prognosis, family members’ risks) was
pervasive, “a grey cloud hanging over my head.” Experiences with cancer uncertainty helped
participants accept uncertainty related to IR (e.g. that results are “not 100%"” or “nebulous”), despite
generally disliking uncertainty. Participants viewed IR as valuable information, even though the
information could be uncertain. Cancer experiences heightened the perceived value of learning IR, as
IR may allow them to prepare for or prevent other diseases. Participants were fairly confident in their



ability to “deal with” IR-related uncertainty, in part because of their experiences managing cancer-
related uncertainty. Participants anticipated managing IR-related uncertainty in a variety of ways,
such as through information seeking, support from healthcare providers, or trying not to focus on
uncertainty.

Conclusions: Cancer experiences fostered participants’ tolerance of uncertainty related to IR, and
heightened the perceived value of IR. Genetic counseling for IR could involve exploration of patients'
attitudes toward uncertainty, and consideration of how illness experience may shape expectations for
IR.
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The purpose of this paper is to review the impact of the current policy change on cancer genomics in
Japan. In 2017, the Ministry of Health, Labour and Welfare (MHLW) convened a Roundtable
Consortium on the Promotion of Cancer Genomic Medicine. In addition to providing Japanese citizens
with early access to the world's leading-edge cancer genomic medicines under the national health
insurance system, the consortium clarified ownership of the constructed framework as an asset of
Japanese citizens and set directions for the functions and roles of medical institutions providing
cancer genomic medicine, and institutions that aggregate, manage and promote the use of cancer
genomic medicine (Report, June 27, 2017). In February 2018, the Japanese government designated 11
hospitals throughout Japan to serve as core hospitals for cancer genomic medicine. The government
also appointed 156 facilities as liaison hospitals to work with the core hospitals. The MHLW approved
the marketing of two cancer genome profiling systems in December 2018 - OncoGuide™ developed
by the National Cancer Center of Japan and health instrument-maker Sysmex Corp., and
FoundationOne® CDx sold by Chugai Pharmaceutical Co. The MHLW decided that these tests would
be covered by the public health insurance system after June 2019. While the fee for these products
would be ¥560,000 (USD 5,100), patients will have to pay 10 to 30 percent of the total fees. The
MHLW will also ask the hospitals to submit the anonymized data of the genomic profiling to the
Cancer Genome Information Repository, after obtaining patients’ consent. The accumulated
information is expected to be utilized for the development of new treatments. Insurance coverage will
be applied to patients with solid tumor who have not responded to conventional therapy, which is
expected that up to 26,000 people will use annually. The secondary findings of hereditary cancers will
be disclosed to patients who gave consent to know. However, we have no law to regulate genetic
discrimination. The Life Insurance Association has been considering the guidelines about notification
when making an insurance contract. Furthermore, we have no roundtable to discuss employment
issues. It is an urgent issue to respond toward concerns about genetic discrimination.
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Primary care physicians (PCPs) are in a unique position to present pre-emptive genetic testing to
patients, yet little is known about the service delivery and outcomes in this setting. To assess interest,
system feasibility, and patient outcomes, as part of a learning health care system initiative,
complimentary hereditary cancer genetic testing (30-gene next generation sequencing-based panel)
was offered through 4 primary care sites during a patient’s annual exam. Of the patients who read the
test offer message in their healthcare portal prior to their appointment, 39% agreed to undergo
testing through their PCP. A total of 1006 patients had testing in November and December of 2018.
Systematic chart review and descriptive data analysis revealed that patients who had testing were
primarily non-Hispanic (95.5%), Caucasian (64.5%), and female (67.2%), with ages ranging from
18-78 (median age 49). Ninety-two pathogenic variants were identified in 90 (9.1%) patients, in 16
genes: MUTYH, CHEK2, APC, BRCA2, BRCA1, ATM, BARD1, MITF, BRIP1, NBN, PALB2, PMS2, RAD51C,
MSH6, CDH1, and CDKNZ2A. Of the 90 positive patients, 38 (42%) received 41 referrals to specialty
clinics; 21 (51%) completed their referrals as of May 2019. Eighteen (20%) had 1 or more cancer
screening tests recommended (32 tests), and 14 (78%) completed at least one screening test. One
case of occult disease was detected on mammogram in a BRCA1 positive patient. To elicit patient
feedback, a focus group was conducted. This subset of patients reported satisfaction with the cancer
genetic testing through their PCP, benefits from learning both positive and negative results, practice
workflow issues, and a need for more pre- and -post test education. The study data has informed
service delivery improvements in a subsequent larger pre-emptive genetic testing program in primary
care: a coordinated care center has been initiated to assist in patient follow through with medical
referrals and recommendations; additional multi-modal educational resources are provided to
patients and PCPs at various points throughout the testing process; a PCP advisory group was
developed to provide programmatic input; and mechanisms were created to provide continual clinical
and operational feedback to providers. Our findings highlight the importance of early systematic
appraisal and opportunity for changes throughout the pre-emptive genetic testing process to improve
service delivery and patient care.
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Background: In order to develop and evaluate a feasible approach to population-based genetic
screening, the BRCA Founder Outreach (BFOR) study offers online education, study enroliment, and
consent to BRCA1/2 founder mutation testing to individuals of Ashkenazi Jewish descent in 4 US cities.
Participants then visit a local lab facility to have blood drawn for no-cost BRCA1/2 testing, with results
review and management by their primary care providers or genetics specialists. To better understand
testing barriers, we sought to determine what characteristics distinguish those individuals enrolling in
the study who ultimately complete genetic testing from those who do not.

Method: During online study enrollment (Bforstudy.com), participants answered survey items about
demographic (gender, age, location, parental status), medical (has a primary care provider, personal
cancer history, family cancer history, known familial BRCA1/2 mutation, personal genetic testing
experience), and psychological (perceived cancer risk, cancer-specific distress, general anxiety,
knowledge about BRCA1/2 testing) characteristics. Data were collected on whether each participant
did or did not obtain BRCA1/2 testing by up to 6 months after enroliment. We conducted univariate
analyses followed by multivariable logistic regression to evaluate which characteristics were
associated with BRCA1/2 test completion.

Results: From March 2018 through November 2018, 2363 participants enrolled in the BFOR study
(79% female; 6.7% <30 years old, 40.6% 30-50 years, 52.6% >50 years; 12.2% personal cancer
history). Of these, 2085 (88.2%) had blood drawn and completed BRCA1/2 testing, while 278 (11.8%)
did not obtain testing within 6 months of enrollment. In multivariable regression, factors associated
with greater odds of test completion included having a personal cancer history (OR=2.73,
95%Cl=1.57-4.74) and having children (OR=1.42, 95%CIl=1.09-1.87). No other demographic, medical,
or psychological factors were significantly associated with test completion.

Conclusion: A minority of those enrolling in a population screening study ultimately decide against
BRCA1/2 genetic testing. Limited demographic and medical variables are associated with completing
genetic testing in this context. Novel strategies may be needed to better engage individuals without



the motivators of a personal cancer history or potentially at-risk children. Ongoing data collection and
a second study phase will address these issues.
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Background: Lynch syndrome (LS) and hereditary breast and ovarian cancer (HBOC) are the two most
common hereditary cancer syndromes. While more patients are accessing genetic testing than ever
before, rates of testing for and diagnosis of LS and HBOC remain low, and patients who are
racial/ethnic minorities and/or low-SES (hereafter referred to as underserved) are even less likely to
have access to this testing. The Cancer Health Assessments Reaching Many (CHARM) study, part of
the Clinical Sequencing Evidence-generating Research (CSER) consortium funded by NHGRI, is
studying methods to increase access to genetic testing for hereditary cancer syndromes in primary
care for underserved patients.

Methods: English and Spanish speaking patients at Kaiser Permanente Northwest, an integrated
delivery system in Portland, OR, and Denver Health, an integrated federally qualified health system in
Denver, CO, are contacted via email, text message, postcard, and/or phone calls to complete an
online cancer family history risk assessment. Those that screen at higher risk or have limited family
history knowledge are offered clinical exome sequencing for 39 genes related to hereditary cancer
risk and 92 genes related to medically actionable or carrier findings. Participants receive post-test
genetic counseling.

Results: To date, we have invited ~6500 patients (56% underserved) to complete the risk
assessment; 12% of underserved and 9% of non-underserved completed it. Among patients who
completed the risk assessment, 82% underserved and 74% non-underserved were eligible. A similar
percentage of underserved and non-underserved joined the study (80% vs.79%). In total, 67% of 402
participants are underserved - 31% racial or ethnic minority, 40% low-SES, and 29% meet both of
those criteria. Of the first 220 results reported, 16% had a positive cancer finding, 1% had a positive
non-cancer medically actionable secondary finding and 16% had a carrier status finding.

Conclusion: At every step in the process, we have been successful at recruiting and enrolling
underserved patients. The implementation of an online family history tool in the primary care setting



may be an effective and scalable approach to increase access to genetic testing for underserved
populations.
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Introduction: Lynch syndrome and hereditary breast and ovarian cancer are the most common
hereditary cancer syndromes (HCS); each confers increased risk of multiple types of cancer. Selective
screening to identify patients at risk for HCS prior to cancer onset requires in-depth family health
history, which is often not collected, contains insufficient detail, or is not acted on by providers - these
barriers disproportionately affect underserved populations. To address this care gap, we created a
low-literacy, patient-facing HCS risk assessment tool.

Methods: We adapted two validated risk assessment algorithms - the Breast Cancer Genetics Referral
Screening Tool (B-RST™ 3.0) and Prediction Model for gene Mutations (PREMM,), and developed a
unique family knowledge screening module. Working iteratively with experts and patient
stakeholders, we combined these three assessments into a low-literacy interactive electronic
application. We recruited patients of two large health care systems to complete the tool; interactions
with the tool were tracked and evaluated.

Results: We made two major modifications to the PREMM;: asking patients to complete family history,
rather than to select an affected side, and reducing complex terms and computation (e.g. “first
degree relatives”). B-RST™ 3.0 was adapted to present questions individually rather than in a table, to
reduce graphicacy and numeracy demands. The entire tool includes pop-up literacy aids such as
infographics and definitions.

A total of 688 individuals began the tool; 55% met study criteria for underserved populations
(racial/ethnic minority and/or low SES). Only 6% of individuals (26% underserved) who began the tool
did not complete it. Most (86%) incomplete interactions lasted under 5 minutes. Most people
completed the tool without assistance (93%) spending a mean of 4.2 minutes (range: 0.4-53) doing
so. Time spent was similar between underserved individuals (mean: 4.0 min, range: 0.4-24.1) and
those who were not underserved (mean: 4.4 min; range: 0.4-53). Completion times for PREMM;, B-
RST™, and the limited history assessment modules were 2.4 minutes (range: 0.3-49), 1.7 minutes
(range: 0.4-39), and 1.5 minutes (range: 0.4-8.6), respectively.

Conclusions: Most patients quickly self-completed this risk assessment for HCS. Using a patient-facing



tool ensures standardized assessment and provides clear 'results' (high/low risk), which may facilitate
appropriate referrals for genetics services.
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Genetic testing through multi-gene cancer panels is widely available and has become an integral part
of the genetic counselling and oncologic practice that is used to inform clinical management options.
RAD51C and RAD51D are included on most cancer panels due the reported associations of predicted
pathogenic variants (PPVs) in these genes with ovarian cancer. However, the available ovarian cancer
relative risk (RR) estimates vary widely, are imprecise and the associations of RAD51C/D PPVs with
breast cancer risk remain uncertain.

We used pooled data on 154 families with PPVs in RAD51C and 65 families with PPVs in RAD51D,
ascertained through gene sequencing in 29 population- and family-based studies. Complex
segregation analysis was used to estimate age-specific RRs and absolute risks of ovarian and breast
cancer. We fitted genetic models to the cancer inheritance patterns in families, while adjusting for the
mode of ascertainment for each family. The models allowed for the residual familial aggregation of
both ovarian and breast cancer.

PPVs in both RAD51C and RAD51D were associated with ovarian cancer (RAD51C RR=8.29, 95% ClI:
6.17-11.14, p=1.2x10"; RAD51D RR=8.17, 95% Cl: 6.00-11.12, p=1.2x10™*) and breast cancer
(RAD51C RR=1.99, 95% Cl: 1.39-2.85, p=1.9x10*; RAD51D RR=1.93, 95% CI: 1.30-2.86,
p=1.0x107). There was evidence that the ovarian cancer RRs were higher at ages 50 years or older
for both RAD51C (RR=10.69, 95% Cl: 7.55-15.14 for ages 50 or over versus RR=5.10, 95% Cl:
2.83-9.20 for ages under 50) and RAD51D carriers (RR=11.52, 95% CI: 8.11-16.36 for ages 50 or over
versus RR=3.45, 95% CI: 1.47-8.11 for ages under 50). There was a suggestion for higher breast
cancer RRs at younger ages for both RAD51C and RAD51D PPV carriers, but these models did not fit
significantly better than models with a constant RR. There was significant evidence that both ovarian
and breast cancer risks for RAD51C/D PPV carriers vary by family history of the diseases. The
estimated absolute risks of developing ovarian cancer by 80, based on the age-specific RR models,
were 15% (95% CI: 11-21%) for RAD51C and 16% (95%Cl: 12-22%) for RAD51D PPV carriers. The
corresponding breast cancer risk was 21% (95% Cl: 15-29%) for RAD51C and 20% (95%CI: 14-29%)
for RAD51D PPV carriers.

These estimates will facilitate the genetic counselling of RAD51C and RAD51D PPV carriers and will
inform the incorporation of RAD51C and RAD51D into cancer risk prediction models.
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Face2Gene (F2G) is a phenotyping application that uses facial analysis and a deep-learning network
to identify patterns across hundreds of conditions to aid in diagnosis of genetic disease. From data
extrapolated from facial photograph measurements and clinical features, F2G suggests differential
genetic diagnoses. F2G has demonstrated most significant utility in syndromic, often pediatric,
conditions with known or suspected dysmorphic gestalts. To our knowledge, F2G use in adult,
primarily non-syndromic cardiovascular (CV) disease has not been published. The Ohio State
University (OSU) CV genetics program has implemented F2G into clinical care in two outpatient clinics
staffed by genetic counselors (GCs) and cardiologists. Of 331 patients seen over 17 months, 208
(63%) provided consent. Nine probands also had family members participate (N=13), therefore 94%
of participants are unrelated. Photographs were obtained and securely stored in the F2G iPad app as a
part of clinical workflow. Age, height, weight, ancestry and phenotypic features were collected by GCs
and uploaded to F2G by a student assistant including: cardiomyopathy (CM) (40%), arrhythmia (13%),
dyslipidemia (13%), aortopathies (8%), valve and vascular disease (5%), muscular and/or skeletal
abnormalities (4%), other CV disease (12%), and other various features (5%). Of those with CM
(N=153), 39% have hypertrophic CM, 33% have dilated CM, 9% have other CMs, and 19% have CM-
related features. Due to limited sample size, statistical comparisons of gestalts for individual
phenotypes were uninformative. CV genetic testing panels ordered often include some genes with
syndromic associations. When variants are identified in syndromic genes, F2G is consulted. In
addition, F2G suggested additional diagnoses in some cases that supported referral to additional
genetics clinics. Based on 63% of patients opting to consent for the use of F2G, our experience
supports the feasibility of F2G implementation in a largely adult, non-syndromic, CV genetic clinic
setting. Further, associating genotype data with CV phenotypes and F2G photograph analysis has the
potential to define previously undescribed gestalts, identify subclinical phenotypes, and serve as an
interpretation tool in assessment of genetic variants. As the F2G system matures and additional CV
phenotypes are collected within the F2G database, opportunities to conduct additional research and
broaden the scope of F2G in new disease categories will present.
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Introduction: Cardiomyopathy is common cause of cardiac death that is categorized to different
types including HCM, DCM, LVNC and RCM. Over 20 genes detected to cause HCM; most of them are
responsible to code sarcomeric proteins. More than 40 genes encoding cytoskeletal sarcomeric
proteins, Z-disc have been described to cause familial DCM. The genetics of RCM is similar to HCM
and sometimes this overlapping cause mixed HCM/DCM phenotype. Here, we study TNNI3 mutations
among lIranian patients with cardiomyopathy.

Materials and Methods: Total number of 30 patients affected with HCM, DCM and RCM were
recruited in this study. Clinical data and EKG information were documented. All exons and introns of
TNNI3 gene were amplified and sequenced. Insilico analyses were applied for detection of novel
variants.

Results: From the total number of 30, 13 patients were selected with dilated cardiomyopathy, 13
hypertrophic cardiomyopathies and 4 restrictive cardiomyopathies. After insilico analysis, two
pathogenic variants were observed. Both were categorized as disease causing in Mutation taster (Free
web-based application) and CADD score were calculated 38 and 12.60(CADD mutation version 1.4).
Discussion: TNNI3 gene has been examined for the first time in a group of Iranian population in this
study. Based on the Obtained information, TNNI3 probably plays an important role in the incidence of
cardiomyopathy. Few patients were recruited in this study; therefore, it is suggested that this study
may be carry out on large populations.
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Objective: Health technology assessment calls for careful consideration of patient and societal
values. In the context of genetic testing, existing research has demonstrated that personal and
societal values influence how individuals and families orient and respond to tests on offer. Data that
reflect on these values in the context of whole genome sequencing (WGS) and secondary variants
(SVs) are only beginning to emerge. The objective of this study is to understand how personal,
familial, and societal factors influence parents’ decision to pursue WGS for their child.

Methods: Embedded in the Ted Rogers’ Cardiac Genome Clinic (CGC) at the Hospital for Sick
Children (Toronto, ON), parents of children with congenital heart disease who are offered WGS were
eligible to participate. Prior to the receipt of WGS results, telephone-based semi-structured interviews
explored personal, familial, and societal factors that influenced parents’ decisions regarding WGS and
the receipt of secondary variants. Interviews are audio-recorded and transcribed verbatim. Guided by
the PEN-3 model that orients to the concept of culture in a multi-dimensional way, deductive and
inductive coding identified core themes.

Results: We conducted 20 interviews with parents who were predominately healthy, English-
speaking mothers of children with congenital heart defects or cardiomyopathies. During decision-
making, parents value control and see primary and secondary variants as means to achieve control
over their family’s health and psychosocial aspects of their child’s cardiac status. Parents’ interest in
WGS variants appears to be driven by their sense of responsibility to their child and their family. They
express a moral obligation to seek out this information, no matter the emotional burden. For some,
decisions to receive medically actionable secondary variants were value-laden and deliberated, while
for others, decisions appeared to be value-neutral and somewhat automatic.

Conclusion: Findings from this study shed light on the acceptability of the technology from parents’
perspectives and may inform education and counseling strategies.
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Background: It is crucial to assess stroke literacy as well as practices related to genetic testing for
stroke among Africans in preparation for the ethical, legal and societal implications of the genetic
revolution which has begun in Africa.

Objective: To assess the knowledge and practices of West Africans about stroke and genetic testing.

Methods: A comparative cross-sectional study was conducted among stroke patients and stroke-free
controls recruited across 15 sites in Ghana and Nigeria under the SIREN study. Participants’
knowledge of heritability of stroke, willingness to undergo genetic testing and methods of disclosing
genetic test results were assessed using interviewer-administered questionnaire. Descriptive,
frequency distribution and multiple regression analyses were performed.

Results: Only 49% of 2,029 stroke patients and 57% of 2,603 stroke-free individuals knew that stroke
was a heritable disorder. Among those who knew, 90% were willing to undergo genetic testing.
Knowledge of stroke heritability was associated with having at least post-secondary education (OR
1.51, 1.25-1.81) and a family history of stroke (OR 1.20, 1.03-1.39) while Islamic religion (OR=0.82,
Cl: 0.72-0.94), being currently unmarried (OR =0.81, ClI: 0.70-0.92), and alcohol use (OR =0.78, ClI:
0.67-0.91) were associated with lower odds of awareness of stroke as a heritable disorder. Willingness
to undergo genetic testing for stroke was greater among respondents aged >45 years (78%) and
married (73%) and was associated with having a family history of stroke (OR 1.34, 1.03-1.74) but
inversely associated with a medical history of high blood pressure (OR =0.79, 0.65-0.96). Only (40%,
17% & 14%) of stroke patients and (60%, 12% & 2.4%) of stroke-free individuals prefer to have their
genetic test results disclosed to them in person, through telephone call and in the presence or
through a family member respectively. Disclosure of genetic test results was significant (Fishers
test<0.001) with age, educational and marital status of respondents.

Conclusion: Findings from the study shows that knowledge of stroke as a heritable disorder is sub-
optimal. To further improve stroke knowledge, willingness to embrace genetic testing for and



prevention of stroke, there is need to target not just individuals with less formal education, history of
high blood pressure, no family history of stroke but the wider population with contextually-driven,
culturally-sensitive interventions.
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Purpose

Genomic screening can identify genetic risk factors in asymptomatic individuals, but few studies have
projected whether the health benefits justify the financial costs and harms. We developed a
simulation model to project the impact of genomic screening for conditions such as hypertrophic
cardiomyopathy (HCM), where identification of disease-causing variants may inform screening and
lifestyle recommendations and reduce sudden cardiac deaths. Here, we summarize preliminary model
estimates of the number of newborns that would be identified with HCM variants and the associated
penetrance through age 20.

Methods

The Precision Medicine Policy and Treatment (PreEMPT) Model is a simulation model of population-
based newborn genomic screening. The model integrates data from various sources to inform model
inputs, including disease incidence, pathologic variant frequencies, and the proportion of affected
individuals with pathogenic variants. Outputs include cumulative disease incidence and penetrance.
We targeted genes associated with HCM based on gene-disease associations classified as definitive
by a ClinGen Gene Curation Expert Panel. Variants were included if they were classified as likely
pathogenic or pathogenic in ClinVar with a 2-star rating.

Results

In a simulated cohort of 4 million newborns representative of an annual US birth cohort, we estimated
that screening would identify 6,787 (95%UIl: 6,197-7,296) newborns with genetic risk factors for HCM,
and that 93 (95%Ul: 56-164) of them would develop HCM by age 20 (estimated penetrance=1.4%,
95%Ul: 0.9%-2.2%). Ongoing work incorporates benefits and risks that include early detection of
disease, use of implantable cardioverter defibrillators, and reductions in sudden cardiac death.
Sensitivity analyses will consider the impact of different reporting criteria and the likelihood that
future applications may incorporate a greater number of genes and variants.

Conclusion

The PreEMPT Model provides an innovative example of a model that simulates the impact of newborn
genomic sequencing. Challenges in developing the model included deciding which genes and variants
to target, estimating penetrance, and deciding what benefits and harms to include. Future results
from the PreEMPT Model will provide insight about the cost-effectiveness of newborn genomic



screening not only for HCM alone, but in combination with newborn genomic screening for pediatric
cancers, long QT syndrome, and other childhood-onset conditions.
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HMI-100-001 is a retrospective chart review of patients with a diagnosis of PKU due to Phenylalanine
hydroxylase (PAH) deficiency using records spanning a 5-year period ending in November 2017 to
capture real-world data associated with managing PKU under current standard of care.

PAH deficiency is an inborn error of metabolism due to mutations in the PAH gene, resulting in
phenylketonuria (PKU). The mutations lead to absent or deficient PAH enzyme which converts Phe to
tyrosine (Tyr), a precursor to multiple biologically important downstream neurotransmitters.
Phenotypes range from mild HPA (Phe 120-360 umol/L) to classical PKU (Phe over 1200 umol/L). With
the advent of newborn screening in 1963, managing the disease by low Phe diet in infants before
clinical symptoms appear became the standard of care. Untreated PKU in children results in
progressive irreversible neurological impairment. Current treatments do not address the underlying
genetic defect.

The study was conducted at two U.S. clinics, a total of 152 patients (10-40 years old) were enrolled
(65.8% with classical PKU). Data were collected from electronic medical records from baseline to -5
years (+/- 3 months) and characterized demographics, medical history, treatments and blood Phe.
The number of patients with consecutive lab values decreased as the Phe threshold was lowered (Phe
below 600, 360, 120 and 30 umol/L). The data demonstrated decreased Phe control with age; mean
Phexstandard error for patients 10-18 and over 18-40 was 456.8+27.0 and 694.7+36.7 umol/L
respectively. 62.5% of patients were reported as having a history of at least one neuropsychiatric
comorbidity, and adults were more likely than adolescents (69.5% vs. 54.3%). 90 of 98 PAH
genotypes collected were distinct mutations; the 6 null-null genotypes were associated with classical
PKU. Despite use of protein restriction, Phe concentrations over 360 umol/L were observed,
particularly in classical PKU patients. Overall the demographics and clinical data were consistent
across both sites.

These real-world data show that Phe levels were elevated, even when patients were on a Phe-
restricted diet, and mostly above 360 umol/L (considered well-controlled based on current
U.S.treatment guidelines). There remains an unmet need for therapies to control Phe concentrations
without a Phe-restricted diet. As an autosomal recessive, monogenic defect, PKU due to PAH
deficiency is a suitable condition for potential AAV-based gene therapy.



n= B4
PgmNr 658: A familial investigation of recurrent

Osteogenesis Imperfecta (Ol) over three decades.

Authors:
C. Bascunana "% D. Rosenblatt }; F. Rauch '; P. Moffatt *; F. H. Glorieux *

IView Session| |Add to Schedule]

Affiliations:
1) McGill Department of Human Genetics, Montréal, QC, Canada; 2) Ovo Clinic, Montréal, QC, Canada

Ol is a spectrum of bone genetic condition with variable severity. Before the advances of genomic,
diagnostic was made via imaging and clinical examination. Then, biochemical analyses allowed
further characterisation of physiopathology using protein electrophoresis. Today, Ol is known to be
genetically heterogeneous and is diagnosed by molecular sequencing. Although its inheritance is
mainly autosomal dominant de novo, some autosomal recessive inheritance has been described, and
recurrent diagnoses of autosomal dominant Ol has been reported as well via the mechanism of
germline mosaicism.

We present a case of recurrence of a lethal form of Ol in siblings where 3 successive pregnancies
were affected between 1977 and 1982. The first affected pregnancy was misdiagnosed as
phocomelia, and low recurrence risk was given. The second pregnancy was properly diagnosed as
affected with Ol thanks to radiography imaging. The third affected pregnancy displayed abnormal
skeletal ultrasonographic findings and the couple took the decision to have termination of the
pregnancy. Autosomal recessive inheritance was mentioned to the couple, with a 25% recurrence
risk. In 2017, a non-affected daughter of this couple is seen in Prenatal Genetics for her first
pregnancy for which she would like be reassured regarding the risk of Ol. In the medical chart of her
mother, we discovered a result of biochemical analysis from 1986 using parental fibroblast and a
sample from amniocentesis performed on the last affected pregnancy, leaning toward an autosomal
dominant form of the condition from the electrophoresis pattern obtained. Surprisingly, a sample of
DNA from the last affected pregnancy was stored since 1982. We wanted to be able to identify the
causal mutation of recurrence of Ol in this family, in order to offer proper genetic counselling to our
patient. The foetal sample from 1982, sent for a molecular panel of genes associated to Ol, revealed
the heterozygous pathogenic novel mutation COL1A1 (c.2336G>A).

This result confirmed the diagnostic of Ol in its dominant form, and validated the explanation of
germline mosaicism as the more likely to cause the familial recurrence. Thanks to the rise of genomic
technologies, and the storage of biological material for more than 30 years, we resolved the
uncertainty of a mother with a delicate reproductive past while reassuring her daughter, whom the
recurrence risk of Ol for all her pregnancies would be similar to general population.
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Background: In Africa, health practitioners and the public’s current knowledge of genetics and
genomics is still very low and yet this has potential to reduce the burden of common genetic diseases.
Many initiatives have promoted genomic research, infrastructure, and capacity building in Africa. Now
building on the critical mass of genomics achievements and collaborative projects already furnished
on the continent through the H3Africa Initiative, African scientists are poised to move these initiatives
to the next level while ensuring long-term sustainability by lobbying for funds from their governments
and beyond. What remains to be done is to improve genomics literacy among populations and
communities while utilizing an array of strategies. Genomic literacy and awareness are key in the
formulating genomics related policies, genomics research and more importantly in the management
of genetic diseases which includes diagnosis, prevention of complications and therapy. Africa is
characterized by great cultural and language diversity thereby requiring a multidisciplinary approach
to improving public and community genomic literacy and engagement. However, this is further
complicated by having the fact that sub-Saharan Africa is comprised of countries with the lowest
literacy rates in the world.

Methods: We applied the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines to review genomic literacy in Africa using PubMed database.

Results: We found very limited evidence of genomic literacy for genetic diseases in Africa.

Conclusion: We propose a number of approaches that if embraced will significantly increase the
genomic literacy and reduce the burden of genetic diseases in Africa namely; genomic counselling,
revision of medical curricula, introduce genetics & genomics new graduate programs, genomics
workshops & fellowships for healthcare workers, and community outreach programs delivered
through a wide range of platforms.
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Purpose
The aim of this study is to investigate genetic cause of developmental delay or behavior problems of
residents of orphanage.

Methods

Total 12 patients were referred to genetic counseling department of Konyang University Hospital from
Korean orphanage facilities due to unexplained developmental delay or behavior problem (autism
spectrum disorder (ASD) or violence) at between July 2017 and May 2019.

Results

Mean age was 13.8 £ 5.7 yrs (3-24 aged). Six patients were males. Six patients were females. All
patients underwent chromosomal microarray (CMA). Seven patients had no abnormality in CMA.
Seven variants from five patients were detected. Five variants were classified as benign CNV. Two
pathogenic variants from two patients were 19p13.3 duplication and 16p14.11 duplication.

Five of twelve patients were undertaken clinical exome sequencing (CES). Five variants from four
patients were detected. One patient has no abnormality. Two variants were likely pathogenic variants.
Three variants were variants of unknown significance (VUS). We could not co-segregation analysis
because parents were not available for testing. Considering patients phenotype, we concluded that
following gene variants were possible cause of their problems. Gene variant that founded are as
follows: NPHP4, CD96 gene mutation (Nephronophthisis type 4, Opitz-Trigonocephaly syndrome),
DNMT1 gene mutation (Autosomal dominant cerebellar ataxia, deafness, and narcolepsy), SRCAP
gene mutation (Floating-harbor syndrome), RANBP gene mutation (Infection-induced encephalopathy
3).

Six patients among twelve patients were non-diagnostic.

Conclusion

Total twelve patients with developmental delay and behavior problem including ASD were referred
from the orphanage and was investigated for further diagnosis with CMA and CES. Diagnostic yield
rate was 50% (six of total twelve patients). Genetic counseling was provided to caregivers for the
understanding of biologic cause of their abnormal behaviors. Accurate genetic diagnosis enabled us to
provide genetic counseling to caregivers of orphanage for better understanding of their problems and
better care and management of them.
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Information on long-term outcome in Wolf-Hirschhorn syndrome (WHS) is very limited. Only five adult
WHS are described in the medical literature, with age range between 24 and 37 years. We recruited
30 WHS individuals (22 females; 8 males), aged between 27ys and 54ys. 18 were personally observed
at the Stella Maris Clinical Research Institute by A.B., and followed up between 5 and 20 years; and 12
were recruited from the 4p- Support Group-USA (9/12 had enough medical information to be included
in the study); thus we are reporting on these 27. All are described as being happy, friendly, outgoing
adults, liking to be around family and friends.

17/27 are close to requiring total care with assisted needs in feeding, diapering, bathing,
dressing/undressing, and when walking needing assistance on uneven ground or transitioning from
carpet to tile. 9/27 are partly self-independent, being able to feed and dress themselves, but needing
supervision and some assistance with personal hygiene, and, at times, with walking on uneven
ground. 1/27 is fully independent. All had variable degrees of developmental disabilities with a
moderate-severe cognitive deficit. 18/27 enjoy good health, whereas 1/27 has diabetes type I,
diagnosed at age 13; 1/27 has Raynaud disease, diagnosed at age 18; 1/27 had esophagitis at age
19; and 6/27 were diagnosed with hepatic neoplasms. All but one are seizures free. All are enrolled in
a personalized rehabilitation program. Additionally we are collaborating with the CoRDS Registry at
Sanford Research, South Dakota who have created a patient-reported database of information on
individuals with rare diseases; the 4p- Support group has recruited many participants, including 18
persons > 18 years. Analysis of these persons with WHS is ongoing. Knowledge of the medical and
developmental aspects of adults with WHS will inform health supervision.
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Earlier we showed how Lego bricks can be used to build atomically correct models of compounds
relevant to medical biochemistry (Lin HJ, Lehoang J, Kwan |, Baghaee A, Prasad P, Ha-Chen SJ, Moss T,
Woods JD. Lego bricks and the octet rule: molecular models for biochemical pathways with plastic,
interlocking toy bricks. Biochem Mol Biol Educ 2018; 46:54-7. PMID 29105928). The models use “2 x
4" Lego bricks, in which the 8 studs represent the outer shell (or octet) of electrons around carbon,
nitrogen, and oxygen atoms. Thus, Lego bricks model the chemical bonds in many small biological
molecules, e.g., most amino acids, fatty acids, glucose (even the ring form), and intermediate
metabolites. Joining 2 bricks with 2 studs indicates a single bond. Similarly, 4 studs model a double
bond, and 6 studs form a triple bond.

Physicians in training are mostly unenthusiastic about reviewing metabolic pathways through names
or chemical structures of compounds. But they quickly build Lego molecules. So we developed Lego
teaching sessions to explain: fatty acid oxidation disorders; propionic and methylmalonic acidemias;
and urea cycle defects. The sessions emphasize biochemical understanding to better grasp
pathogenesis and treatment.

Our Lego sessions begin with fatty acid beta-oxidation to “acetate,” from which trainees build ketones
-- acetoacetate, beta-hydroxybutyrate, and acetone. Later, they use Legos to see how propionate
(e.g., from beta-oxidation of odd chain length fatty acids) normally converts to methylmalonate and
then succinate. Legos show how propionate can disrupt the Krebs cycle and impede acetate
catabolism -- causing ketone body accumulation and ketoacidosis. Next, trainees build the entire urea
cycle with Legos -- including synthesis of N-acetylglutamate from “acetate” and glutamate. The
models point out the causes of high ammonia in fatty acid oxidation disorders (less acetate available
to form N-acetylglutamate) and in propionic acidemia (blocking of N-acetylglutamate synthase by
propionate).

Trainees express satisfaction (even enjoyment) with reviewing biochemistry with Legos. They will
easily go over the material with Legos almost daily, during a 2- or 4-week rotation in medical
genetics. Our sessions have involved individual trainees, small groups (~10 people), and a group of
nearly 30 people (with giant Legos for demonstration). Using Legos can be an engaging, chemically
correct, simple, and fun way to teach on inborn errors of metabolism.
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Among congenital diseases, there are some diseases which can prevent severe symptoms by early
intervention. For those treatable disease, the longtime delay to diagnosis interferes early intervention,
and it leads to treatment failure. Newborn screening is one of an effective and most important
approaches to detect serious diseases on early or presymptomatic stage and lead to maximize
efficacies of therapies.

Lysosomal storage diseases (LSDs) have promising therapeutic options, such as enzyme replacement
therapies or pharmacological chaperones. But implementation of newborn screening (NBS) for LSDs is
still debatable and some concerning points are existing. Some patients who have later-onset forms or
attenuated forms of LSDs may not need to start treatment in their early life. It is still controversial
issue, that NBS for LSDs creates unnecessary emotional and financial burden on the family. There are
still few countries, which already provide nation-wide or region-wide neonatal screening program
includes lysosomal storage diseases. Japan is one of the countries which are not including the
lysosome diseases in nation-wide newborn screening. However, pilot screening studies have been
started with expense of parents in some medical institutions. Before starting the new NBS tests
including LSDs, families need to have knowledges of targeting diseases, and consensus of financial
burden.

To address these issues, we have conducted questionnaires for assessing opinions of parents with
their young children. Our aim of this questionnaire what type information and benefits expected for
NBS before consent, what and when is the appropriate way to inform them, and how much financial
burden is acceptable for families. We conducted a questionnaire survey on parents who visited our
hospital for their newborn infant checkup. In our ongoing survey, 70% of the parents replied that they
did not have any knowledge of LSDs, and 23% replied that they have been a little heard about LSD
before. But after reading leaflet, 86% of parents replied that they would like to request the NBS for
LSDs to their child, if they had known the LSD before NBS. They also commented that acceptable cost
probably be around or below 10,000 Japanese yen. In order to avoid a delay in diagnosis, it is
important to provide appropriate information of screening tests for LSDs.
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Background: Acute Intermittent Porphyria (AIP) is a rare inborn error of heme biosynthesis
characterized clinically by life-threatening acute neurovisceral attacks. Few studies have assessed
quality of life (QoL) in AIP patients and those that have had small sample sizes, and used QoL tools
which may not have captured important domains. In this study, the NIH PROMIS scales were assessed
in AIP patients to determine their sensitivity to disease severity, and assess their psychometric
properties. These analyses measured whether the PROMIS scales are appropriate patient-reported
outcomes (PROs) for this population and can be used as endpoints in future studies.

Methods: Baseline data from the US Porphyrias Consortium’s Longitudinal Study were obtained for
259 AIP patients. These included detailed disease and medical history as well as PROMIS data. The
following PROMIS scales were used: anxiety, depression, pain interference, fatigue, sleep disturbance,
physical function, and satisfaction with social roles. The relationships between PROMIS domain scores
and key clinical and biochemical features of AIP were assessed, and exploratory and confirmatory
factor analyses (EFA and CFA) were conducted.

Results: PROMIS domain scores among AIP patients were significantly worse than the general
population across all domains except depression. Each PROMIS domain discriminated well between
asymptomatic and symptomatic patients with symptomatic patients demonstrating worse scores.
Many important clinical variables were significantly associated with domain scores in univariable
analyses, showing good response for the PROMIS scales, specifically pain interference and fatigue
scales. Internal consistency was high for all the PROMIS scales. EFA revealed a five-factor model as
the most appropriate, each factor consisting of a separate domain: pain interference, anxiety,
depression, sleep disturbance, and fatigue. CFA of this five-factor model showed good fit.

Conclusion: Pain interference and fatigue were the most responsive scales in measuring QoL in this
cohort. The five-factor model fit the data well, which is different from the model observed in the
general population. These findings provide initial evidence that the PROMIS scales were valid and



reliable measures for clinical outcomes in AIP. Thus, the PROMIS scales provide an optimal
assessment of PROs.
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Objective: The objective of this study was to analyse the natural history of Williams-Beuren
syndrome based on the clinical findings of 123 patients. Methods: comprehensive retrospective
review of the medical records of patients with molecular diagnosis of Williams-Beuren syndrome
followed in our genetics outpatient clinic in a period of 20 years. Results: All cases were sporadic
except one case of monozygotic twins and one case of first-degree cousins. All of the patients had the
typical facial characteristics of the syndrome. Most patients presented with cardiovascular
abnormalities and 75.6% have some form of congenital heart disease (CHD), being supravalvar aortic
stenosis the main one (found in 47.3% of patients with CHD). Among them, 21.5% needed heart
surgery and/or cardiac catheterization, and one patient needed a heart transplant. Hypertension was
present in 40% of patients and 19.2% of those had renal artery stenosis. Other vascular stenoses
were also reported. Additional prevalent findings were vertebral spine abnormalities (71.5%), urinary
tract abnormalities (73.2%) and hernias (45%). Additional findings included hypothyroidism, ocular
findings, radio-ulnar synostosis, precocious puberty, constipation, feeding difficulties, hypercalcemia,
and some rare atypical findings. Most presented developmental delays and some level of intellectual
disability, however 3 patients had a borderline IQ and 2 had a low average 1Q. Almost half (49.6%) of
our patients are adults, with ages ranging from 18y to 38y (mean 18.1y; median 17y). None of the
adults was reported as employed. Conclusions: Our cohort behaved predominantly according to
published literature, however there were some atypical findings. To our knowledge this is one the
largest Brazilian cohorts of Williams-Beuren syndrome patients, including adult patients, making it
possible to describe the natural history of Williams syndrome. In the context of the implementation of
a national policy for rare diseases it is increasingly important to better characterize this population in
Brazil and to emphasize the importance of long-term follow-up with a multidisciplinary team.
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Background: 22q11.2 Deletion Syndrome (22q11.2DS) is the most frequent copy number variant
(CNV), affecting ~1/1000 fetuses and ~1/2000-4000 children, resulting in recognizable but variable
findings across multiple organ systems. Patients with atypical features should prompt consideration of
coexisting diagnoses due to the possibility of additional genome?wide mutations/CNVs which may be
inherited, as well as, mutations/CNVs on the remaining intact chromosome 22q11.2 allele unmasking
an autosomal recessive condition. Both occurrences compound symptoms impacting management
and genetic counseling. Methods: Records on 1422 patients with a laboratory confirmed 22q11.2
deletion followed at the Children's Hospital of Philadelphia (CHOP) were reviewed to identify a dual
diagnosis, including a subset of patients with atypical features, e.g. craniosynostosis, imperforate
anus, limb differences, and sudden death, whose samples underwent next generation sequencing of
the intact chromosome 22q11.2 allele as part of an ongoing IRB approved collaborative research
protocol in Philadelphia, Leuven, and Warsaw. Results: 24 patients with 22q11.2DS were found to
have a coexisting diagnosis representing 1.7% of our overall cohort. These included 8 patients with
conditions unrelated to 22q11.2DS (Severe Combined Immunodeficiency, Trisomy 8 mosaicism,
CHARGE syndrome due to a CHD7 mutation, cystic fibrosis, a maternally inherited 17q12 deletion,
G6PD deficiency, von Willebrand disease, and a 1921.1 deletion) and 16 patients with a 22q11.2
deletion and a CNV/mutation on the remaining allele resulting in a previously undiagnosed autosomal
recessive condition. The latter group included mutations or CNVs in GP1BB, CDC45 (4), LZTR1 (2),
SNAP29 (4), and TANGOZ (5) which explained patient's atypical features in association with known
conditions such as Bernard-Soulier, autosomal recessive Noonan syndrome, and CEDNIK syndrome, as
well as, what we believe to be a new condition associated with a CDC45 mutation, and TANGOZ2
Related Disease unfortunately explaining the sudden death of a 5-year-old child. Conclusions: These
findings support considering additional laboratory testing in all patients with 229q11.2DS, to ensure
appropriate personalized care, as formulating medical management decisions hinges on establishing
the correct diagnoses in their entirety, especially given that these findings are medically actionable,
potentially altering long?term outcome and recurrence risk counseling.
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Clinical exome sequencing workflow for Cerebellar ataxias: increased diagnostic yield and
identification of novel candidate

Priyanka Vishwakarma, SaritaAgarwal*

Department of Medical Genetics, SGPGIMS, Lucknow

Introduction: Spinocerebellar ataxia (SCA) is a rare, genetically heterogeneous, adult onset,
neurodegenerative disorder. It has 40 subtypes reported. Majority of SCA subtypes are caused by
dominant CAG expansion mutations.Clinical features present by SCA patients are gait disturbance,
movement problem, Nystagmusetc. Genetic studies of late onset sporadic ataxias are not routinely
mentioned however, for unresolved cases NGS or clinical exome sequencing (CES) are available for a
definitive diagnosis.Materials and method: In this study we recruited 50 SCA suspected patients for
the routine genetic diagnosis of SCA (subtypes 1,2,3,6 and 7) by multiplex and TP-PCR method and
we got 12 positive cases of SCA subtypes like 4 were positive for SCAL, 6 positive for SCA2 and 2
positive for SCA3 subtype.After this we found 38 patients who were uncharacterized for SCA in spite
of this, they were presented with cerebellar ataxia features. Then we selected 10 patients from 38
uncharacterized cases of SCAs with autosomal dominant cerebellar ataxia for CES, because it was
necessary to unravel the reason of problematic feature of patients. Additionally, we already excluded
the presence of mutations in the genes causing FRDA by STR analysis in previous research
projects.Results:we identified 3 cases of spastic paraplegia, all were male patients with a usual facial
phenotype and they developed ataxia at early age of life with no significant family history and in
initial clinical approach that ruled out common etiologies. Clinical exome sequencing was performed
when the patients were 24, 24 and 21 years of age respectively. The results identified heterozygous
pathogenic variant c.2014G-A (p. Gly672Arg), encode (SPG7 gene), and homozygous pathogenic
variants ¢.869+1 G-T(5'Splice site), (SPG11 gene) andc.1A-G (p.metl?) (FA2H gene) in all 3 subjects
respectively. Sanger sequencing in our laboratory confirmed all 3 variants.Conclusion: Our findings
suggested that patients with progressive cerebellar ataxia would benefit diagnostically from CES
irrespective of a positive family history or early age at onset. CES findings generally offer valuable
information which can be used for clinical decision making and in defining new clinical & bioethical
action like counseling.
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Understanding the underlying molecular pathology in neuropediatric disorders can affect patient
management, predict recurrence risk, and enable clinical trial enrollment for novel precision medicine
drugs. A comprehensive assessment of the field of clinical diagnostic sequencing across
neuropediatric disorders is lacking. Here, we conducted a systematic literature analysis of clinical
sequencing studies and found 8,396 articles. After additional filtering, we identified most studies for
epilepsy (n=48), involving 15,277 patients. We also found 16 studies for intellectual disability,
involving 2,317 patients, and 12 studies for autism, involving 1,578 patients. The diagnostic yield for
autism was 0.26 (95% confidence interval [CI]: 0.19-0.33), for intellectual disability the yield was 0.25
(95% CI: 0.19-0.32), and for epilepsy, 0.23 (95% CI: 0.20-0.26). Uncorrected for pre-screening, the
diagnostic yield for studies applying whole exome sequencing (WES) was 0.24 (95% confidence
interval [Cl]: 0.21-0.28), for gene panel sequencing the yield was 0.21 (95% Cl: 0.18-0.23), and for
whole genome sequencing (WGS), 0.19 (95% CI: 0.07-0.42). In the subset of epilepsy studies, the
yield for combined generalized and focal epilepsies was 0.23 (95% confidence interval [CI]:
0.20-0.27), for generalized epilepsies the yield was 0.21 (95% Cl: 0.15-0.29), and for focal epilepsies,
0.15 (95% CI: 0.08-0.25). We observed increasing numbers of clinical sequencing studies annually,
particularly in research studies from Asia. In the combined list of 76 identified clinical sequencing
studies, we did not find any publications from Africa, India, or Latin America.

In contrast to earlier publications, more recent studies apply guidelines for variant interpretation and
are more likely to report variants of uncertain significance. No study reported benign classified
variants. In summary, clinical genetic testing represents a fast evolving, and increasingly useful
approach in identifying the etiology of neuropediatric disorders. It is likely that the diagnostic yield
will further increase with the broader application of more comprehensive testing (e.g., WES) and
advanced variant interpretation methodologies. This systematic review provides a comprehensive
overview of clinical sequencing studies of neuropediatric disorders, can guide policymaking, and help
steer decision-making in patient management.
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Alexander disease is a rare autosomal dominant genetic disorder of the nervous system, classified as
a leukodystrophy. The cause of Alexander disease is the destruction of myelin, a lipid layer which
insulates the nerve fiber. This destruction decreases the rate of transmission of nerve impulses and
leads to the overall functional impairment of the nervous system seen in clinical cases.

The true prevalence of Alexander disease is currently unknown, however, only approximately 500
cases have been reported since 1949. There are two subtypes of Alexander disease; Type | and Type
Il. Type I, infantile form, is typically diagnosed prior to age four while Type Il, juvenile form, is
diagnosed after age four. We present a case report of a 27-year-old African American female who was
diagnosed with Infantile Alexander disease. She has required lifelong respiratory ventilation,
nutritional supplementation via gastrostomy tube and prophylactic seizure medication. MRI of the
brain showed persistent moderate leukoencephalopathy with abnormal patchy parenchymal
enhancement involving the frontal lobe, pons, cerebellum, and basal ganglia bilaterally. This patient
has doubled the estimated survival rate which makes this case even more rare.

Currently there is no treatment for patients with Alexander Disease. Supportive management should
include nutritional therapy, antibiotic therapy for intercurrent infections, and antiepileptic therapy. It
is crucial for affected patients to undergo preventative measures to avoid secondary complications.
An MRI can assist in the confirmation of Alexander Disease. Specific findings can guide the diagnosis
however physicians must keep in mind that other diseases can present similarly. Increased levels of
ap-crystallin, heat shock protein 27, and glial fibrillary acidic proteins were seen in all confirmed cases
of Alexander Disease, making this the most specific test for establishing the diagnosis.

Although most cases present in early years of life, it is just as important for physicians practicing adult
medicine to be familiar with the signs and symptoms of Alexander disease as it may mimic other
neuromuscular diseases, such as Multiple Sclerosis.

Key words: Alexander disease, leukodystrophy, glial fibrillary acidic protein, Multiple Sclerosis
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Concerns over the need to improve translational aspects of genetics studies and engage community
members in the research process have been noted in the literature and raised by patient advocates.
To address this gap, we have launched an initiative called Autism Genetics Outcomes (AutGO). The
overall goal was to establish partnership with a wide range of stakeholders and develop a new
integrated concept called GO (i.e., research approaches that utilize data and principles of both
genetics and outcomes research). To date, we have accomplished the following: identified inclusion
criteria for GO hypotheses, developed a semi-structured literature review protocol to collect
stakeholders’ perspectives for developing such hypotheses, and identified 10 different topics related
to autism that may lead to a GO hypothesis. We have also developed a GO hypothesis for a topic
prioritized by our AutGO members (i.e., depression in autism). While there is a consensus among
different stakeholders on the need to make a bridge between outcomes and genetics research, there
is a paucity of a practical and meaningful framework to implement this much needed synergy.

By applying lessons learned from AutGO, we assessed autism genetic findings from a patient-
centered perspective. To do so, we evaluated a few successful/replicated discoveries (related to PTEN,
MET, and Fragile X genes) from the standpoint of both scientific impact and patient-centeredness. The
following elements were distilled: (1) if/how patient and/or parent concerns contributed to the study
inception/development process, and (2) if/how they contributed to developing treatments and
improving patient health outcomes, and (3) highlight elements included in hypothesis generation,
research design, and data evaluation that were key factors in making these discoveries successful.

Such a unique retrospective assessment of the genetic findings will facilitate developing a practical
set of recommendations (conceptual framework) for the policy makers, funding agencies, and the
research community to further promote designing research protocols that have a higher likelihood of
contributing to translational research. Gathering and sharing such dual perspectives could facilitate
igniting interest on the topic of making a bridge between outcomes and genetics research in autism,
and promote building synergistic frameworks among relevant, but currently disconnected, initiatives
that are aiming to increase patient-centeredness.
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Recent major advances in psychiatric genetics have been driven by both major technological
advances and the establishment of international consortia. Several results can already be translated
from bench to the bedside. For example, according to the statement of the International Society of
Psychiatric Genetics (https://ispg.net/genetic-testing-statement/), psychiatric genetic testing (psyGT)
and identification of pathogenic copy number variations may help psychiatric patients to better
understand and accept their diagnoses and could improve the psychiatric genetic counselling (psyGC)
for familial recurrence risk. PsyGC is also efficient for alleviating emotional distress and guilt and in
improving self-efficacy and empowerment of patients and their family. However, integrating this
evidence into clinical practice requires a substantial research effort to overcome major clinical, ethical
and practical challenges.

In 2018, the European Union funded a COST Action to build a research network called EnGagkE:
“Enhancing Psychiatric Genetic Counselling, Testing, and Training in Europe”
(https://www.cost.eu/actions/CA17130/). EnGagE is a knowledge-sharing and expertise-enhancing



network. The objectives are to develop a framework to facilitate the implementation of PsyGC and
PsyGT into routine clinical care. EnGagE aims to develop standardized practice recommendations and
research protocols, share scientific knowledge and data, and provide standardized training in PsyGC
and PsyGT. The EnGagE network now includes preclinical and clinical researchers from the fields of
neuroscience, psychiatric genetics, psychosocial research, and ethics; clinicians from the fields of
psychiatry, psychology, and medical genetics; genetic counsellors, and scientists from diagnostic
genetic testing laboratories. Furthermore, patient and family advocacy groups are actively involved in
EnGagE. Currently, the EnGagE network comprises 30 European countries and has recruited active
participants in Australia, Canada, Russia, and the USA.

We will present the structure of the EnGagE network (especially its different taskforces), the
achievements that have been made in its first year, as well as the timeline of future commitments.
The specificities and the challenges of PsyGC and PsyGT will be discussed, both from a practical and
ethical point-of-view. We will discuss the difficulties encountered in transferring scientific knowledge
of psychiatric genetics into routine clinical practice in Europe.



n= A+
PgmNr 672: The experience of parenting a son with X-linked
retinoschisis.

Authors:
R. Nolen *; C. D'Amanda *°; B. Biesecker ?; C. Cukras °; P. Sieving *; A. Turriff *

IView Session| |Add to Schedule]

Affiliations:

1) Ophthalmic Genetics & Visual Function Branch, National Eye Institute, Bethesda, MD; 2) RTI
International, Washington, DC; 3) Division of Epidemiology & Clinical Applications, National Eye
Institute, Bethesda, MD; 4) Director, National Eye Institute, Bethesda, MD; 5) Department of Medicine,
Division of Genetics, University of Rochester Medical Center, Rochester, NY

Introduction: Parenting a child with a genetic condition has been associated with significant stress,
grief and loss, and concern for the future. Prior studies of carriers of X-linked conditions have found
that guilt is prominent. X-linked retinoschisis (XLRS), a childhood-onset retinal dystrophy, differs from
previously studied conditions in terms of disease prognosis, caregiver burden, and lack of established
carrier phenotype. This study explored the experiences and characteristics of parents of sons with
XLRS.

Methods: Parents of sons with XLRS who were evaluated at the National Eye Institute
(clinicaltrials.gov: NCT00055029) between December 2017 and January 2019 were eligible for this
cross-sectional, mixed methods study. Semi-structured interviews were conducted by two researchers
either in person or by phone. Interviews were transcribed, coded, and analyzed thematically.
Participants also completed a survey composed of demographic questions and validated scales to
assess dispositional optimism, anxiety, and personality traits.

Results: 11 mothers and 8 fathers participated in this study. Recruitment occurred until no new
concepts emerged from the interviews. Reported optimism, anxiety, and personality traits were
consistent with published normative data. Parents described a process of continuous adaptation. The
initial diagnosis was characterized by grief, shock and devastation for most parents, which was
exacerbated by reportedly unfavorable interactions with providers who lacked familiarity with XLRS.
Maternal guilt was common, but usually improved with time. As parents adjusted to life post-
diagnosis, they attempted to maintain a sense of normalcy while balancing the desire to protect their
sons. Significant stressors included decisions around sports participation, driving, and school
accommodations. Among all parents, the fear of retinal detachment was an ongoing source of
concern. Most parents identified perceived benefits from their experiences, such as increased
compassion or family cohesion.

Conclusions: Most parents viewed XLRS as a significant challenge in their sons’ lives, but one which
could be overcome with the right guidance. Clinical encounters may be enhanced for families with
XLRS by providing quality information, preparing families for potential challenges, and by assessing
and acknowledging the psychosocial impact of living with XLRS.
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Purpose: Studies have documented the negative psychosocial impact of vision loss related to
inherited eye conditions. In this context, a pilot practice improvement project was set up to evaluate
whether a rapid assessment for depression during a clinical visit may facilitate identifying and
appropriately referring at-risk patients. This project also allowed for a view into the depressive profiles
of patients seen in clinic.

Methods: Nurse coordinators administered the Patient Health Questionnaire depression scale
(PHQ-9) to 50 consecutive adult patients at the Ophthalmic Genetics and Visual Function Branch
(OGVFB) clinic of the National Eye Institute (NEI) between January and March 2019. Patients scoring =
10 on the scale were assessed by a genetic counselor that day, who followed up three months later
by phone. Patient demographics and clinical findings were obtained from the NEI electronic medical
record and correlated with the PHQ-9 scores for further characterization of the cohort.

Results: Data from 47 patients were included in the analysis. Median onset of visual symptoms was
24 years (range: birth to 60 years). On average, patients had lived 20 years with their symptoms. A
majority (57%) did not have a family history of the condition. Most (96%) had a progressive or
possibly worsening form of visual loss. Median Best Corrected Visual Acuity (BCVA) was 20/40 (range:
20/12.5 to Light Perception). PHQ-9 scores ranged from 0 to 17, with 41 patients (87%) falling into the
Minimal or Mild depressive symptoms category (score < 4). The average score was 3.6 (median: 2).
No correlation was detected between scores and other variables such as BCVA, residual visual fields,
age of onset, age at visit, length of diagnosis, sex and family history. Six participants (13%) had
scores in the Moderate or Moderate to Severe category and were assessed by a genetic counselor. All
had a history of depression and either had been or were under medical care for the diagnosis. Follow-
up is ongoing.

Conclusions: The existing clinic infrastructure and brevity of the PHQ-9 questionnaire allowed for a
rapid evaluation of patients for depressive symptoms. In this cohort, 13% were found to be at-risk,
which is consistent with rates published for patients with chronic medical conditions, but lower than
those reported in the literature for vision loss. The fact that all at-risk patients had a history of
depression suggests that long-term follow-up may be needed for these patients.
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With the growing use of gene panels and next generation sequencing in the evaluation of human
disease, gene-level description of illness is being realized on a more widespread basis. Despite this
growing understanding, genetic variants and their attendant diseases remain difficult to study
particularly due to a lack of pragmatic classification of genetic variants within medical nomenclature,
e.g. International Classification of Diseases.

The internationally recognized HUGO Nomenclature Committee (HGNC) approves labelling of human
loci to enable unambiguous scientific communication, including assignment of a unique HGNC ID
number, e.9. SYNGAP1 has been assigned the ID HGNC #11497. Even should the name or symbol of a
gene change, the assigned HGNC ID remains stable. As a unique, durable identifier of a gene, it is an
ideal label of pathogenic genetic variation. To code genetic variants in ICD-10, appending the HGNC
ID to an ICD-10 prefix could be performed in the Q9 section (Chromosomal abnormalities, not
elsewhere classified) of the Q chapter (Congenital malformations, deformations and chromosomal
abnormalities), or to an unused U code chapter (U9 Germline Genetic Variants), i.e. Q91.1497 or
U91.1497 for “SYNGAPI Pathogenic Variant Present, Germline or Postzygotic,” respectively. This
methodology preserves the architecture of ICD-10 while utilizing an additional international system to
remain consistent with the conventions of biomedical classification with numerous consequent
benefits. Use of HGNC ID numbers within the Extension Codes of ICD-11 will then allow ongoing
coding of pathogenic variants.

As such codes are entered into electronic medical records and billing databases, high-quality
epidemiologic research and retrospective studies are possible. Moreover, in syndromes with multiple
individual genetic causes, e.g. frontotemporal dementia or autism, gene-specific labelling can
facilitate more detailed genotypic:phenotypic correlation or selective recruitment for clinical
studies—a particularly important benefit with the rapid emergence of gene-specific therapies.
Furthermore, this method can be adapted to add much-needed somatic mutation codes to ICD-10 as
oncologic care increasingly considers personalized tumor genomics, e.g. U code chapter (U7 Somatic
Genetic Variants), U79.047 “PLAGLZ2 Pathogenic Variant Present, Somatic.” Use of the HGNC ID within
ICD can begin a pragmatic and enduring method of incorporating genetic variation into medical
coding.
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Background: Turner syndrome (TS) is associated with both phenotypic and karyotypic variability.
Previous studies looking at relationships between karyotype and phenotype have been discordant.
The aims of this study were to understand karyotype-phenotype relationships using data from a large
pediatric TS cohort, stratify risk of TS-related morbidities across the different karyotype variations and
enrich the evidence-base for TS pediatric management recommendations in order to improve
prognostic genetic counseling post diagnosis.

Methods: Retrospective chart review was performed on 187 TS patients managed by a
multidisciplinary clinic at Lurie Children’s Hospital of Chicago. Inclusion criteria were a confirmed TS
karyotype and at least two endocrinology visits. Karyotypes were categorized into five groups: 45,X;
45,X/46,XX mosaicism; karyotypes with Y chromosome material identified; structural X variants; and
mosaicism with Triple X. All clinical data were dichotomized into normal and abnormal for
comparative analyses.

Results: Statistically significant differences among the karyotype groups were observed in ten of
thirty of the clinical variables including: age of diagnosis, congenital cardiac defects, abnormal EKG
scores, beta-blocker use, abnormal low-density lipoprotein (LDL), diagnoses of autoimmune
thyroiditis, deficient Vitamin D levels, estrogen use, spontaneous menarche, and spontaneous
thelarche. Novel findings in this study included an increased risk for electrocardiographic
abnormalities, beta-blocker use, and abnormal LDL levels in the 45,X group; and increased risk of
Vitamin D deficiency in the mosaic 45,X with Triple X karyotype.

Conclusions: In this cohort, 45,X was typically the most severely affected and structural X karyotypes
showed an increased risk of autoimmune thyroiditis and pubertal delay. Some of the novel findings in
this study corroborate the previous assertion that 45,X karyotypes are the most morbid, particularly
regarding cardiac findings. Mosaic Turner syndrome with 46,XX, Y chromosome material, and Triple X
karyotypes have some more mitigated features, particularly regarding puberty measures, although
evaluation for all Turner syndrome associated comorbidities is still warranted. While Turner syndrome
remains variable in presentation of both phenotype and karyotype, there is evidence of relationships
between the two, which may add value to counseling regarding prognosis for patients and families at
the time of diagnosis.
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The ClinGen Actionability Working Group (AWG) has developed a standardized, evidence-based
framework to assess the clinical actionability of genes and associated disorders in the clinical context
of returning secondary findings of genome-scale sequencing. This framework includes the generation
of summary reports of clinical actionability based on available evidence for clinical outcomes and
interventions that could improve future health outcomes in these conditions. A semi-quantitative
metric is then applied to generate consensus scores for four domains of clinical actionability for
specific outcome and intervention pairs: 1) severity of the outcome; 2) likelihood of the outcome to
occur; 3) effectiveness of the intervention to prevent or minimize the outcome; and 4) nature of the
intervention, akin to risk and burden of the intervention to the individual. These publicly available
materials provide evidence-based resources to guide development and implementation of
recommendations and policies regarding the return of secondary findings. Most recently, the AWG has
begun to expand this framework by developing methods to generate AWG assertions on the clinical
actionability of genomic variation as secondary findings. To inform this effort, a survey was developed
to collect AWG member perspectives on the degree of actionability of 15 topics previously assessed
by the AWG. For each topic, the relevant summary report and consensus scores were provided with a



0 to 100 sliding scale to capture the scorer’s perspective of clinical actionability, where 0 indicated
“not at all actionable,” 100 indicated “very actionable,” and 50 indicated an “actionability threshold.”
To date, 15 AWG members have completed this survey. The median score for all 15 topics was above
the “actionability threshold.” Two of the 15 topics are on the ACMG SF 2.0 list and scored relatively
high on this scale compared with other topics. Interestingly, actionability scores were variable within
each topic, with the inter-rater coefficient of variation ranging from 13.4 to 53.7 across topics. This
variability highlights the complexities and challenges of making assertions of clinical actionability.
Next steps to modify the methods to provide AWG actionability assertions will be discussed. Overall,
actionability assessments of the ClinGen AWG provide a significant resource to aid stakeholders and
decision makers as they determine best practices regarding return of secondary findings.
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Direct to consumer (DTC) genetic testing (GT) for health conditions has become easily accessible to
the general public via several models. The US FDA has cleared at least one company to test for
specific pathogenic variants. The company asks that consumers consult with their doctors to discuss
concerns related to the results. Consumers can also utilize 3rd party analysis for interpretation of
their raw genetic data. Of the variants reported by this additional analysis, ~40% may be false
positives, thus highlighting the importance of confirming the results through clinical GT. Many health-
care professionals are not familiar with handling GT results, and there is no consensus information
about methods to communicate and manage DTC GT. Medical literature regarding the approach to
DTC GT includes case-based scenarios for individuals presenting to primary-care with DTC GT variants
in BRCA1/2 genes, Alzheimer disease and polycystic kidney disease. To our knowledge, education
about DTC GT in ambulatory undergraduate medical education has not occurred. Practical strategies
in @ more comprehensive framework to help health-care professionals, both PCPs and specialists to
navigate these results are needed as evidence evolves. We describe an approach piloted in the
ambulatory clerkship at Johns Hopkins SOM to address the DTC GT trend. We have begun to offer a
90-minute Genetics in Ambulatory Care education session that focuses on DTC GT as an optional part
of our medical student and postgraduate trainee elective. Five learners have thus far participated in
the module. Post session survey showed that all participants agreed that the session was relevant to
their future careers and recommended offering the session to future learners. Based on their input,
we identified gaps in the knowledge of this target group and created a preliminary educational
tool/algorithm to approaching DTC GT results. 15 genetics professionals and trainees also contributed
to the algorithm. Next steps for presentation: An electronic survey will be distributed to a larger group
of genetics professionals and trainees to further analyze the tool. A group of non-genetics health
professionals and patients will be later invited to pilot the tool. We plan to suggest strategies to aid
health-professionals and patients navigate DTC GT results.
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Genetics has evolved from a niche discipline to standing as one of the five core recognized conceptual
areas for biology students. One could argue that basic genetics literacy is instrumental for all
students, with genetics analyses starting to become routine in health care across the United States
and beyond. Moreover, consumer testing is becoming more popular, with many college level students
and/or close relatives having used consumer-testing services. Toward reaching students from
different backgrounds, learning styles, and with varying level of expertise, it is important to offer
different ways to convey content that go beyond classical lectures. At the same time, while “flipped
classrooms” have recently met some advocacy, they are very difficult to realize effectively and apply
to large classrooms; and thus, consequently are often not appreciated by students. To address these
challenges, we developed instrumented physical artifacts (or “tangibles”) to enhance the genetics
learning experience. Starting with the NIH 3D Print Exchange, we are developing 3D printed objects
for molecular genetics toward use in the classroom for exploration and explanation. We also
encourage students (often as part of group projects) to print their own 3D models to broaden their
learning experiences, enable students to learn new skills, and use the resulting tangibles as both
passive and active elements of their presentations. (Our institution has makerspaces with student
access.) Finally, we have also begun integrating sensing, display, and actuation electronics and
software into 3D printed objects, toward further increasing the functional, representational, cognitive,
and communicative potential of such practice.
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Background: The implementation of genetics and genomics into clinical care has important
implications for all healthcare providers, yet opportunities to upskill practitioners are limited.

Aim: To better understand the priorities, knowledge, and needs of healthcare providers for genomics
educational resources.

Methods: We developed a survey incorporating both new and existing questions from validated
instruments. Through collaborations with professional associations, the survey was distributed from
July to September 2018 to healthcare providers.

Results: Data was analyzed from physicians (N=46), nurses (N=31), physician assistants (N=22),
and pharmacists (N=48). Most respondents (78%; 115/147) thought it was very important for
healthcare providers to become more educated about genetics and genomics of common disease.
Almost all (97%; 142/146) thought that a potential advantage of integrating genetics of common
disease into practice would lead to better treatment decisions and 91% (132/145) thought another
advantage would be improved services to patients. A potential disadvantage noted by 78% (113/144)
was that genetics/genomics may not be reimbursable/too costly. Another potential disadvantage
noted by 67% (97/145) was an increase in insurance discrimination. When asked to rank the
importance of incorporating genetics and genomics into their practice, 10% (15/145) reported low
priority, 36% (52/145) moderate priority, and 54% (78/145) high priority. Regarding their
genetics/genomics knowledge, 21% (31/146) rated knowledge as excellent, 53% (77/146) as good,
and 26% (38/146) as poor. When asked “where do you go for genetics and genomics training and
resources”, the majority selected professional organizations, the internet, and peer-reviewed
literature.

Limitations: Limitations of the data were a lack of diversity among respondents, low response rate,
and a need for additional questions.

Conclusions: These results provide preliminary information on genomics priorities, knowledge and
needs among healthcare providers. Because the majority indicated they go to their professional
organizations for information about genetic and genomic training and resources, collaborating with
these organizations is a potential educational and dissemination opportunity for the National Human
Genome Research Institute.

Next Steps: We plan to distribute a revised, expanded survey to increase the overall response rate,
the diversity of respondents, and to further explore our findings.
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With the recent advances in genetic and biomedical technologies, there has been a dramatic increase
in the value of stored biospecimens.Researchers are now developing protocols to examine such
tissues.With the paradigm shift in healthcare towards personalized medicine,biobanks are becoming
primary means of delivering personalized diagnostics and treatment. All these require interactions
between many stakeholders,including healthcare staff.In Africa,genomic methods are gradually being
adopted in biomedical research, though the status of genetics and genomic medicine is far from
meeting the needs of the population.Even with the curricular reforms in medical education, little is
known about physicians/medical students’ knowledge and attitudes concerning medical genetics and
genomics in Africa.Several studies have described the role of the public and patients in tissue banking
issues and other related matters, but very few have also actually studied the role of healthcare staff
and medical students.We assessed the knowledge of Nigerian medical students about biobanks and
their willingness to donate their biospecimens for research.Using self-administered questionnaires,a
cross-sectional study of the consenting respondents among 143 eligible senior medical students in a
Nigerian University was conducted in May 2019.Data analysis was done with SPSS version 22.The
sample included 79 males and 35 females, and the mean age was 23.7 years. Only 28.1% knew the
difference between genetics and genomics, and only 14% were confident of their knowledge of
genetics and genomics.The majority(73%) were either not aware or not sure of the term
'biobank’,though 55.3% were willing to donate specimens for research;with the chief reason for
willingness being altruism.The main reason for unwillingness to donate was fear/uncertainty about the
intentions of the researchers.A majority (64%) had never participated in health
research.Blood,sputum, urine and stool specimens were the specimens the respondents were most
willing to donate. Only 7% of the respondents were willing to donate specimens from dead
relations.Fifty-five(48.3%) students were unwilling to donate any organ for the medical care of needy
patients.There is a low level of knowledge about genetics/genomics and biobanking among the
students.Their attitude to donation of specimens for research is guarded.There is a need to improve
biomedical research education and medical genetics/genomics teaching among medical students.
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The Louisiana State University Health Sciences Center in New Orleans (LSUHSC) created a genetics
educational pipeline through the Science Youth Initiative (SYI) and the Research Experiences for
Undergraduates (REU) programs. The long term goals are to increase diversity in STEM fields
especially in genetics. Underrepresented groups as defined by the NIH and NSF include African
American/Blacks, Hispanic/Latinos, Native American/American Indians, Pacific Islanders, Alaska
Natives, women, persons with disabilities, first generation college students, students residing in rural
areas, non-traditional students, and veterans. SYI instruction includes hands-on experiments,
workshops, and educational videos which are coordinated with elementary, middle, and high school
(K-12) teachers to maximize learning and complement their curriculum. The goals of the SYI are to
improve academic achievements, introduce diverse role models, increase awareness of genetics and
science careers, and provide LSUHSC trainees instruction in communication skills to the lay public.
Topics range from strawberry DNA isolation (elementary schools), to forensics and Hela cells (high
schools). Since 2009, the SYI has reached > 2900 K-12 students, of which 72% belong to
underrepresented groups. Diverse LSUHSC trainees from the LSUHSC Schools of Medicine, Graduate
Studies, and Public Health help educate K-12 students. The REU program provides undergraduates
scientific problem solving skills, state-of-the-art laboratory techniques, scientific communication skills,
and resume writing instruction for competitive graduate school preparation. Since 2014, the NSF-
funded REU program provided internships to more than 50 undergraduates. General topics include
population genetics, molecular and cellular biology, chromatin instability, mutation analysis,
translational research, and bioinformatics. Following the REU program, students co-author scientific
publications and conference presentations, obtain laboratory employment, and are accepted to STEM
programs. Participating schools include rural, urban, public, private, and historically black colleges
and universities (HBCUs). Assessments are by qualitative and quantitative surveys and NSF-REU
common assessment tools. Students are tracked via on-line reporting systems. The SYl and REU
programs have been successful in providing opportunities in STEM especially in the field of genetics,
to K-12 and undergraduate students to help them achieve career goals.
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The National Human Genome Research Institute (NHGRI) has a rich tradition of strategic planning that
dates back to the Human Genome Project. The significant advances in genomics since the publication
of NHGRI's last strategic plan in 2011 illustrate the need for an updated vision about the future of
genomics for 2020 and beyond. In February 2018, NHGRI launched a new round of strategic planning,
one that will yield publication of a new strategic plan in Fall 2020. The new plan will detail the most
compelling areas of genomics research and their application to human health and disease; it will also
inform NHGRI's scientific priorities and shape its research portfolio, ensuring that the Institute
continues to be a driving force at the Forefront of Genomics. To formulate relevant and forward-
reaching goals, NHGRI is fostering partnerships with research, healthcare, education, and policy
communities, as well as the public. Starting in 2018, NHGRI has engaged a wide variety of
stakeholders through workshops, town halls, advisory meetings, meeting sessions, and webinars.
Over the next year, NHGRI plans to use the received input to develop draft tenets for the emerging
plan as well as collect additional input through more focused activities. We continue to encourage the
genomics community to participate in the process via genome.gov/genomics2020,
genomics2020@nih.gov, and #genomics2020. This poster, presented by NHGRI staff, provides an
overview of the ongoing NHGRI strategic planning process to date.



n= A+

PgmNr 683: Integrating modern genetics, genomics, and
bioethics into high school curricula: The Teaching the
Genome Generation program.

Authors:
C. Wray *; S. Wojiski *; M. McKernan *; D. Waring *; K. Bass *; A. Kieffer !

IView Session| |Add to Schedule]

Affiliations:

1) Genomic Education, The Jackson Laboratory, Bar Harbor, Maine.; 2) Genomic Education, The
Jackson Laboratory for Genomic Medicine, Farmington, Connecticut; 3) Personal Genetics Education
Project, Department of Genetics, Harvard Medical School; 4) Rockman et al., San Francisco, California

Teaching the Genome Generation (TtGG) is a high school teacher professional development program
(PD) and curricular and laboratory resource effort that supports classroom instruction across three
broad topics: molecular genetics, bioinformatics, and bioethics. The three instructional themes are
aligned with Next Generation Science Standards. Modular lesson plans, laboratory protocols and
instrument and reagent support are provided to teachers who participate. TtGG is unique because it
uses voluntary, anonymous sampling and isolation of high school student genomic DNA for use in
subsequent genotyping demonstrations. Bioinformatics exercises are designed to reinforce content
presented in the laboratory exercises and highlight the deep levels of DNA sequence variation that
exists in the human genome. Bioethics lessons, from the Personal Genetics Education Project (pgEd),
align with and support the molecular genetics arm of the program and model how to introduce and
facilitate discussion on controversial and sometimes difficult subjects with high school students. To
date, 163 teachers have taught over 10,000 high school students content provided by the TtGG
program. Lessons and laboratories are flexible and are taught across a range of high school courses;
40% of students are exposed to the curriculum in their introductory biology course, while 22% and
19% of students participate in the curriculum in honors or AP biology, respectively. The remainder of
students experience the curricular elements in a biotechnology or other science course. Participating
teachers from New England implement lessons and labs at a high rate; however, incorporation of
bioinformatics lessons in high school classes lags behind laboratory and bioethics classroom
integrations. In 2018, new case-based and narrative bioinformatics lessons were introduced in order
to increase integration of bioinformatics into high school classes. Evaluation data collected over
several years indicate that TtGG has increased teachers’ abilities to integrate complex concepts of
genetics and genomics into their high school classes. Self-efficacy items show increased teacher
confidence when tested before the professional development (PD) and at the time of the school
implementation, sometimes months later. For example, respondents from the 2017 PD cohort (n=27)
are 17% more confident on tasks related to use of bioinformatics tools at the time of implementation
than before the PD.
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Background: Historic bioethical abuses in the conduct of science and medical intervention in Puerto
Rico has led to an atmosphere of scientific distrust and subdued interest in being included in
research. As new, large research initiatives have created Puerto Rican-centered infrastructures,
researchers are increasingly interested in engaging communities - equitably - in genetic research.
Such engagement could help accomplish distributive justice in that communities may ultimately
benefit from the research where they participate. We ascertained attitudes and intent to participate in
genetic research in two rural communities of Puerto Rico where new tissue-based genetic research
was being initiated.

Methods: This study used an in-person cross-sectional design to ascertain community members’
attitudes toward genetic research and likelihood of participating in genetic research studies in two
rural community health centers in the northern Karst region of Puerto Rico. We ascertained the
relationship between willingness to participate in genetic research and psychometric, attitudinal,
demographic, and general health indices.

Results. Overall, 44.8% indicated they were very/likely to participate in genetic research. Attitudes
toward genetic research were strongly associated with likelihood of participating in such research: the
Composite Attitudes Score was approximately 30% higher for participants very/likely to participate in
genetic research versus others (p<.001). Respondents indicating they were very/likely to participate
in genetic research were significantly more likely to trust researchers (p<.001); indeed, respondents
indicating they trusted researchers were more than six times more likely to participate in genetic
research than were respondents not indicating trust (84.6% v. 12.5%). Additionally, respondents
perceiving that research could benefit them/ their family (p<.005) were more likely to indicate they
would participate in genetic research.

Discussion. Likelihood of participating in genetic research varied sharply by demographics, attitudes
toward genetic research, and by psychosocial classifications in this sample of rural Puerto Ricans.
Ensuring an informed understanding of what genetic research entails and overcoming “lack of trust”
in researchers (No confio en los investigadores) - one of the strongest determinants of participation in
research identified in this study - are critical in successfully partnering with communities.
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The importance of patient and public involvement in medical research is increasingly recognized.
There is a discernable movement away from a paternalistic model of medical research to one in which
patients are actively involved in the research process to better reflect their experiences and needs.
Participant-centric Initiatives (PCls) are defined as “tools, programs, and projects that empower
participants to engage in the research process” using digital technologies. Studies point to the
effectiveness of using information and communication technology (ICT) for medical research via PCI
platforms. Not only do they allow more patients to participate in research, but interactions between
research participants and researchers are facilitated. However, there were no reports on the
development of PCls since 2012, and existing reports were limited in scope. Furthermore, previous
studies had not sufficiently clarified how patient involvement is facilitated by PCls.

The objective of this study was to clarify the status of PCls and the key features of participant
involvement using ICTs. In previous studies, patient involvement was broadly defined across a
spectrum of distinct levels of involvement activity. Therefore, we focused on the question of what
kinds of patient/participant involvement are facilitated by PCls, aiming at clarifying the characteristics
of different levels of participant involvement activity.

By applying a scoping review methodology, a literature search was conducted in 2017. After
screening 6,568 documents and websites, 152 documents were found relevant to PCls. By examining
the abstracts of those documents, we extracted activities related to PCls and analyzed their
characteristics and key features. We found that they can be classified into two distinct groups in
terms of the levels of participant involvement. Group 1: Patients are actively involved in the research
as partners, by making decision or leading research activities. Group 2: Patients participate in the
research by providing feedback or input, or to gain knowledge about research and ask questions to
researchers. The preliminary results revealed that terminology usage and definitions of involvement
are varied and inconsistent. By comparing these groups, we illustrate that the active involvement
facilitated by PCls can be achieved by continuous dialogue between participants and researchers, and
priority setting by participants.
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Preimplantation genetic diagnosis (PGD) is a reproductive technology which, in the course of in vitro
fertilization (IVF), allows prospective parents to select their future offspring based on genetic
characteristics. During the last decade, the regulation of PGD has followed mostly a linear path, with
incremental changes driven by scientific advances or by court driven alterations to legal practice. But
also, shift has been prompted by greater societal uptake. No longer considered an experimental
practice, stakeholders (e.g. scientists, patients, etc.) across the world have challenged the status quo,
recognizing that both technological and policy developments do not take place in a moral vacuum.
They have done so under the flag of reproductive freedom, equitable access and welfare
considerations, amongst other ethical concerns. Despite the passage of time, the ubiquitous presence
of eugenics seems to constantly cast a shadow over technologies that open the door for selecting the
genetic characteristics of a human offspring. For this reason, we can predict that despite greater
societal acceptance, widening the permissibility criteria for PGD will remain contested and a matter of
continue social and policy debate.

In this presentation, we examine - from a comparative perspective - variations in policy approaches to
the regulation of PGD. We draw on a representative sample of 19 countries (Australia, Austria,
Belgium, Brazil, Canada, China, France, Germany, India, Israel, Italy, Japan, Mexico, Netherlands,
Singapore, South Korea, Switzerland, United Kingdom, and the United States) to provide a global
landscape of the spectrum of policy and legislative approaches (e.qg. restrictive to permissive, public
vs. private models). We also explore central socio-ethical and policy issues and contentious
applications as for instance, permissibility criteria (e.g. medical necessity), non-medical sex selection
and reproductive tourism. Finally, we further outline genetic counseling requirements across policy
approaches.
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Precision medicine serves to benefit detection, diagnosis and personalising of the health care
experience. It is widely recognised that there is significant bias in genomics databases towards people
of European ancestry. Aboriginal and/or Torres Strait Islander residents of Queensland, Australia
experience significantly higher mortality and morbidity and lower life expectancy compared with non-
indigenous Queenslanders. With a growing emphasis on genomics in healthcare, there is a risk that
advances in genomics will not benefit Indigenous Australians. In 2018, QIMR Berghofer undertook to
develop guidelines to support genomic researchers to partner with Indigenous Queenslanders.
Development of the guidelines was informed by community engagement across the health service,
research and ethics sector. Led by an Aboriginal man, the project was developed and delivered by a
team with complementary skills in stakeholder engagement, epidemiology, medicine, genomics,
ethics and biotechnology. Governance of the project was overseen by a project steering committee
comprising noted Indigenous experts from the university, health service, research, policy and ethic
sectors of Queensland. Community and stakeholder forums availed an opportunity to provide input,
feedback and advice about the topics of genomics, genetics and precision medicine and to directly
inform the development of the guidelines. The guidelines provide practical suggestions for genomic
researchers to evidence a commitment to Indigenous research and to respect the right to self-
determination and empowerment of Aboriginal and/or Torres Strait Islander leadership and voice.
Consultation and engagement are essential to the uptake and translation of key learnings, ensuring
that consumers, families, communities, service providers, policy personnel, researchers and clinicians
are informed about, respected and empowered to make decisions and influence health action. The
Aboriginal and/or Torres Strait Islander community of Queensland, Australia showed overwhelming
support for our engagement and the opportunity to learn more about genomics and precision
medicine. The guidelines serve as a launch pad to support relationships, conversation and partnership
in the area of Indigenous genomics in Queensland, Australia. Key learnings serve to benefit the
international community about the value of deliberate and empowering strategies to encourage
public discourse about genomics and precision medicine.
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Regulation of International Direct-to-Participant (DTP) Genomic Research: Results of a 32-Country
Study

Mark A Rothstein, Ma'n H Zawati, Bartha Maria Knoppers

The online recruitment of participants is helping to facilitate genomic research on rare disorders. With
the development of cooperative arrangements between researchers and disease-specific patient
organizations, interested patients and caregivers can be easily recruited, without relying on
traditional recruitment models that depend on physicians and hospitals. Internet recruitment has the
further advantage of allowing prospective participants in remote locations to take part in research.
Such participants may supply samples for genome sequencing and provide access to electronic health
records. International direct-to-participant (DTP) research promises to greatly increase the number
and diversity of participants for research on rare disorders, but participant recruitment across
international borders is often thwarted by prohibitions on research without ethics review in each
participating country. The process of obtaining ethics review in multiple jurisdictions, while an
essential part of traditional research, can quickly become burdensome and infeasible. Researchers
may be hesitant to undertake such effort only to enroll a few participants in each studied country.
Thus, although global recruitment is a promising strategy, much work remains in devising methods
that are legally compliant and ethically acceptable for this novel research. There is an urgent need to
understand the international regulatory landscape in order to foster greater potential for a global DTP
genomic research model. In this presentation, we will outline the results of an NIH-funded study in 32
countries on six continents. Drawing on the reports of our local expert collaborators, we will describe
the state of the law and genomic research practices, and discuss the measures needed to ensure the
successful implementation of international DTP genomic research.



n= A+

PgmNr 689: The latent class analysis to clarify the factors
associated with the structure of the public attitude toward
the genome research at the survey in 2016 in Japan.

Authors:
Z. Yamagata !; K. Muto

IView Session| |Add to Schedule]

Affiliations:
1) Deptartment Hlth Sci, Univ Yamanashi, Chuo, Yamanashi, Yamanashi, Japan; 2) The Institute of
Medical Science, The University of Tokyo, Tokyo, Japan,

[Aim] The aim of this study was to clarify the structure of the public attitude toward the genome
research by the latent class analysis.

[Methods] The nationwide surveys about the attitude toward the genome research were conducted in
2016 in Japan. The participants were comprised of 2,000 people (age, 20-69), selected from the
Japanese general population by using the two-step stratified random sampling method.

[Results] Five clusters were assumed as an explanation model of six variables related to the
knowledge of genome and attitudes toward genomic research promotion about three themes; basic
genome research, genome research related to agriculture and medicine at the survey in 2016. They
were able to be named “Group of aggressive promotion” (41.5%), “Group of passive support”
(20.8%), “Group not making judgment” (19.2%), “Group making prudent judgment” (18.5%), and
“Group not interested in genome”. The results in 2008 and 2009 were almost the same as that in
2005. It is possible to forecast to which cluster to belong according to respondent's attribute, and we
can forecast the reaction to other questions by using a cluster oppositely. For examples, “Group of
aggressive promotion” is the layer of a high academic background, and is positive to donate their
blood for the genome research, “Group making prudent judgment” is high academic background
persons as same as “Group of aggressive promotion”, and is interesting in the science and
technology, but is negative to the blood donation for the research.
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The All of Us Research Program has the potential to enable precision medicine for all people in the
U.S. Likely, this vision will be realized over the course of decades and depends on the engagement of
FQHCs and CBOs to recruit and retain a diverse cohort, and to strengthen newly formed institutional
partnerships. These institutions are not only critical linchpins for equitable inclusion but are key
stakeholders who anticipate and experience benefits and risks of All of Us participation in the here-
and-now. Building on findings from interviews with FQHC medical directors and CBO executive
directors prior to All of Us, we conducted two related qualitative research projects that inform our
understanding of organizational and community benefits of the All of Us Research Program. Interview
and focus group participants (n=10) from All of Us-funded and non-funded FQHC members of the
Association of Asian Pacific Community Health Organizations suggest that experienced and expected
benefits include resources for building IT and EHR infrastructure, improving patient portal access and
use, activating patients on their health conditions, and increasing opportunities for conducting
community-based research through partnering with local investigators. Interviews (n=16) with leaders
of minority health CBOs, citizen scientists, and patient-led researchers, suggest that supporting
communities to engage in big data research may be a welcomed ancillary benefit with impacts
beyond precision medicine. These potential impacts include more authentic relationships with
researchers and tangible benefits from community-led research that support advocacy and agency as
patients and communities. We conclude that while participants recognized the value of equitable
precision medicine based on the availability of more inclusive data, more proximal and practical
benefits appear to drive both interest and commitment to All of Us. Understanding and articulating
the full range of expected and unexpected proximal benefits and even risks of All of Us to FQHCs and
CBOs may support organizational commitments by clarifying its value, improve community
engagement including subsequent participant recruitment and retention, and demonstrate a
commitment to enduring partnership.
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In a recent policy statement on re-contact after revision of genomic results, the ACMG states that
responsibility for re-contact is shared between ordering clinicians, clinical laboratories, and patients,
and indicates that although there is an ethical obligation to attempt to re-contact patients with new
medically actionable results, the patient has the right to decline such re-contact. As our
understanding of the molecular basis of genetic disease increases, so does the likelihood of finding a
diagnosis through case-level reanalysis of previously non-diagnostic genomic tests. Studies estimate
that at least 60-70% of clinical exomes are inconclusive or negative after initial testing, and
subsequent reanalysis identifies a diagnosis in ~10-15% of cases. Thus, many clinical laboratories are
performing clinician-requested and/or laboratory-initiated case-level reanalysis on previously
completed non-diagnostic cases. Clinician-requested reanalysis (CRR) is often ordered at a follow up
visit, allowing the patient/family to affirm their interest in reanalysis and their understanding of
potential outcomes. In contrast, laboratory-initiated reanalysis (LIR) is usually instigated unbeknownst
to patients and clinicians as part of laboratory quality improvement efforts or routine reanalysis.
Although this method may be more streamlined and fruitful than CRR, it can be challenging due to the
resource requirements for variant analysis and results reporting. In addition, LIR can increase the
burden on clinicians to provide results, particularly if they are no longer in contact with the family,
and on families who may have to deal with complex emotional ramifications. The family may no
longer be seeking a diagnosis or may be facing medical/emotional struggles that outweigh the desire
for new information. Thus, while an increased diagnostic rate leads to improved medical management
and a shortened diagnostic odyssey, reanalysis can have disadvantages. Through surveys and/or
interviews with laboratory personnel and frequent orderers of genomic testing at CHOP, our
qualitative study explores laboratories’ and clinicians’ experiences with identifying, receiving and
sharing results from reanalysis.Our goal is to understand the impacts and identify potential
enhancements in processes and communication between the three groups. It is essential to balance
the improvements in diagnosis and medical care with the potential repercussions for clinicians,
families, and laboratories.
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Family burden, family resilience, and patient support group activities affect the adaptation for the
patients with rare genetic diseases and their family members.

In the current study, the relationships were assessed between variables that may affect family
adaptation for patients with rare diseases and their families and the mediating effects of family
resilience, and the moderating effects of patient support group activities between family burden and
family adaptation.

A survey of 245 patients with rare diseases and their families was conducted.

The results of the study can be summarized as follows:

First, regarding the links between family burden, family resilience, patient support group activities,
and family adaptation, a significant negative correlation was found between family burden, family
resilience, and family adjustment. A significant positive correlation was found between family
resilience, patient support group satisfaction, and family adaptation.

Second, regarding the comparison between rare disease groups, the group with neuromuscular
disorders and those having problems with treatment, prognosis, and management had a heavier
family burden and lower levels of family resilience and family adaptation. They also showed higher
levels of patient support group participation and satisfaction.

Third, the lower the level of family burden, the higher the level of family resilience and family
adaptation for patients and their families, while the higher the level of family resilience, the higher the
level of family adaptation for patients with rare diseases and their families.

These results can be utilized as basic data for defining guidelines and future perspectives regarding
support and the provision of higher-quality care at school, hospital, and national level. They will also
be helpful in improving family adaptation in the case of patients with rare diseases and their families,
as well as in developing educational programs to facilitate family adaptation.
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Vying for top talent in a tight labor market is difficult for employers as the economy grows and
competition increases. Thus, employee packages have started incorporating benefits called “genetic
wellness” as a result of an explosion of affordable genetic tests offering medically actionable insights.
Employers offering these benefits typically do not partner with genetic clinicians, but rather with a
single genetic laboratory offering a specific test. We describe an employee benefit program offering
medical genetics services through Genome Medical, a nationwide genomics medical practice, and a
proactive genetic screen for cardiac, cancer and other conditions. This program was offered during a
three-month timeframe with a registration cap of 200 employees. It included mandatory viewing of an
educational webinar of material typically discussed in a genetic counseling session. Employees were
required to complete a medical and family history questionnaire which was assessed by a certified
genetic counselor (CGC), and had the option of a pre- and/or post-test virtual one-on-one CGC session.
Genetic results were interpreted by a CGC in the context of each employee’s reported histories, and a
results-based clinical action plan was provided to each participant. 200 employees registered for the
program. 189 (95%) individuals watched the webinar. 181 (91%) completed the required
questionnaire. Only 25% requested a pre-test CGC session. 170 individuals pursued proactive
screening with some of the following motivations: understand a condition in family (42%), help family
members (14%), and/or take medical action (12%). 15/75 (20%) individuals were found to have
medically actionable genetic variant(s) for hemochromatosis, familial hypertrophic cardiomyopathy, a
hereditary cancer syndrome, and/or malignant hyperthermia. 74/170 (44%) individuals were found to
be a carrier for at least one condition. Only 20% of participants requested a post-test CGC session.
Satisfaction data indicated >80% of responding participants did not prefer an in-person pre-test CGC
session; 92% did not prefer an in-person post-test CGC session, program expectations were met in
92% of respondents and 91% found the program to be valuable. AImost 100% of respondents would
recommend this program to a coworker. Assisting employers in helping their employees obtain
personalized actionable genetic insights can be done in a responsible, scalable and efficient manner,
with a high rate of satisfaction.
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Background: In Shinshu University Hospital, three-staged careful genetic counseling (GC) is provided
on pregnant women for the decision whether or not to have amniocentesis for advanced maternal
ages (AMA): (1) pre-counseling session by certified genetic counselors (CGC) by phone or after
prenatal checkups; (2) GC by CGC, collecting detailed clinical and psychosocial information though
listening to their narratives; followed by GC by clinical geneticists with CGC, providing comprehensive
medical and social information and making free discussion about what is the value and true meaning
of the testing for the women and their husbands; (3) post-counseling session by CGC by phone or
after prenatal checkups. The purpose of this study is to demonstrate the prevalence of having
amniocentesis after such GC and factors influencing the decision whether or not to have
amniocentesis.

Materials and methods: Pregnant women receiving GC for AMA in our institute from April 2013 to
March 2019 were recruited. Detailed information mainly focusing on decision-making process was
collected through their medical records and thoroughly reviewed.

Results: In total, 230 pregnant women received GC: 102 (44%) had prenatal testing and/or screening
(amniocentesis, n=85; maternal serum screening, n=13; NIPT, n=3; and maternal serum screening
and amniocentesis, n=1) and the remaining 128(56%) did not. Among 85 pregnant women having
amniocentesis, one miscarried, and two had fetuses diagnosed with trisomy 21. In those who had
testing and those who did not, the median ages were both 39 years old, the median numbers of
previous pregnancies were both 1, and the median numbers of previous miscarriages were both 0. In
those who had testing, 24 (23.5%) had histories of infertility treatment, whereas, in those who did
not, 51 (39.8%) had these histories. Reasons for not choosing prenatal testing were described as
“refusal to terminate their fetuses” and “information that any pregnant women could be mothers of
babies with congenital disorders or handicaps and that there is sufficient medical and social support
system in Japan”.

Discussion: Sincere discussion based on comprehensive information through careful GC provided by
CGC and clinical geneticists in our institute might have been related to the low prevalence (44%) of
prenatal testing mainly consisting of amniocentesis, though experiences of infertility treatment might
have had some effects on the choices.
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While genomic sequencing (exome and genome- ES and GS) has the potential to diagnose children
with difficult to diagnose phenotypes, it demands a high level of parental involvement in
understanding and emotionally managing information, and engaging with healthcare providers. Thus,
objective measures to assess parental perspectives of sequencing are essential to optimize the
process and psychosocial outcomes. We present the preliminary validity and reliability of the Genome
Empowerment Scale (GEmS), developed using a theoretical model of healthcare empowerment. To
evaluate its psychometric properties, we enrolled 158 parents of 117 children with an undiagnosed
condition undergoing ES and/or GS. Parents completed the GEmS, measures for criterion validity and
for depression and anxiety. Using Principal Components Analysis with Varimax rotation, resulted in a
four factor solution: 1) Meaning of a diagnosis; 2) Emotional management of the process; 3) Seeking
information and support and 4) Implications and planning. Reliability and validity analyses
demonstrate that the GEmS has good psychometric properties. The Cronbach Alpha estimates ranged
from 0.83-0.67. We found reasonable standard error of measurements, temporal stability, and the
GEmS aligns with our targeted criterion measures providing preliminary evidence for convergent
validity. The inter-relationships among the four factors revealed a profile, which has the potential to
identify parents who may be at risk for a poorer outcome as well as areas that may benefit from
targeted genetic counseling interventions. As an objective measure of parental healthcare
empowerment for genomic sequencing, the GEmS can be utilized for future research and translational
applications.
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Human subjects research is a partnership. It cannot begin without the generosity and trust of
participants, and it will not be successful without researchers’ attention focused on their scientific and
clinical questions.

Participants expect to be acknowledged as interested parties as the project progresses. That interest
can extend to study results, their personal data, clinically relevant incidental findings in that data, and
derivative sample usage. Researchers recognize a duty to consider these expectations, but
considerable logistical and ethical concerns exist. These include ensuring the analytic and clinical
validity of data reported to individuals, supporting communication, education, data sharing and
clinical routing, capturing and honoring informed consent, and constraining costs.

Recent projects such as the All of Us Research Program have made great contributions to the current
thinking around human subjects research and genomic return of results. Here, we describe the
essential components of an integrated end-to-end platform for engaged population-scale research.
We describe our process to drive recruitment and participant engagement, the logistics and
laboratory infrastructure, and clinical validation and return of results for several studies, including two
StandUptoCancer Dream Teams: MAGENTA and GENERATE.

The Color web-platform provides customizable study-specific landing pages, supports consent and
data gathering workflows, and scheduled interactions to engage the participants over the course of
the study. Integrated logistics support distributed sample collection and tracking. Our state-of-the-art
CLIA/CAP next-generation sequencing laboratory provides efficient and affordable data assets,
including clinical, deep whole genome sequencing (WGS), research-grade low-coverage WGS, and
customized analytics. Finally, the clinical infrastructure ensures that incidental findings are confirmed,
clinically interpreted using best practices, and returned to participants and their healthcare provider
using clear language, and supported by Color’'s Genetic Counseling service.

Taken together, Color’s research platform powers responsible and efficient large-scale research
studies by fully supporting a clinically valid return of results component. Our unique capabilities to
provide software innovations and educational opportunities ensures the success of studies in the eyes
of the researchers and coordinators as well as those of the studies’ participants.
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Background: Inherited retinal dystrophies (IRDs) are genetically heterogeneous, with over 250 genes
identified to cause autosomal dominant (AD), autosomal recessive (AR) and x-linked (XL) disease. For
families with multi-generational retinal dystrophy, AD or XL inheritance is initially considered. When
initial analysis does not identify a likely causative variant in an AD or XL gene, other genetic
explanations are considered including new disease gene or a non-coding mutation in a known IRD
gene. Before considering these possibilities, AR inheritance in all affected generations should be
considered as multiple pathogenic alleles of the same gene may be involved. To determine the
prevalence of AR mutations as causative of pseudo-dominant IRD, a cohort of patients with a known
family history of retinal disease was genetically analyzed. Methods: Next-generation sequencing
(NGS) of over 250 known IRD genes was performed for > 1000 IRD probands. Clinical diagnosis was
based on a complete ophthalmic evaluation. In probands with a reported multi-generational family
history of retinal disease and no pathogenic or likely pathogenic variants in known AD or XL disease
genes, an AR explanation of disease was considered. Targeted NGS was performed on available
family members, which included copy number analysis.

Results: We identified 8 pseudo-dominant families with multiple generations of AR disease. In 5
families with macular degeneration the disease was due to mutations in ABCA4. In multiple families,
the common pathogenic mutation p.(Gly1961Glu) was identified, which has an allele frequency of
0.0046% in gnomAD (10 homozygote reported). In one family, where disease was due to mutations in
BBS1, the common mutation p.(Met390Arg) was involved, which has a gnomAD allele frequency of
0.0016%. Finally, we identified two families in which the family history was suggestive of XL disease
or AD disease with reduced penetrance, and yet causal mutations in C2orf71 and ABCA4 were
identified. Conclusions: Mutations in AR genes are an important cause of IRD in families with multi-
generational disease. Certain AR pathogenic mutations can be relatively frequent in the general
population, thus contributing significantly to pseudo-dominant inheritance. Given the high carrier
frequency of some disease-causing IRD alleles, the re-occurrence of AR may be higher than initially
estimated, which needs to be considered during genetic counseling of probands with AR disease.
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The rapid evolution of DNA sequencing technologies has escalated the detection of genomic variants.
However, a variant or gene’s relationship to disease may still be unclear, making variants of uncertain
significance (VUS) commonplace. VUS results can be challenging for genetic counselors and patients
alike. One aim of the NIH-funded Clinical Genome Resource (ClinGen) is to establish the clinical
validity of gene-disease relationships for use in genomic medicine and genetic counseling. Per
ACMG/AMP sequence interpretation guidelines, an established gene-disease relationship is necessary
to determine a variant’s pathogenicity, and without such, a variant should only be classified as a VUS.
To date, 743 gene-disease pairs have been curated by ClinGen; a gene can be curated for more than
one disease. Here, we report on clinically reported variants in gene-disease pairs with limited,
disputed, refuted, or no reported evidence that were shared by participants in GenomeConnect, the
ClinGen patient registry, to characterize how variants in such genes have been reported.

Of 969 variants evaluated, 1.5% (n=15) were in a gene-disease pair that ClinGen curated as limited,
disputed, refuted, or no reported evidence. Of these variants, the majority were reported as a VUS
(n=14) and one was reported as pathogenic. These variants were reported via disease specific panels
(n=10), familial cascade testing (n=1), or exome sequencing (n=4). Variants reported via disease
specific panels or familial testing were likely assumed to have a clearer disease association by the
laboratory given the testing type. From exome, none of the variants detected were described as being
in genes of uncertain significance, meaning the laboratory likely thought there was a disease
relationship. Overall, the way these variants were reported suggests that they were classified based
on the data available regarding the variant alone, and not due to the gene-disease relationship. This
indicates that variants in genes curated by ClinGen as having little or no evidence may be reported as
though they are disease causing. Pairing a gene’s relationship to disease and the strength of that
relationship impacts genomic medicine by informing multiple parts of the genetic counseling process
including test selection, counseling for a variant’s significance, and familial cascade testing. An
understanding of how genes with limited or no evidence are being reported can inform genomic
medicine moving forward.
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Background: Genetic counseling (GC) is an important component to help individuals understand
genetic testing results and their implications for their medical care. GC is often provided through in-
office consultation. However, as genetic testing continues to become more affordable and accessible,
the field must re-evaluate how to deliver high-quality, scalable GC across diverse populations. Color
has provided telephone-based GC to over 15,000 individuals, including 1048 individuals from 51
countries outside the US. Here, we present two case studies on GC in two very different international
settings: United Arab Emirates (UAE), a well-resourced, digitally savvy, country with a total GDP of
$432.612B, and Trinidad and Tobago (T&T), a less well-resourced country with a total GDP of
$22.438B.

Methods: The T&T cohort received genetic testing with a 30-gene NGS panel for hereditary cancer
that was offered through a high-risk study. The UEA cohort received genetic testing for hereditary
cancer risk as well as a 30-gene NGS panel for hereditary cardiovascular disease that was offered as
an employee benefit. In both cohorts, GC was conducted by telephone, with translation services
available. Color GCs also met with healthcare providers (HCPs) from T&T and UAE to better
understand their healthcare systems to ensure cultural competency.

Results: In the T&T cohort, 141 individuals received GC, 16% had a positive result. 99% were female,
and the majority were age 35-64 years. Many individuals did not have consistent access to email or a
computer, and as such, consults were scheduled by telephone. Results and notes from GCs were
emailed or sent via post. In the UAE cohort, 52 individuals received GC, 85% had a positive result.
42% were female, and the majority were age 25-44 years. In contrast to the T&T cohort, all
individuals in the UAE cohort had access to email or a computer and were able to schedule consults
and view results online. In both cases, all GC was delivered successfully.

Conclusions: Providing GC in an international setting requires consideration of the unique needs of
each country including time zone and language, as well as cultural competency. Leveraging
technology can help enable access to high-quality genetic counseling in countries with disparate
levels of healthcare. Finally, building partnerships with local HCPs is crucial to ensure a warm handoff
for individuals, particularly those with a positive result to receive appropriate follow-up care.
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Recent studies have found that despite clear guidelines, patients are under referred for genetic
counseling for hereditary cancer risks (Childrers et al 2017). However the impact of low referral is
further compounded by low uptake of genetic counseling among those who are referred. Published
data suggests that in the majority of studies uptake of referrals for hereditary cancer counseling is
less than 50% (7.3% to 44%) (Niendorf et al 2016, Kne et al 2017, Rahm et al 2007). Here we
describe our approach to referrals, data on patient follow through and proposed opportunities for
improvement. Genome Medical, a nationwide telegenetic service, contracted with a large health
system to provide cancer genetic counseling services. To date, we received 407 referrals in an 11
week period. All patients were referred to genetics within the health system previously, but due to
staffing shortages did not see a genetics provider. Some referrals were up to 12 months old. All
patients referred to Genome Medical were contacted within one week of receiving the referral to
attempt to schedule. Two different approaches were taken to this outreach. For the first six weeks
patients received a phone call, followed by two emails, all 24 hours apart with 49% of referred
patients scheduling. In order to try to increase follow through, the outreach approach was adapted for
the following five weeks, with patient’s receiving two emails followed by a phone call over a one week
period. In total, 207/407 (51%) of patients referred chose to schedule an appointment and 93% of
scheduled patients completed their appointment. No statistically significant difference in the uptake
of appointments was observed with the change of approach. Additional work is needed to evaluate
barriers and to drive further uptake of referrals. Barriers under investigation include: time since
original referral for genetic services; understanding of the reason for referral or perceived utility;
concerns regarding cost; completion of a genetic counseling visit elsewhere, and discomfort with
telemedicine. Potential interventions to improve uptake include: decreased time between initial
referral and first point of outreach; additional education about the cost of the appointment and utility
of genetic counseling; and improved ease of use.
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Background: Despite the rapid increase in genomic sequencing, there are few practical
recommendations to guide healthcare systems (HCS) when returning unsolicited or unanticipated
genomic results. One aim of the 3™ phase of the electronic Medical Record and Genomics Network
(eMERGE3) is to understand the implementation of genomic medicine by sequencing over 100 genes
in 25,000 participants and returning the results of actionable variants to consenting participants and
their health care providers (HCP). We sought to compare the return of results (RoR) protocols at the
eMERGES3 sites with the goal of developing recommended RoR guidelines for HCS.

Methods: Each of the 10 eMERGES3 sites independently developed processes for RoR and discussed
the plans as part of the eMERGE3 RoR Workgroup. The Consolidated Framework for Implementation
Research (CFIR) was used to characterize the planned RoR processes at each site and to compare
these plans across three essential domains: disclosure to the participant, notification of the health
care provider, and integration of results into the electronic health record (EHR).

Results: A high degree of variability in RoR protocols was found across the 10 institutions. 8 sites
enrolled adults and 2 sites enrolled pediatric participants, and most planned on returning the
pathogenic or likely pathogenic results from the genes on the eMERGE platform. Three main RoR
pathways were identified, with half of sites (n=5) planning to disclose to the participant, followed by
HCP notification and uploading to the EHR. Three sites planned to disclose to the participant, followed
by EHR uploading and then notifying the HCP, and 2 sites uploaded to the EHR, then notified the
participant and the HCP. Modifications were made in all three pathways during the initial stages of
eMERGE3 to accommodate unusual or unforeseen events, including participant death, loss of contact,
sample integrity, gender mismatch and variant mosaicism.



Conclusion: The RoR processes in the eMERGE3 network are heterogeneous and reflect the “real
world” of genomic medicine in which RoR procedures are shaped by the needs of the patients and
institutional environment. This study provides early empirical evidence about the structure and
framework of the RoR process that can be used by HCS considering genomic medicine programs and
for future studies examining the implementation of genomic data in healthcare.
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Introduction

Gene editing technology is one of the new technologies useful for genomics research and therapy.
Despite the ethical and safety concerns that needs to be addressed, its rapid wide spread by
scientists, drug companies and the general public enthuse overs its potential benefits. In this study,
we evaluate the perspective of Nigerian health care providers, bioethicists and researchers on the use
of germline editing technology.

Methodology

We utilized the consensus opinion summarized by Professor Charis Thomson of the proceedings at the
International Summit on Human Gene Editing to develop questionnaire on attitude to genome editing.
After a brief introduction to the technology, we asked Nigerian scientists, health care providers,
bioethicists and researchers how much they agreed with the consensus opinions using Likert scale.
The questionnaires were distributed both directly and electronically (Surveymonkey, Twitter and
Facebook) to respondents. We analyzed our responses using Stata®.

Findings

There were 85 respondents, mean age (SD) of 34.4 (8.6) years and almost half were doctors (49.4%)
while others were researchers, nurses, medical laboratory scientists and others. Some 57.0% (49 of
85) had no previous knowledge of gene editing technology. Most 85.9% agreed or strongly agreed
that gene editing can be used to eliminate serious genetic conditions if it is likely to be safe and
effective. 59.5% of the respondents support or strongly support placing a moratorium on gene editing
technology while the technical issues are resolved, 21.4% disagreed or strongly disagreed. Some
63.1% support or strongly support placing a moratorium on gene editing technology for ethical
reasons while 19.1% disagreed or strongly disagreed. Some 41.2% disagreed or strongly disagreed
with trusting scientists to take decisions on when to use gene editing technology while 25.9% were
neutral and 32.9% were willing to trust scientists.

Conclusion

Majority of the Nigerian health care providers, scientists and bioethicist had no awareness of gene
editing technology but accepted its use after a brief education and under different circumstances.
Most of them wanted a monotarium on its use until technical and ethical issues are resolved. Minority
were willing to trust scientists alone to take decisions on the use gene editing technologies.
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We present a case of a prenatal detection Turner's syndrome in pregnancy with increased risk of
trisomy 21 (1: 20, NT 6.9mm, maternal age 35 years). Amniocentesis was performed, fetal karyotype
was 45,X [28]/46,XX [22] (56% of monosomy X) . The mother decided to continue her pregnancy.

The child was born at 33 + 5 wg for pathological CTG, was hypoxic postnatally, and required 48 hours
oxygen therapy. Small coarctation of aorta was detected during newborn screening, conservative
approach was recommend by cardiologist. No other congenital malformations were found, further
postpartum adaptations was uncomplicated.

Postnatally following investigations were performed on cells from three germ layers utilizing

G banded karyotype on 50 metaphases from peripheral lymphocytes. FISH cells obtained from three
different germ layers: uncultivated lymphocytes from peripheral blood (mesoderm), buccal smear
(ectoderm) and smear from the root of the tongue (endoderm). FISH examination of 250 nuclei with
centromeric probes (Cytocell).

Results:

Karyotype: 45,X [2]/46,XX [48] (4% of monosomy X)

FISH native peripheral blood (mesoderm): ish (DXZ1x1)[34]/(DXZ1x2)[216] (13.6% of monosomy X)
FISH buccal smear (ectoderm): ish (DXZ1x1)[60]/(DXZ1x2)[190] (24% of monosomy X)

FISH root of the tongue (endoderm): ish (DXZ1x1)[23]/(DXZ1x2)[227] (9.2% of monosomy X)

The karyotype still represents gold standard for determination of numerical chromosomal aberrations.
In case of mosaic finding the proportion of abnormal cells may differ according to the method used
and to the tissue examined. In case of monosomy X the proportion of monosomic cells may appear
non significant (less than 5%) but expanded testing as demonstrated above may reveal much larger
proportion of monosomic cells with an outcome for genetic counselling and further management.

Early diagnosis of Turner syndrome enables timely multi-disciplinary follow-up, which includes an
endocrinologist (growth and puberty monitoring, growth hormone therapy), cardiologist, psychologist
and pregnancy planning.

Supported by MH CZ - DRO (FNOI, 00098892)
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Purpose: As a common practice, daytime napping has been taken worldwide. However, it is still
controversial as to whether daytime napping is beneficial for our health since some studies unveil its
function in improving memory and cognitive abilities while others demonstrate its deleterious effects
on metabolism. Thus, We have performed a pan-phenotype mendelian randomization analysis to
detect all the potential phenotypes that are in a causal relationship with daytime napping and finally
reveal the important role daytime napping play in health.

Methods: Mendelian randomization, a randomized trial based on Mendel’s law of inheritance, was
utilized to grope for the potential causal links. The data source came from UK Biobank repository,
whose participants aged from 40~69 years old. A high throughput method was developed to deal with
it. In addition, a false discovery rate was employed to add power to our multiple statistical tests.
Results: Our findings have unveiled the causal relationship between daytime napping and other five
categories of phenotypes including metabolism, psychiatry/pain, anthropometry, lifestyle and blood
count among adults. The daytime napping can raise the both systolic (B=0.207, Se=0.053, IVW P
value=9.98x10", FDR=2.89x10") and diastolic (B=0.226, Se=0.056, IVW P value=4.67x107,
FDR=1.95x107?) blood pressure, along with elevating the body fat percentage (B=0.234, Se=0.054,
IVW P value=1.37x10°, FDR=1.11x10") including arms, legs and trunk. In addition, increased daytime
napping frequency can make people feel more tired and lethargic (=0.266, Se=0.047, IVW P
value=1.32x10°, FDR=2.99x10") as well as decrease the daily activity, for example lowering usually
walking pace (B=-0.157, Se=0.027, IVW P value=4.22x10"°, FDR=1.19x10"). Moreover, there exists
direct evidence that increased daytime napping frequency can lower overall health rating (=0.156,
Se=0.041, IVW P value=1.21x10", FDR=3.13x107), a phenotype in UK Biobank.

Conclusion: Generally, daytime napping can be denoted as a kind of addictive behavior for adults
since it can trap nappers into a vicious circle, where an increased daytime napping frequency can
cause increased tiredness and lethargy, resulting in more daytime napping in turn. Moreover, such
addictive behavior has a detriment effect on metabolism, potentially leading to cardiovascular
diseases.
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The first human genome sequence was established at the beginning of the third millennium. Since
then advanced life sciences has been shaping economy, societies, bodies and mind. Globally,
biodiversity is concentrated around the equator, but the scientific institutions generating DNA
sequence data tend to be clustered in developed countries. A lack of funding and insufficient scientific
knowledge of the governments, the financial, technical and logistical difficulties are major hurdles to
establish medical laboratories and producing DNA sequence data in the developing countries.

Here, we introduce our case for North Cyprus in illustrating the problems of adjusting to the ‘new
molecular bioscience’, since it is an example of a developing country that is striving to progress from
an agrarian to an educational and research technology development society.

Cyprus, which is the third largest island in the Mediterranean Sea, has been at the crossroads of
multiple civilizations throughout human history. Today, Turkish Cypriots are located in the de facto
state that comprises the northeastern portion of the island of Cyprus. North Cyprus is recognized only
by Turkey. Due to its lack of recognition, ~350.000 population of Northern Cyprus is heavily
dependent on Turkey for economic, political and military support.

Despite being unrecognize, Near East University greatly contributes the economy and its recognition
by placing thousand of international students in North Cyprus. Recently, the university have been
concentrating on research and development. Since 2015, molecular medicine laboratories have been
established as well as molecular medicine postgraduate program to generate scientists which having
many international students in the program. Currently, basic molecular techniques are quite well
established.

In the laboratory, novel disease-causing mutations were identified and many cases were unsolved.
Lack of genetic databases in the region, the laboratory set up the capacity to produce DNA sequence
data expands the number of contributors to DNA sequence databases, which is beneficial for science
generally and may be helpful for any number of bioinformatic analyses.

Our data is not only helping us to contribute population specific allele frequencies of variants, it also



strengthens scientific institutions in the country. In conclusion, our establishent and success raise
awarenes of the North Cyprus government and address the importance of education and research.
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Introduction/Background: In the era of transparency, big data, and expansion of
genetics/genomics (G/G) technologies into learning healthcare systems—communication of individual
findings to patients who donate biospecimens for clinical research is an emerging area of health
policy focus.

Problem Statement: Non-CLIA laboratory results, tests with uncertain value, tests lacking sufficient
analytic and clinical validity, clinical utility, and regulatory compliance represent multiple competing
stakeholder priorities for Institutional Review Boards (IRBs) when assessing plans for the return of G/G
research test information to patients. Recent initiatives such as the NIH Precision Medicine Initiative
All of Us and the NHGRI's electronic Medical Records and Genomics (eMERGE) Network provide
exemplars of delivering individual G/G results to patients within the context of Institutional Review
Board (IRB) oversight and funding mechanisms affiliated with major tertiary care facilities. However
ethical, legal social and policy (ELSI) implications are presented when expanding similar efforts into
community health care hospitals and systems which lack comparable institutional infrastructure
capable of supporting complex laboratory, regulatory, clinical research, data management, and
governance oversight requirements.

Methods: A focused review of the literature concerning the return of individual G/G research results
was conducted. Available IRB translation resources and interventions for community hospital network
settings were identified. A simplified evaluation and implementation framework specific to the level of
IRB policy, IRB protocol review, and return of individual G/G research results was conceptualized.

Conclusion: Critical logistical elements of IRB oversight for genomic medicine research protocols that
involve individual return of G/G research tests in community hospital and network settings need to be
simplified to be compatible with available resources.

Recommendation: As Precision Medicine translation initiatives grow beyond academic medical
centers and diffuse into more limited-resource community health care settings, efforts should be
made to develop scalable IRB implementation frameworks for smaller hospitals and health care
systems that are not excessively burdensome.
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Population-based genetic screening can be a valuable screening tool for relatively common genetic
risk conditions such as hereditary breast and ovarian cancer (HBOC). However, underlying the
assumption that screening the general population is effective is the premise that the vast majority of
screened individuals will take consistent and persistent recommended actions regarding positive
findings, starting with reporting such findings to their healthcare providers.

We report here our early findings on the follow-up of genetic carrier status into the medical records of
population-based genetic screening participants. As part of the Healthy Nevada Project (HNP) in
Northern Nevada (Renown Health, Reno), 23,713 unselected participants underwent independent
clinical exome sequencing from March 15 to Sept 30, 2018 (135 HBOC, 46 Lynch syndrome (LS), and
117 familial hypercholesterolemia (FH) carriers). Overall, 243 of the carriers had populated medical
records with Renown and for 177 (78 HBOC, 33 LS, 66 FH) of carriers, genetic findings were delivered
by qualified Renown physicians or outside genetic counselors. Medical record diagnoses were
retrieved at a minimum period of three months after delivery of findings. Twenty-one of HBOC carriers
had an appropriate diagnosis code (ICD9/10) documenting the genetic finding in their medical record
and for 13 (18.6%), HNP testing was the precipitator of the documentation. Five of LS carriers had an
appropriate ICD code, two (6.7%) of which were contributed due to HNP testing. Twelve of the FH
patients had an appropriate ICD code, 10 of which were in response to HNP testing (15.6%).

Our results underscore the potential of population-based genetic screening for broader identifications
of individuals at risk and likely under-represent the rate of provider notification by participants.
However, the setting of the HNP in northern Nevada is unique, with Renown being the dominant
primary care provider. Therefore, the low rate of diagnostic documentation in Renown’s medical
records may have implications regarding the effectiveness of voluntary, independent population-
based genetic screening, even for life threatening conditions. We plan to review these findings on a
periodic basis and survey HNP participants for the actual rate and reasons for non-reporting of genetic
findings. Such feedback is essential to maximize the value of independent population-based genetic
screening as a preventive tool.
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Everyone carries genetic variants that influence disease risk, but it is unknown how these variants
influence healthcare costs at a population level. To address this, we conducted a genome-wide
association study (GWAS) on healthcare utilization with further focus on common and rare variants
that influence human traits. Because actual healthcare costs may differ by who is paying, what is
actually recovered, and can vary dramatically by service and institution, we calculated a Medicare
Risk Adjustment Model (MRAM) score as a proxy. MRAM is a standardized model developed by
Centers for Medicare & Medicaid Services designed to predict future costs and is used to set
premiums for Medicare insurees. MRAM scores were calculated for nearly 20,000 Medicare eligible
individuals across eight separate healthcare systems that participated in the eMERGE Network. Input
variables for MRAM scores include International Classifications of Disease Codes, age, and sex.

Using a linear mixed model from GCTA, approximately 3.8% of the predicted variance for MRAM
scores was explained by thousands of common variants known to be associated with human traits
according to the GWAS Catalog. This is compared to 14.3% of the predicted variance explained by the
genome. No single common variant reached genome-wide significance. Conversely, multiple
statistically significant associations passed a conservative experiment wise Bonferroni correction
when focusing on known trait specific variants. For example, when evaluating 263 rare non-
monomorphic variants associated with predominantly Mendelian disorders, a genotype consistent
with alpha-1 antitrypsin deficiency (AATD) was associated with healthcare utilization (P=1.89e-4).
Those diagnosed with AATD often had costly liver and lung ailments (e.qg., liver transplants) based on
manual review of medical records. Moreover, when generating weighted polygenic risk scores (PRS)
for 735 common traits, education status (P=1.76e-5) was significantly associated with MRAM scores.
Several other phenotypes approached statistical significance including type Il diabetes (P=9.58e-5)
and obesity (P=1.31e-4).

In conclusion, these results emphasize that both common and rare variants contribute to healthcare
utilization at the population level. Importantly, these results also underscore the importance of
maintaining and strengthening legislation, such as the Genetic Information Nondiscrimination Act, to
protect all since everyone carries disease risk alleles.
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Background: Patient recall, or a patient’s ability to recollect pertinent medical information, is key to
an effective patient-provider communication and adherence to prevention and treatment plans.
However, multiple studies report that up to 40-80% of patients are unable to recollect information
from their medical encounters. To improve patient engagement with their genetic results, Color offers
‘Discovery’, a platform that engages clients and provides them with non-clinical genetic insights such
as ancestry, bitter taste perception, lactose intolerance, and alcohol flush response. In this study, we
sought to assess the impact of Discovery on engagement with clinical results after genetic testing.

Methods: We analyzed de-identified data from a consecutive cohort of 12,410 Color clients who
consented to participate in research. Clients received a clinical report from Color for genetic risk
associated with hereditary cancer, hereditary cardiovascular disease, or medication response.
Engagement metrics included the following actions: viewing a clinical report for the first time, re-
reviewing an existing clinical report, downloading a clinical report(s), and sharing a clinical report(s)
with their healthcare provider.

Results: 25.3% of clients in the cohort opted to participate in Discovery. Of these, 91.8% viewed at
least one and 70.3% viewed at least six non-clinical genetic trait insights. Within 30 minutes of
viewing their trait insights, 28% of Discovery participants re-reviewed at least one clinical report for
hereditary cancer, hereditary cardiovascular disease, or medication response. 98.0% of Discovery
participants viewed their clinical report(s) within 30 days after their release, as compared to 93.6% of
non-Discovery participants. Discovery participants were also more likely to re-review their clinical
report(s) after their initial view (70.6 vs 47.9%), share their clinical report(s) with their healthcare
provider (8.9% vs 5.0%), and download their clinical report(s) (21.1 vs 16.2%).

Conclusion: Color Discovery is an effective engagement tool that prompts participants to take
clinical actions such as reviewing, downloading, and sharing their clinical reports with their healthcare
provider. Overall, Discovery participants took more clinical actions than non-Discovery participants.
Our results demonstrate that this engagement platform may be an effective way to engage clients to
drive better medical information recall and ultimately, adherence.
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Background: With increasing availability of whole genome sequencing (WGS), it is crucial to examine
its economic impact in ways that consider the personal utility it may provide. Willingness to pay (WTP)
is @ common approach to measure personal utility, but its use to assess genomic testing raises
concerns about whether valid data can be collected from people who are unfamiliar with the
technology. To address this, we collected WTP data from patients who did or did not receive WGS in
randomized trial.

Methods: The MedSeq Project was a randomized clinical trial of WGS. Adults from primary care
clinics (mean age 54, 58% female) and from cardiology clinics with cardiomyopathy diagnoses (mean
age 55, 43% female) were randomized to review family histories alone or with WGS. Prior to and 6
months after receiving reports, participants stated the maximum amount they are willing to pay for
WGS, as well as their likelihood to pursue WGS via insurance- or self-payment on 4-point scales.
Analyses determined WTP changes over time and variation by experience.

Results: At 6 months, the mean likelihood to pursue WGS if insurance covered payment was 3.5 on a
4-point scale, and ratings did not differ between participants who did and did not receive WGS
(p=0.72) or change from baseline (p=0.41). The mean likelihood to pursue WGS through self-payment
was 2.3 on a 4-point scale, lower than the likelihood if insurance paid (p<0.001). Ratings for self-pay
did not differ between participants who did and did not receive WGS (p=0.73) or change from
baseline (p=0.26). Six months after receiving care, WTP decreased an average of $532 from baseline
(p<0.001). Changes in WTP did not vary between those who did and did not receive WGS (p=0.41).
Analyses restricted to participants who received WGS showed no associations between identification
of monogenic disease risks or polygenic risk predictions and changes in WTP or likelihood of pursuing
testing.

Conclusions: Participants were willing to pay less for WGS after participating in the MedSeq Project,
although changes did not appear to be affected by the experience of WGS. Participants rated their
likelihood to pursue WGS the same at the end of the study as at enrollment, even if they had to self-
pay for testing. Findings suggest that researchers can collect valid assessments of WTP even if
individuals do not receive WGS. Future work will explore reasons why WTP for WGS decreased.
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This study examined parental perspectives across several dimensions and how they may differ by
sociodemographic factors in a targeted genetic testing, research setting. The aim of the study was to
determine differences and associations in perspectives in a baseline survey, prior to return of results
from a targeted sequencing panel, enriched for genes on the American College of Medical Genetics
incidental findings panel. These results are intended to be used to promote health utilization for
genetic testing and other healthcare services centered on the child and their family.

Participants completed an online self-reported survey focused on challenges faced in and the impact
on participants of return of results, specifically attitudes to testing, family sharing, decision conflict,
feelings about genomic results, information seeking, privacy, as well as a range of health/psychosocial
outcomes. Sociodemographic parameters were collected as well for comparison purposes.

Ancestry affected responses for attitudes toward genetic testing, family sharing and information
seeking. The health status of participants and/or their children affected responses for attitudes toward
genetic testing, information seeking, privacy concerns and literacy. Information seeking was different
in groups based on sex and religion as well. Attitudes toward genetic testing were more favorable in
participants with a lower education level. Learning written medical information differed by religiosity,
income, education, self-reported health and insurance. Confidence about filling out medical forms
varied by income level and presence of a genetic disorder in participants or their children.

Overall, participant attitudes were favorable towards research genetic testing. Sociodemographic
differences observed in literacy, privacy, and information seeking survey questions could guide
educational materials and practices used to personalize genetic counseling sessions.
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Non-invasive prenatal testing (NIPT) is the most accurate prenatal screening test that is used to
screen for common chromosomal anomalies including Down syndrome (DS). NIPT can be done from
8-10 weeks gestation with a simple blood test which makes use of cell free DNA in maternal plasma. It
is recommended that all women undergoing NIPT receive adequate pre-test counselling. Currently in
South Africa, NIPT is only available in the private health care setting. Very little qualitative research
has been performed to understand the experience and psychological impact of NIPT. This study aims
to explore the experiences of women who have undergone NIPT in a private health care setting in
Cape Town, South Africa.

This study used a qualitative exploratory design, which allowed for investigation of the topic. The
sample population includedwomen who had NIPT in a private health care setting in Cape Town.
Participants were recruited through private practice genetic counsellors (GCs). Semi-structured
interviews were conducted to collect the research data. Interviews were recorded and transcribed
verbatim and the data was analysed using thematic analysis.

A total of 10 participants were interviewed, all received low risk NIPT results. Five themes were
identified in the data namely, ‘It’s not just a DS test’, ‘Emotional rollercoaster’, Making the choice’,
‘Support’ and ‘Genetic counselling’. There are medical and emotional consequences of NIPT which
may be more complicated than traditional prenatal screening. Women were anxious to learn of their
‘increased risk’ for chromosomal abnormalities, particularly those other than DS. The early timing of
NIPT and information it could provide were factors valued by all women in decision-making.
Participants' initial anxiety was followed by reassurance. Women equated this reassurance with the
reliability of diagnostic testing and often extended it to the overall health of the fetus. Sex
chromosome testing was poorly understood. Most women did not initially disclose their increased risk
with family and friends due to the tentative nature of the pregnancy. Women all had some external
support but also relied on their own resilience. As mothers, they felt responsible for the health of the
fetus. Genetic counselling helped contextualise risk, disseminate information and provided emotional
support.

This data provides healthcare professionals with some insight into how they can implement a better
NIPT service.
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Public involvement in research occurs when the public, patients, or research participants are actively
contributing to the research process. Public involvement has been acknowledged as a key priority for
prominent human genomics research initiatives in many different countries. However, to date, there
has been no detailed analysis or review of the features, methods, and impacts of public involvement
occurring in human genomics research projects worldwide. We reviewed the reported public
involvement in 96 human genomics projects (initiatives), based on a database of initiatives hosted by
the Global Alliance for Genomics and Health, according to information reported on public domain
websites. To conduct the scoping review, we applied a structured categorization of criteria to all
information extracted from the search.

We found that only a third of all initiatives reported public involvement in any capacity (32/96, 33%).
In those reporting public involvement, we found considerable variation in both the methods and tasks
of involvement. Some noteworthy initiatives reported diverse and comprehensive ways of involving
the public, occurring through different stages of the research project cycle. Our findings suggest there
would be intrinsic value in having more public involvement occur in human genomics research
worldwide. We also suggest that more systematic ways of reporting and evaluating involvement
would be highly beneficial, to help develop best practices.

We are now working to apply these findings to four prominent genomics research projects in
Australia, to co-design their studies and explore people’s views about involvement. These projects
include a large cohort study of >15,000 healthy, elderly research participants, the Australian
Indigenous Precision Medicine project, a group of patients and families affected by a rare
immunological disorder, and an extended family of donor-siblings who share the same sperm-donor
father. We have assessed the impacts of involving people at various stages of each project, from
study design, to recruitment to ethical oversight and governance. We have created a standardised
reporting framework to evaluate impacts across these studies.
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Some critics of prenatal genetic testing have argued it is primarily used to enable elective
terminations. Yet many women and families say they choose prenatal testing for a very different
reason: “preparation.” Although literature on prenatal testing often cites preparation as a reason
genetic tests are offered or accepted, this concept is not well researched, and no clear definitions or
recommendations exist for prenatal preparation. Here we compare “preparation” as it is used in
clinical literature with a qualitative study of parental experiences after prenatal diagnosis of
aneuploidy. Semi-structured phone interviews explored the experiences of 29 participants who
received a prenatal diagnosis of trisomy 18 (n=14) or trisomy 21 (n=15) three or fewer years ago,
recruited via national patient advocacy groups. Data were analyzed using an approach based on
grounded theory and constant comparative analysis. Our extensive literature review found that
preparation has been used to refer to at least 3 overlapping ways in which prenatal information may
change parents’ approach to the rest of the pregnancy: (1) clinical activities during or immediately
following pregnancy; (2) social and informational support, including interactions with support groups;
and (3) psychological adjustment to a revised vision for the future child and family. In interviews,
parents discussed many of the same themes, but characterized and prioritized them somewhat
differently. Practical activities reported during pregnancy did include clinical decision-making, but also
included modifying pregnancy and delivery plans to accommodate personal and family needs,
especially when fetal or newborn death was likely. Connecting with other parents with similar
experiences took priority for most interviewees, and a lack of timely referral to such connections was
one of the most frequent disappointments the interviewees voiced about their clinical providers.
Finally, psychological preparation included not only individual re-visioning of the future, but also
carefully planned communication strategies with friends, extended family, and other children. In
assessing clinical providers, parents prioritized support for values-based decisions throughout
pregnancy over clinical knowledge. These findings provide insight into the experiences of families,
suggest actions providers can take to improve patient care, and inform ethical conversations about
the translation and scope of prenatal genetic tests.
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The Program in Prenatal and Pediatric Genomic Sequencing (P3EGS) at UCSF is one of six sites in the
NIH-funded Clinical Sequencing Evidence-Generating Research (CSER) Consortium studying the utility
of integrating genomic sequencing into the clinical care of diverse and medically underserved (MU)
patients. The pediatric arm of P3EGS is currently enrolling patients presenting with intellectual
disability, metabolic disease, epilepsy, or multiple congenital anomalies.

Since recruitment began in October 2017, we have enrolled 217 children and their biological parents
from three hospitals in San Francisco and Oakland, California, that serve diverse and MU
communities. 87% of participants have MediCal (CA’'s Medicaid program) and about one third live in a
zip code classified as a MU area. 53% of parents self-identify as Hispanic/Latino(a); 13% as white;
12% as Asian; 8% as Middle Eastern or North African; 5% as Black or African American; 2% as other
groups; and 7% as more than one race/ethnicity category. The preferred language of almost half
(47%) of enrolled families was a language other than English. Informed consent and results have been
communicated via medical interpreters in Spanish, Farsi/Dari, Arabic, Punjabi, Mam and others.
Exome results have been returned to 134 families with 37 definitive/probable positive results (28%).
176/217 (81%) of families requested return of secondary findings and 3/176 (1.7%) received positive
secondary findings.

During the implementation of P3EGS we addressed several challenges that arose in the process of
conducting research with diverse and MU populations. One eligibility criterion is a non-diagnostic
microarray, which may not be covered by insurance (especially MediCal), and can require multiple
clinic visits. We established a process to obtain pre-authorization for microarrays in order to minimize
visits and reduce burden on families. We also adapted our consent form to accommodate lower
literacy and non-English speaking populations with a focus on concise, simple language around
complex data sharing policies. Lastly, we incorporated flexible survey administration procedures that
offer families a choice of completing surveys in-person, through mail or e-mail, thereby minimizing
the burden on participants. While offering exome sequencing to MU populations presents unique
challenges, our preliminary results show that P3EGS is effectively enrolling and addressing the needs
of a wide range of patients and their families.
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Existing recommendations for clinical genomic sequencing include screening for secondary findings
that may be unrelated to test indications, and many advocates envision a future where results are
used routinely not only to screen for genetic risk factors, but also to improve medication choices,
inform reproductive decisions, etc. The variety of health-relevant information generated by genomic
sequencing creates challenges to tracking health care utilization and assessing the full range of
clinical benefits that genomic sequencing can provide. In the BabySeq Project, a multi-site
randomized clinical trial, we implemented six different approaches to identify health care services
that were motivated by newborn genomic sequencing findings over a 10-month period, including (1)
reviews of medical records based on recommendations from a genetics specialist during disclosure
sessions; (2) reviews of medical records based on risks identified on disclosure reports; interviews of
(3) parents and (4) providers; surveys of (5) parents and (6) providers. Preliminary results show that
parent interviews were most comprehensive for capturing common services, including 13 of 15
specialty visits (87%) and 21 of 21 cardiac screening tests (100%) for the newborn. Parent interviews
were less effective than other approaches for identifying infrequent services such as follow-up genetic
tests and lab tests of newborns and other family members. Findings highlight the challenges of
assessing downstream medical services that result from unexpected genomic findings. They also
demonstrate the benefits of using multiple approaches to assess follow-up care that was received not
only by the patient, but by other family members. We discuss these benefits against the conceptual
strengths and limitations of each approach, including their feasibility to implement, their ability to
track follow-up care that occurs outside of study sites, the ability to account for loss to follow-up and
incomplete or biased recall. We also discuss the ability of each approach to capture services that may
have been ‘avoided’ by enhancing prevention.
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Genomic research heavily skews toward participants of European descent, and there is a gap in
understanding the impact of genetic testing in underrepresented and diverse populations. Here, we
outline effective recruitment and retention strategies of diverse populations into NYCKidSeq, a clinical
trial offering whole genome sequencing (WGS) to 1,100 children and young adults with undiagnosed
neurologic, cardiovascular disorders or primary immunodeficiencies. The goal is to compare WGS to
standard targeted gene panels for diagnosis, and to test participants’ understanding of genetic test
results using a bi-lingual health app. The patient population is from predominantly low-income and
minority communities from Harlem and the Bronx. As these families are particularly vulnerable,
recruiting them warrants the design of culturally sensitive, ethically sound recruitment strategies.
Researchers worked with patients, advocates and clinicians as part of a genomic stakeholder board to
develop approaches to recruitment and retention and they reviewed all study materials. All study
coordinators are bilingual, and a committee of individuals from diverse Latin nations translated study
materials into Spanish, including recruitment and educational materials and study surveys. We also
continuously engage providers and clinical staff. Our team put in place flexible solutions to
accommodate the needs of families who live far from the hospital, are unavailable during work hours,
or in which parents are separated. We also use continuous engagement and retention strategies such
as mailing customized holiday and birthday cards, and making regular phone-calls throughout the
duration of the trial.

To date, we have recruited 63 patients, and their families at 11 clinics throughout Manhattan and the
Bronx: 17% Black and 60% are Hispanic/Latinx (half of whom completed the baseline survey in
Spanish). Their median household income range was $25K to $50K, and less than 60% of parents
completed a bachelor’'s degree. Common reasons among 10 parents who refused to participate were
lack of time, concerns with life insurance, or belief that the test is unnecessary.

We have developed, are implementing, and will test the impact of strategies developed in partnership
with patients, advocates and clinicians, to enhance recruitment of underrepresented, minority
populations into genomics research. These strategies may help mitigate the risk of propagating health



disparities among the US population.
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Background: Deciding when to order genetic tests, refer to genetics specialists, or change treatment
or surveillance based on genetic risk, is particularly challenging for non-genetics healthcare providers.
Clinical decision support (CDS) tools have been suggested as a potential solution because they
provide patient-specific risk assessment or management recommendations. This systematic review
synthesized evidence on whether using CDS tools affected appropriate changes in genetics-related
patient management by non-genetics healthcare providers, compared to standard clinical care
without using CDS.

Methods: A comprehensive search in Medline, Embase and CINAHL from the year of database
inception to March 6 2019 yielded 2254 articles, plus an additional 11 articles from handsearching.
Two independent reviewers screened abstracts and full texts for articles that quantitatively compared
management outcomes when non-genetics clinicians (clinicians other than medical geneticists,
laboratory geneticists or genetic counsellors) used a CDS tool in actual patient care. 9 articles (3
RCTs, 5 pre-post studies and 1 cohort study) were included in the final review. Effect sizes were
calculated, and a narrative synthesis was performed for the 9 articles. Study-level bias was assessed
using the Joanna-Briggs Institute Checklist appropriate for study design. High risk of bias did not lead
to study exclusion.

Results: CDS tools focused mainly on pharmacogenetics or cancer, with two tools on thrombophilia
and one on cystic fibrosis. CDS tools had a small positive effect on changes in management based on
clinical guidelines or best practices that was statistically significant compared to pre-implementation
but not significant compared to control groups. These findings are limited by low statistical power,
sources of bias in the comparative data such as no controls or blinding, and significant heterogeneity
of interventions. Certain predictors of CDS tool success, such as an active design and integration into
the clinical workflow, were absent in almost all tools evaluating management outcomes.

Conclusions and Significance: This systematic review is the first to review quantitative evidence of
CDS tools on genetics management decisions by non-genetics providers. CDS tools show promise
because they show a small effect leading to changes in management, but more studies explicitly
evaluating tools and bigger sample sizes are needed to establish effectiveness.
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The human gene and variation data are used by a large number of users on wide range of human-
related researches from basic sciences to applied and clinical researches. The advances on human
genome research, especially personal genome analysis and studies on personalized medicine made
those databases essential infrastructure for modern biomedical research. There are several human
gene and variation databases, and the numbers of such databases are still increasing year by year.
However, the data sharing policies and guidelines for users are different in each database and
decided by each database almost independently, which may be one of the causes for difficulties of
international collaborations and data-sharing.

In this study, we investigated data-sharing policies of human gene and variation databases, specially
focusing on the policies for their data accessibility, usability and disclaimers. We selected and
referred to total of 20 human gene and variation databases, 9 from USA, 6 from Europe and 5 from
Asia. Next, we extracted and compared the database policies in terms of descriptions of data
accessibility, usability and disclaimers for non-profit and commercial users. Then, we examined and
summarized the conditions and restrictions for non-profit and commercial users. Here, we report the
summary of the current situation and the problems on the international collaboration and data-
sharing for all users, and propose what kind of data-sharing policies are required for future
researches.



n= A+

PgmNr 720: Challenges and prospects of genomic
researches in developing countries: Insights from African
researchers.

Authors:
0. Adewole *; T. Adewole % S. Ottaru % |. Edem-Hotah *; D. Kemevor-Asema >; J. Jumbo °

IView Session| |Add to Schedule]

Affiliations:

1) Medicine, Obafemi Awolowo University/Teaching Hospitals, Ile Ife, Osun, Nigeria; 2) Family
Medicine, Obafemi Awolowo University/Teaching Hospitals, Ile Ife, Osun, Nigeria; 3) Shree Hindu
Mandal Hospital - Mwanza, P. O. Box 2066, Mwanza, Tanzania; 4) Nursing, College of Medicine and
Allied Health Sciences University of Sierra Leone Freetown Sierra Leone; 5) Obstetrics and
Gynaecology, Korle Bu, Accra, Ghana; 6) Medicine, Niger Delta University, Amassoma, Bayelsa State,

Introduction: Africa unlike other parts of the world is lagging behind in the adoption of genomics.
The implication of this, if not addressed is that global health inequities gap may continue to widen. In
order to mitigate against this, it is important to understand the challenges and perception of African
researchers about genomic studies.

Aims/Objectives: This study seeks to unravel the challenges being faced by African researchers in
conducting genomic studies and their perceptions of the role genomics in healthcare.

Methods: We conducted a qualitative study, involving in depth interviews of 40 mid career and
established researchers/physicians across three African Countries (Nigeria, Tanzania and Ghana). The
locations were purposively selected. Snowball sampling technique was employed to select the
respondents. The data was imported into ATLAS.ti computer software for analysis. Data were
analyzed using inductive coding and results were presented thematically using network diagrams.
Results: The findings revealed that majority of the respondents are interested in conducting genomic
studies, but have never been opportuned. Lack of facilities , non availability of funding , ignorance of
the importance of genomics and lack of mentors were some of the reasons identified as being
responsible. There are no curriculum for genetics in majority of the respondents medical schools. Most
commonly conducted genomics studies were related to infectious disease and were mostly conducted
outside their home institutions. The researchers believed that genomics can greatly impact national
health care development and disease outcome. They also believed that developed countries are not
doing enough to honestly encourage genomic studies by African researchers.

Conclusion: The study concluded that if genomics medicine will positively influence healthcare in
Africa, there is a need to ensure that African researchers can conduct genomic studies in their native
countries as well.
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Precision medicine has become more prevalent in healthcare over the last decade. Pharmacogenetics
(PGx), an emerging field of precision medicine, has become an important tool that enables clinicians
to better predict the efficacy and toxicity of specific medications. The objective of this poster is to
describe our unique and robust educational program created to support the implementation of our
PGx program in a large rural setting.

As a large health care institution consisting of 44 hospitals and 289 clinics in nine states, Sanford
Health serves a predominantly rural population with 1,400 physicians providing care for more than 2
million patients. Imagenetics (our personalized medicine program) began offering PGx testing in 2015.
Education is an essential part of PGx implementation. Our education initiatives aim to address a large
audience, including patients, providers, pharmacists, laboratory personnel, nurses, and other
healthcare professionals.

To maximize patient education, we developed a comprehensive series of educational material,
including patient pamphlets and flyers, a public website, and various lectures to the community and
various patient groups. Our public website contains storyboard-type videos and explanations that are
clear and easy for patients to understand. We have found that patient education and awareness
facilitated the acceptance and adoption of this new type of testing by helping to introduce, and
explain the benefits of a guided treatment plan tailored to each patient’s unique genetic makeup.
Our employee educational program uses various tools and platforms to deploy customized
educational material in order to reach a diverse audience of healthcare professionals. Our training
material includes mandatory webinars, live lectures, and clinic in-services supplemented by
informational handouts. We developed a centralized informational resources website that contains
videos and downloadable educational materials.

The Sanford PGx educational program thus contains a wide spectrum of components to address
patient and healthcare professional educational needs. We developed tools for our institution to
improve the awareness about the use and interpretation of PGx testing among our healthcare
professionals and the public community. This poster aims to share our experience. We also hope to
provide guidance for other institutions seeking to develop an educational process and materials for a
PGx program in their clinical practice.
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National education efforts emphasize the need to practice the process skills of science rather than
strictly focus on discipline-specific content. Developing these vital skills early within undergraduate
education promotes cognitive progression and conceptual application; however, they require
deliberate cultivation, particularly with early-stage scientists. We developed the “Triad Approach” for
use in the genetics classroom as a departure from traditional lecture to encourage translational skills.
The Triad leverages active-learning through iterative cycling of lectures, journal clubs, and case
studies on specific genetics course related themes. Thus, students observe, analyze, and apply
content three times from unique perspectives, resonating with multiple learning styles. Following
Triad iterations, students were also assessed with comprehensive problem sets, requiring
interpretation of data, analysis of case studies, and mining primary sources for genomic-related
information. Through a systematic comparison of data from direct and indirect mechanisms (self-
assessments, grades, and surveys) we show marked improvements in learning and scientific literacy.
Pre- and post-course self-assessments show a 0.55 average normalized gain in quantitative
knowledge (modeling); 0.33 gain in critical thinking; 0.40 gain in quantitative reasoning (math); and a
0.63 gain in analytical genetic skills (-omics). Importantly, student report a 0.70 average gain in their
ability to lead scientific discussions on genomics and bioethics. Similarly, we compare cumulative pre-
course GPA to genetics course performance to identify students who “over” or “under” perform
through this approach and relate this to preferences for traditional learning or active learning
strategies. Finally, we see higher reported means for critical thinking and learning indicators in the
genetics cohort compared to students across the university. Moreover, the departure from
memorization of foundational knowledge enhances their ability to apply knowledge in new ways.
Together, we present this effective teaching style as a mechanism for faculty to stimulate
independent student learning while leveraging contemporary tools for data acquisition and analysis,
all important skills desirable to improve retention and conceptual application.
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Background: While many partnerships exist between research institutions and secondary schools,
few opportunities exist for young learners to become involved in established research projects. New
technologies such as 3rd generation DNA sequencing are often perceived to be out of reach of new
faculty, or postdocs and predoctoral trainees who cannot write their own grants. With slight
modifications, projects can be adapted as learning opportunities for learners at all stages of
development. In this classroom pilot, we adapted ongoing DNA sequencing projects at Baylor College
of Medicine to meet learning objectives for a flexible 7th grade science elective. So, how well would
DNA libraries prepared in the classroom by 7th graders compare to those of a “proficient
user?”

Methods: Meeting every other day for 55-minute periods (4 periods total over 2 weeks), students
were taught about DNA, biological information content, and the manual dexterity required to process
Biosafety Level 1 DNA pellets from cultured Lactobacillus reuteri for downstream multiplexed
sequencing on the MinlON Mk1B device (Oxford Nanopore Technologies, Oxford, UK). Students were
also taught the technology behind this sequencer, and spaced retrieval was used to reinforce
concepts. The libraries produced in the classroom were compared to the libraries produced in a
typical laboratory by a trained professional.

Results: Students completed a majority (53%) of procedures needed to create the libraries, and the
quality of these libraries exceeded the quality of libraries from a proficient user. Data from this
sequencing run has contributed to multiple manuscripts.

7th Grade Classroom Libraries

1.) 4 bacterial pellets (bar02-05) (“Student Genomics”; in prep)

Control “proficient user” Libraries

2.) Transgenic mouse genomic DNA (bar01, 12) (in prep)

3.) Single plasmid (bar 10, 11) (Gener, 2019. BioRxiv. https://doi.org/10.1101/611848)




4.) Multiple plasmids (bar06-09) (“Physical Multiplexing”; in prep)

Conclusions: To our knowledge, this pilot is the first time students at this level were able to
contribute to ongoing DNA sequencing projects, serving as a proof-of-concept for future collaborations
between research institutions and secondary schools. While self-contained, similar work may be
completed within the current bandwidth of most sequencing centers, demonstrating that real data
may be recovered from educational activities.
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Purpose Recently, genetic tests which look at human genes or chromosomes have become close to
Japanese citizens. That makes them more interested in Genetics. On the other hand, it is pointed out
that the contents of science education aren’t enough for citizens to understand Genetics (lkeuchi,
2012, 2015). In this study, we focused on science education in primary and secondary education
which played an important role as an education of the public. Purposes of this study were
understanding the present situation, extracting problems, and considering improvement plans of
genetic education in Japan.

Method In this study, we classified “Genetics” as “Heredity” and “Variation”. We selected items
about heredity and variation using science curriculums in primary and secondary education which
were published from the education ministry of Japan, USA (California, Massachusetts), UK (England),
Australia, Canada (Ontario), Singapore, Philippine and International Baccalaureate Organization (IBO).
And then, we investigated differences of genetic education among Japan, foreign countries and IBO.
Results Problems of current curriculums include only discussing the law of segregation in middle
school, and not using the term of “mutation” in secondary education. Despite this, there is enough
information taught that students can understand the link between genetics and diversity. We
confirmed that genetic education in Japan is shorter than other countries and other countries deal
with diversity in primary education. Genetic diseases are taught in some countries. Therefore, it is a
global problem that most curriculums do not include information on various genetic diseases.
Discussion To improve the genetic literacy of citizens, it is important to do genetic education to all
the people common in primary and secondary education. We think that it is necessary to do gradually
genetic education from primary education over the multi-year and include contents which students
can understand the basis of genetics link to human genetics.

Conclusion In this study, we understood the present situation and considered improvement plans of
genetic education in Japan. It is difficult to state that genetic education in Japan is enough. We think
that Japan should consider improvement of educational curriculum refer to global genetic education.
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Background: Genomics is the foundation of precision medicine, the future of human health care. Since
2003, voluminous information on structure and function of human genome has been gathered.
However, translation of this technical knowledge into routine health care applications has progressed
at a relatively slower pace. Lack of trained health care professionals is deemed a major barrier.
Experts recommend inclusion of genomics in pharmacy, nursing, medical and allied health care
education. Moreover, genomic analysis of students’ own DNA has been shown to improve learning
outcomes and student interest in precision medicine. Despite these pedagogical benefits, this
approach has an inherent ethical limitation. These methods use gene-phenotype pairs with health
implications for participants, necessitating genetic counselling. Lack of access to genetic counselling
precludes many institutions from offering genomic education and training. We have developed a facile
DNA genotyping assay to alleviate this ethical concern further enhancing the educational value of the
experience.

Methods and Results: We employed the ‘soapy cilantro’ phenotype for genetic variations rs72921001
and rs78503206, as a tool to teach effects of single nucleotide polymorphism (SNPs) on human traits.
Specific PCR primer sets were designed to amplify genomic DNA containing these SNPs associated
with the ‘soapy’ cilantro taste. Variations in DNA sequence were detected by amplicon fragment
length polymorphism (AFLP) using specific restriction enzymes.

Primer sets we designed successfully amplified DNA regions containing rs72921001 and rs78503206.
Agarose gel electrophoresis of amplicons before and after restriction digestion agreed with in silico
predicted results and confirmed the presence of specific genetic variation. Using this method, we
detected ‘soapy’ genotype in 12 out of 118 DNA samples from adult human volunteers. Our method
shows a 100% concordance for the ‘soapy’ genotype with the taste-test phenotype. These results,
along with advantages and limitations of our protocol are discussed.

Implications: Our method is a safe, facile AFLP genotyping assay for a human phenotype. It alleviates
ethical limitations about sharing participants’ genomic information. It is being used for genomic
education of students from middle school to professional school, as well as for continuing education of
STEM teachers, health care professionals and community members alike.
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Geneticist and genetic counsellors are scarce in developing nations. Providing access to genetic
information and appropriate use of genetic technologies becomes prerogative duties of available
health care practitioners in the health centers. Thus, this study assessed health-care workers'
knowledge of genetic education and the influence it had on their practices of genetic services in a
foremost tertiary hospital in Nigeria.

A descriptive cross-sectional design was employed. Sample size was calculated using Cochran
formula. Multistage sampling technique was used to select 320 health workers (Nurses, Physicians,
Pharmacists and Laboratory scientist). A 29-item questionnaire was used for data collection. It had
three sections. Section A explored the socio-demographic details of the respondents, section B
assessed their level of knowledge of genetic education and past training curricula while section C
determined their current practices of genetic services. Ethical approval was obtained before data
collection. Data was analyzed using SPSS version 21.0. Results were presented in descriptive and
inferential statistics (chi square) used to test for hypothesis at p-value of 0.05.

Result revealed that more than half (56.6%) of the respondents were below 40 years of age, with
majority having first degree in their field (77.2%) and married (71.6%). Less than half (48.2%) had
more than ten years of work experience, while (55.6%) were Nurses and had worked in the field of
clinical genetics (57.8%). Few (15.9%) of the respondents had poor knowledge of genetic education,
and 42.5% had good knowledge. Among the items assessed and the percentage of correct responses
were, unit of inheritance (60.3%), mutation definition (72.2%) and list of diseases with genetic
components (75.3%). More than half (57.8%) of the respondents reported good practice while 42.2%
had poor practice of genetic services. Educational level, profession and years of experience had
significant association (p < 0.05) with knowledge of genetic education. Also, educational level,
profession, availability of medical genetic unit and experience in clinical genetics were significantly
associated (P < 0.05) with practice of genetic services.

This study concluded that provision of facilities for the practice of genetics in various department is
needed to improve practitioners' knowledge and practice of genetics services.
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The Department of Molecular and Human Genetics at Baylor College of Medicine has created and
implemented a hybrid genetic service delivery model called ConsultageneTM
(www.Consultagene.org). ConsultageneTM is a secure multimedia platform that offers a variety of
educational videos, genetic counseling, and peer-to-peer genetic services. The videos enhance
traditional face-to-face encounters, and the platform provides a venue for tele-genetic counseling
services. For the past two years, a Whole Exome Sequencing (WES) video was integrated into the
clinic workflow to assist with consenting patients for WES. Pre- and post-video surveys demonstrate
improved patient knowledge, understanding, and comfort level with explaining WES to others after
viewing the video (i.e. patient comfort explaining WES improved from 1.82 (N=243) on a Likert scale
of 1to 5 to 3.42 (N=196) after viewing the WES video.

As a result of this favorable patient feedback, we have now implemented an expanded array of videos
and educational “journeys”, which are guided client experiences customized to the referral indication,
in additional settings including cancer. Here we present our ongoing experience with our hybrid
service delivery model. The videos, including: Basics of Genetics, BRCA1 & BRCA2 Sequencing, and
Multigene Panel Testing, are assigned for viewing based on patients’ indications prior to their
appointments. Survey data is collected on their experiences with videos as well as experiences with
the tele-genetic counseling process for those who received tele-genetic counseling. Survey
respondents who viewed the Basics of Genetics video (N=33) rated the informativeness of the video
as 4.05 on a scale of 5. Comfort level explaining genetic testing for BRCA1 and BRCA2 variants to
others improved from 2.38 (N=24) to 3.5 (N=22) out of 5 after viewing the video, and improved from
2.2 (N=10) to 3.78 (N=9) after viewing the multigene panel video.

This preliminary data suggests that the videos effectively supplement genetic counseling by
improving patient knowledge and understanding of relevant genetics concepts. In addition, we have
accumulating evidence that patients have more focused questions as a result of having viewed the
videos in advance, therefore, improving clinical efficiency. Given the improvement in patient
understanding of genetics concepts via video education, we plan to generate additional data from
newly developed prenatal and preconception educational journeys.
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We have developed an NGSS-aligned high school genetics unit, Exploring Genetics Through Genetic
Disorders. In this 3-week unit, students explore foundational genetic concepts on the Learn.Genetics
website, then they apply those concepts to explore how a specific allele causes the symptoms of a
genetic disorder. They emerge with a concrete understanding of how variations in genes—through
effects on proteins, cells, tissues, and organs—lead to phenotypes. Resources include in-depth
information on 5 alleles for each of 5 disorders: alpha-1 antitrypsin deficiency, cystic fibrosis,
hemoglobin disorders, hemophilia, and Marfan syndrome. The unit addresses the 3 dimensions of the
Next Generation Science Standards (NGSS): Disciplinary Core Ideas (HS-LS1 and LS3); Science
Practices (Developing & Using Models, Analyzing & Interpreting Data); and Crosscutting Concepts
(Cause & Effect, Structure & Function).

Our iterative process for developing and refining the unit involved an alpha test with two biology
teachers, followed by revisions, and a pilot test with two others the following year. During the pilot
phase, we collected data through: (1) a pre/post student knowledge gain assessment with 27 multiple
choice and 2 open-response items, developed and validated using our published methods (Bass, Drits-
Esser & Stark, 2016); (2) a teacher end-of-implementation survey, designed to understand teachers’
experiences with the unit, perceived student learning and engagement, and feedback for making
revisions; and (3) classroom observations.

The 80 students who completed both the pretest and the posttest showed statistically significant
learning gains, t (79) = 7.44, p <.001, with a Cohen d effect size of .82. Surveys indicated that both
teachers plan to teach the entire unit in sequence with the addition of other lessons; that students
learned all the unit’s intended learning outcomes either very well (genes code for proteins, most traits
are influenced by both genes and the environment) or somewhat well (mutation is a natural process
that generates variation in DNA sequences); and that the disease-causing allele investigation was
effective for student engagement.

We will revise the unit then conduct an RCT in September 2019 with 6-8 teachers, comparing learning
gains of students who experience the curriculum either with or without the disease-causing allele
investigation. We will present preliminary RCT results along with pilot test results.
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With the current advancements in molecular diagnostics and precision medicine, new genes and
genetic variants are discovered daily. Recent reports highlight that ~15,000 genes are associated
with human disease. Genetic variants may number in the tens to thousands per gene, indicating the
involvement of millions of variants with disease. Current variant numbers in ClinVar, a variant
database, indicate half a million disease-causing variants, with numbers projected to rise in the
coming years. Though automation of evidence curation by machine learning approaches has the
potential to improve and accelerate curation, it will not replace the need for manual curation and
interpretation of complex data in the foreseeable future. ClinGen has developed and implemented
standards and infrastructure to support expert clinical annotation and interpretation of genes and
variants; however, a significant crowdsourcing effort is needed to support the exponential increase in
the number of genes and variants requiring interpretation. In order to establish a community of
volunteer curators, from clinical geneticists to citizen scientists, ClinGen established the Community
Curation Working Group (CCWG). Since forming in Fall 2018, CCWG outreach efforts have matched
over 200 volunteer genetics professionals from 19 countries with their preferred ClinGen curation
effort (gene, variant, dosage, somatic cancer, and actionability) and clinical disease area via an online
survey on the ClinGen website. In addition, the CCWG is developing a web-based volunteer annotation
program to engage citizen scientists who wish to contribute to the overarching genomic knowledge
base of clinical evidence, such as human phenotyping and disease ontologies, variant identifiers, and
tags corresponding to ACMG and AMP sequence variant pathogenicity criteria. Here, we will present
an overview of the engagement process, curation results, and volunteer feedback. Global
participation is the cornerstone of sustainable and widely utilized gene and variant curation and
expert interpretation, and the growing awareness of ClinGen activities with the development of web-
based curation interfaces is cultivating a grassroots interest in a “crowdsourcing” effort that will
enable large-scale enhancement and acceleration of ClinGen’s mission to “curate the clinical
genome.”
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Background:

In today’s practice of medicine, there is growing acceptance of the role that genetics and genomics
play in providing effective patient care. Given the shortage of clinical geneticists and genetic
counselors, there is a need to bring other health care providers into the care of genetic patients. The
challenge is to provide the genetic education to enhance providers’ knowledge, application and
practice of genetics and genomics.

Objectives:

To address this challenge and shortage, the Greenwood Genetic Center’s (GGC) Division of Education
designed and implemented a pilot program targeting physician assistant students. The objectives
were to provide background on basic processes, genetic testing, family history, and when to consider
referring to genetic professionals. With this information, it is anticipated that when in practice, these
students will have a better understanding and knowledge of what to look for and how to better
manage their patients.

Methods and Design:

The pilot program was a series of five meetings with the PA students consisting of formal
presentations on the major areas of cytogenetics, molecular and biochemical genetics, and
dysmorphology, through the use of patient cases. Through grant support to expand PA education in
biochemical genetics, students were also introduced to lysosomal storage diseases, a group of rare
conditions that are thought to be under diagnosed, but for which many medical management options
exist.

Results and Conclusion:

Formal student evaluations and pre and post assessment scores indicated an improved understanding
of the genetic content. This is a positive result but one on which to continue building. Genetics
content should be more fully integrated throughout the training curriculum to reinforce the role and
application of genetics and genomics in family medicine, oncology, cardiology, and other areas of
practice. Genomic medicine is here and PAs must be prepared to be the first medical encounter for
the patient and to provide professional, long-term care for the patient.
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As genomic information and technologies become increasingly prevalent and integrated into our daily
lives in sectors such as medicine, material design, agriculture, and environmental conservation, there
is an increasing need for robust public engagement and community-focused dialogs about these
myriad applications. With respect to human health specifically, many people express curiosity to learn
more about their personal genomic information, as evidenced by the growing popularity of consumer
genetic testing services, but they are often left with significant gaps in the ability to dive more deeply
into this information with trusted experts, and there are very few places for dialog to explore what
this information might mean for themselves, their families, and their communities. Community
Biology Labs (sometimes referred to as DIYbio labs or biohackerspaces) have emerged over the last
ten years as community-centered spaces where anyone, regardless of educational background or
prior experience, can explore various aspects of emerging biotechnology in a hands-on, experiential,
and personally relevant way. Popular media representations of these spaces implies they are full of
reckless, radical self-experimentalists, but in reality this growing global movement provides a space
for people to learn about new technologies and participate in the growing bioeconomy in a safe,
environmentally responsible, and inclusive setting.

In this study, we investigate the role that Genspace, a community biology lab based in Brooklyn, NY
and the first community lab world-wide, play in public engagement with genomics. Over the past 6
months, we have collected demographic information and conducted focus groups to discuss the types
of information people are seeking to investigate about their genomes and their role in understanding
their identity, their health risks, and the ethical, legal, and social implications of exploring this
information in a Community Biology Lab setting. Emerging themes include a strong emphasis on data
access and sharing, as well as a larger interest in developing the computational and data literacy
skills needed to investigate genomic data themselves. Community Lab participants express strong
views about the autonomy of personal genomic data, concerns over the role of industry in monetizing
genomic data, and general optimism about the role genomic information can play in making
healthcare and other personal decisions.
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Next generation sequencing (NGS) technology is increasingly used as a diagnostic tool and for aiding
in complex trait, genetic risk assessment and pharmacogenetic testing. However, physician education
on how to use and interpret NGS technology, particularly whole exome sequencing (WES) lags behind.
Undergraduate medical education needs to encompass NGS technology, data analysis, interpretation,
counseling, and ethical consideration.

We developed an elective Topics in Interdisciplinary MEdicine (TIME) course available to Johns Hopkins
University (JHU) School of Medicine students as a pilot in 2017, then as an integrated course in the
Genes to Society curriculum in 2018. The course objectives were: 1) Understand differences,
applications and consequences of single gene, disease gene panels, and WES/WGS in the clinic; 2)
Understand laboratory/analysis techniques used to generate NGS data; 3) Identify key databases and
programs to evaluate sequence data and interpret variants; 4) Understand variant classification
criteria, causality, variants of unknown significance, incidental findings, and how these results are
reported; and, 5) Appreciate the necessity for pre-/post-genetic counseling for sequence-based tests,
especially for WES/WGS, including review of consent, test reports, and related ethical issues. The 3
day course included lectures and small group sessions with literature discussion, role-playing of
patient consenting, and identifying pathogenic variants with PhenoDB (Sobreira et al, Hum Mut,
2015), an online, problem-based teaching tool developed by as part of the Baylor-Hopkins Center for
Mendelian Genomics. A student survey was used to evaluate perception of course
quality/effectiveness and identify areas of improvement.

The course was positively received by the majority of students. 61.5% of students rated the quality of
the course as Very Good or Excellent. 84% Agree/Strongly Agree that they received clear learning
objectives for the course. 84% Agree/Strongly Agree that the course content reflected those learning
objectives. And, 80.5% of students Agree/Strongly Agree that they feel confident in their ability to
share information on genetic conditions and other supportive resources with patients and families.
The course will be offered annually for third year medical students at JHU School of Medicine, with the
long-term goal of increasing future physicians’ familiarity with genetic testing and comprehension of
clinical WES/WGS.
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Genetics education in graduate nursing programs is essential to prepare nurses and other health
providers for advanced clinical practice. A 3-credit, 14-week course in healthcare genetics has been
offered annually at the University of Vermont since 2014 as part of the Ph.D. Nursing and Masters-
level Medical Laboratory Science programs. Most students work in healthcare settings across a rural
state with limited availability to attend on-site classes. The course is designed with modular content
including video lectures, reading assignments, quizzes, and facilitated discussions. Cross-functional
Genetics professionals have expanded and updated the clinical and case-based content, and created
or modified modules. An online teaching platform is used with robust capabilities for multimodal
teaching and grading, and for facilitating interactions via asynchronous discussion boards.

Despite the limitations of online learning, ratings from the over 100 students completing the course
are consistently high. Mentored clinical experiences are replaced by reflections placing their learning
in their own clinical context by retelling real-life nursing or personal experiences on a guided
discussion board.

Advantages of online teaching of genetics include reusability of modules, automated module release,
integration with grade management platforms, accessibility for geographically distributed students
and those with diverse work schedules, and instructor-facilitated discussions involving >30 students.
Asynchronous teaching alleviates scheduling conflicts with patient care responsibilities for the
instructors as well. Incorporating simulated clinical encounters and other web-based tools enriches
the learning experience. Lack of face-to-face interaction with instructors, and the associated barriers
to mutual insight and respect, is a potential disadvantage. Overall, the utilization of multiple
interactive learning modalities, schedule and teaching flexibility, and integration into technology
platforms has empowered a highly successful learning experience. Expansion to other clinician
learners is contemplated.
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Increased accessibility of genetic testing is shaping public discussions around the impact of genetics.
The coinciding rise in social media usage provides an opportunity to assess how genetics is discussed
on these platforms. We focus on the social media site Reddit, the 5th most trafficked site in the US.
Reddit is organized into topic-specific communities that indicate at a high-level the focus of that set of
users’ interactions and comments.

To identify a set of relevant terms, we created a word embedding model and conducted a beam-
search within the embedded space starting with the term “genetic”. This resulted in a set of 8,580
genetics-related terms and hundreds of millions of comments containing those terms across 318,105
topic-specific boards.

The main variation in this set of terms in the embedded space occurs on an axis of formal usage more
typical of academic fields like biology or geography to informal usage, with references to racial
identifiers, stereotypes, and relationships. Clustering terms reveals 7 primary topic spheres, including
discussions of (1) racial/ethnic identity, (2) sociodemographics, (3) geography and history, (4)
populations and communities, (5) ancestry and population genetics, (6) molecular biology, and (7)
trait associations.

We track comments containing terms in each cluster from 2008-2018. The only cluster to increase in
proportional frequency relative to 2008 is (1) racial/ethnic identity. Based on topic board usage,
clusters 1 and 5 are the most dissimilar, indicating little overlap in discussions around genetics
between these communities. Specifically, for a forum discussing DTC genetic testing, 23andme, we
find that the predominant cluster switches in 2017 from discussions centered around (6) biology to (3)
geography and (4) populations.

As an example, we highlight responses to high-profile coverage of genetics in the media, following
presidential candidate Elizabeth Warren’s release of genetic test results. Comments mentioning
Warren in all clusters increased substantially in the month of the release, before returning to baseline
in the next month. Cluster 4 increased most dramatically. This may indicate a short window of
opportunity for researchers to inform public perception surrounding high-profile genetics work.
Overall, we aim to inform genetics researchers of varied public interpretations of the field, and
leverage these insights to understand how researchers could better communicate with the public.
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Diagnosis of monogenic diabetes (MD) is complicated by phenotypic heterogeneity and lack of
adequate screening methods. Via a multicenter study, Geisinger and 3 other sites sought to develop
an approach to identify MD using varied recruitment, systematic screening, and genetic testing.
Unlike the 3 urban recruitment sites, Geisinger is a rural healthcare system in central Pennsylvania
and southern New Jersey. To identify the optimal recruitment method in a rural-based endocrinology
population, we compared the success of various recruitment strategies used in this study.

Patients were screened for enroliment through an electronic health record (EHR) data pull and patient
intake questionnaire (IQ), administered in one of three ways: regular mail, via a secure EHR patient
portal (MyG), or in person during a routine endocrinology outpatient visit. The research team
reviewed all 1Qs for study eligibility. Eligible participants were invited to complete a study visit, during
which study data forms and venipuncture for laboratory testing were completed. The data were then
used to select participants for genetic testing. Those who had genetic testing were notified of a
positive or negative result. Cascade testing was offered to family members.

IQs were mailed to 2,240 individuals (1,970 adult, 270 pediatric); 67 (55 adult, 12 pediatric) enrolled
in the study (3%). 1Qs were sent to 1,541 individuals (1,266 adult, 275 pediatric) via MyG; 50% of
adults and 33% of guardians of pediatric patients read the recruitment message without responding;
34% of adults and 49% of guardians did not open the message; 14% of adults and 17% of guardians
responded to the message; 26 enrolled in the study (2%). IQs were administered to 580 adult patients
at the time of an outpatient endocrinology visit; 58 enrolled in the study (10% enrolled).

These results suggest that in this rural health care system in-person encounters are more effective
enrollment strategies than either mail or electronic approaches. Further research is needed to
determine the factors that account for this difference.
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Clinical integration of exome sequencing (ES) in active-duty military settings raises unique
considerations, including how ES results may influence service members’ careers.

The MilSeq Project is a pilot study that enrolled ostensibly healthy, active-duty Airmen in the United
States Air Force (USAF) to undergo ES (n=75). Airmen completed surveys to assess their perceptions
of ES prior to (pre) and 6 weeks after (post) receiving results (n=69). Airmen’s ES results were
incorporated into their medical records and included monogenic findings, carrier status variants,
disease-associated risk alleles, and pharmacogenomic information.

The majority of Airmen who responded at post (66%) agreed that they trust the USAF with their
genetic information. When asked whether ES should be used for duty assignments, 32% disagreed
and 56% were neutral; when asked whether ES should be used for deployment decisions, 34%
disagreed and 50% were neutral. Most (76%) did not support the USAF requiring Airmen to undergo
ES.

Despite this, before undergoing ES, 87% of Airmen thought that their results were unlikely to
influence their career in the Air Force, and at post, 96% reported that the ES results had in fact no
impact on their career (regardless of results type(s) received). The majority of those respondents
(99%) also did not think there would be an impact to their career in the future.

At post, 85% of Airmen agreed that ES has health benefits and 83% agreed that the benefits outweigh
the risks. Airmen on average scored the future utility of ES at post an 8 (£1.6) out of 10 on a scale
anchored by (1) not at all useful to (10) extremely useful. Participants concerns about future
insurability and discrimination decreased significantly (p<0.05) at follow up (38% to 19% and 18% to
10%, respectively).

We found that Airmen perceived benefits to receiving ES results. At post, Airmen were less worried
about discrimination than at pre, and did not think the information would impact their career. Yet,



they remained wary about the potential influence of ES in duty and deployment decisions. Our
findings suggest an openness among participant Airmen to incorporation of ES in the Military Health
System with some use limitations.
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The 2018 separation of migrant families at the US-Mexico border and subsequent use of DNA testing
for family reunification sparked controversy in news and social media. Public debate continued into
2019, fueled by a rapid DNA program at the border by US Immigration and Customs Enforcement to
perform kinship analysis to verify migrant family claims. We sought to evaluate how the use of DNA in
a politically-charged, non-medical context was covered by news and social media. We conducted
systematic searches of newspaper databases and the social media platform Twitter for coverage of
DNA testing and migrants for the 2-month period of June and July 2018. After refining for relevance,
we identified 183 articles and 153 Tweets. Of the articles, only 70 contained discussion of DNA testing
beyond reporting that it was being used, and only 27 had substantive DNA testing-related content.
For comparison, our search parameters were repeated in May 2019 to capture articles and Tweets
about the rapid DNA program. Using qualitative approaches, we evaluated the data for biases: (1)
political, (2) immigration (i.e., “zero-tolerance”) policy, and (3) DNA testing (i.e., for/against testing).
We then coded content to identify coverage of the science, process of DNA testing, and major ethical
considerations. We identified trends, including common topics and miscommunications, as well as
significant gaps in coverage of DNA testing and ELSI topics. In both news articles and Tweets, we
found that a politically conservative or pro-zero tolerance policy slant strongly corresponded to a pro-
DNA testing stance, while a liberal or anti-zero tolerance policy slant corresponded diversely to pro-,
anti-, and neutral DNA testing stances. Public discussion of recent events at the US-Mexico border
demonstrates both the complexity of the arena in which DNA testing for immigration is considered as
well as key communication issues facing the genetics community. These issues include: (a) lack of
transparency on the use of genetic information (causing speculation); (b) ineffective inclusion of
genetics experts in public conversations (causing misinformation to spread); and (c) ill-preparedness
of the genetics community to react to public confusion and outcry (causing scientific
misunderstandings to go uncorrected). Genetic experts’ contributions to such discussions shape
public opinion and are an opportunity to accurately communicate the risks and benefits of DNA
testing in non-medical contexts.
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As national security interests lead to the strengthening of borders, there are heightened efforts to
detect fraud in nationality claims. One tool to evaluate these claims is through ancestry DNA testing.
However, results from commercial DNA testing for ancestral origins can be erroneously confounded
with nationality. While DNA can reveal clues regarding ancestral geographic migration patterns, it
cannot determine countries in which past generations might have resided or held citizenship.
Nevertheless, such DNA tools might be informative, or even the only recourse to provide evidence of
ancestral heritage, such as in the case of statelessness or tribal membership. The UNHCR estimates
that 10 million people are stateless, that is lacking documentation of citizenship to any country.
Stateless people might not be permitted to travel, marry, and/or work either in their country of origin
or their destination country. Similarly, other sovereign states, such as indigenous tribes in the United
States and Canada, have begun using DNA testing for citizenship. The ability to provide scientific
evidence of native ancestry and receive an authentic tribal membership can allow one to have access
to material goods and emotional support. These two examples provide an opportunity to examine
how ancestry DNA results are used as scientific evidence of nationality and group membership. As
part of our research into the applications of genetic information in immigration, we evaluated
examples of contexts where DNA testing was applied to determine ancestral origin as a proxy for
nationality, considering the personal, sociopolitical, and cultural risks and benefits. In one of these
contexts, an ancestral DNA test was allegedly used to screen for claims of nationality for a stateless
person to support a refugee claim. We also examined the use of ancestry DNA results to support
claims to American indigenous tribal citizenship. We compared these examples to identify overlapping
themes with regard to autonomy, identity, human right to migration, documentation of statehood,
informed consent and risk of stigmatization. Our result is an examination of the ethical considerations
for use of ancestry DNA testing, alternatively, to screen out nationalities, versus as an individual tool
for documentation of nationality. Ultimately, the use of ancestry DNA testing as a proxy for nationality
leads to the potential conflation of biological origins with political borders and cultural narratives.
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The reported successes of forensic genetic genealogy (FGG) in criminal cases and the ensuing
debates regarding the privacy implications of this investigative approach prompted us to question
whether SNP typing could be useful-or should be considered-to investigate missing migrants’ cases.
Over the last decade, thousands of human remains have been found along the southern US border.
Due to a lack of DNA data-sharing, deceased migrants remain unidentified for years. Similar to the
cold cases comprising most of the criminal FGG cases to date, missing migrants’ cases have few
options for resolution. But the privacy implications of law enforcement investigations resulting from
genetic leads to biological relatives are unresolved, and not yet considered for missing migrants’
cases. The data in public databases (GEDmatch) are thought to not be diverse enough to provide any
identity by descent (IBD) similarities useful for non-European origin cases. Yet, if a database were
diverse enough to benefit Latinx cases, what would be the ethical and privacy implications of such an
approach? We sought to test the feasibility of using SNP typing to develop leads via FGG and
phenotypic markers to inform unidentified migrants’ cases. We typed DNA specimens from three sets
of unidentified migrant remains for genome-wide SNPs. SNP data with greater than 60% coverage
were compared to both public and private genealogical databases to determine IBD overlap that
could generate leads. We also estimated biological origin of human remains through analysis of
ancestry informative markers (AIMs). These data were used as leads for nationality, which is useful for
verifying post-mortem data, such as ID cards. We chronicled the successes and failures of (a) gaining
leads to biological relatives of deceased migrants and (b) predicting country of origin for the remains.
We documented ethical considerations as each case was investigated, outlining concerns related to
(a) data privacy, (b) personal privacy of living relatives, (c) the effect of stringent border policies on
investigations, and (d) the representation of Latinx genomic data in SNP databases. Examining the
ethical challenges in these cases can inform broader policy options for use of FGG in criminal cases.
With this study, we highlighted the key considerations of FGG and SNP typing in missing migrants’
cases with an aim to ensure that the rights of those involved in this process (biological relatives, the
deceased) are respected.
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Background: Genomic sequencing (GS) has the potential to identify a large volume of secondary or
incidental results (IR), which can be associated with various types of diseases and levels of clinical
actionability. Guidelines recommend that patients undergoing GS have the option to receive medically
actionable IR. However, the literature suggests that patients are interested in learning results beyond
those classified as medically actionable. Most studies evaluating patient preferences use a limited
range of IR; there are few studies assessing patients’ preferences for the broad range of possible
results that can be revealed by GS.

Aim: We aimed to describe patient preferences for receiving a broad range of IR.

Methods: We conducted an analysis of preference data generated within a randomized controlled trial
of a decision aid (DA) (www.GenomicsADVISER.com) for the selection of IR from GS. Participants were
adult cancer patients who had previously received an uninformative result from genetic testing
related to their cancer. Participants enrolled in the trial used the DA or spoke with a genetic counselor
to choose between five categories of IR: 1) medically actionable and pharmacogenomics results 2)
common disease SNPs, 3) rare Mendelian disorders, 4) early-onset neurological diseases and 5)
carrier status.

Results: One hundred thirty-three patients participated in the trial. Participants were predominantly
White/European (74%), female (90%), and >50 years old (60%). The majority of participants chose to
receive incidental results. About 97% of participants (129/133) elected to receive medically actionable
and pharmacogenomics results. Despite the lack of medical actionability of the other categories,
participants were overall very interested in receiving them; 74% selected common disease SNPS, 75%
chose carrier results, while 53% chose to receive results associated with rare Mendelian diseases and
59% early-onset neurological disorders.

Conclusions: Our results suggest that patients are interested in receiving a broad range of incidental
results, including those without evidence of medical actionability such as early-onset neurological
diseases. This is in contrast to current guidelines that recommend only the return of medically
actionable results. In addition to consideration of the clinical evidence, future guidelines should take
patient preferences into account.
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Introduction

In recent years, there has been a marked increase in the technical capacity for detecting variants in
DNA that allow a diagnostic approach to multiple pathologies that previously could not be determined
by aetiology.

With the advent of these new technologies and knowledge about the human genome there has been
a dramatic increase in the request for molecular studies by multiple medical specialties, but without
increasing knowledge in the relevance of request for it or its proper analysis.

The studies that present greater difficulties for its adequate interpretation are the complete exomas
and the genomes.

This makes it necessary to evaluate the capacity of the different medical specialties for the
interpretation and classification of all the findings observed in molecular tests and their impact on the
patient.

Objectives

To determine which are the specialties that most requested molecular studies in 2018 and the
pertinence of requesting the same.

Methodology

A review of the BIOTECGEN S.A. molecular studies databases corresponding to the year 2018 is
carried out, grouping them by applicant speciality, type of study and result.

Results

During 2018, a total of 1450 orders of molecular studies were received from 18 different medical
specialties, with a total of 363 positive results (25.03%) and 209 variants of uncertain significance
(14.41%). The specialties that most requested molecular studies were clinical genetics and
oncohematology. Breast surgery presented a percentage equal to clinical genetics (30%) while
positive results and 44.4% of the requesting specialties obtained only negative results or variants of
uncertain significance.

Discussion



It is important to analyze the clinical context of each patient together with management guidelines
aimed at the molecular study of each pathology, seeking of pertinent molecular tests, taking into
account that only 30% of all requested studies are positive in the best of cases.

Given the percentage of studies with variants of uncertain significance, it is necessary to instruct the
different medical specialties in order to be more assertive

It is striking to note that approximately half of the spatialities requesting molecular tests do not obtain
any positive results, which translates into misdiagnosis

It should be assessed whether all medical professionals should be allowed to request molecular
studies or whether this activity should be restricted to a select group of specialties with the
appropriate trainning
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Model of shared decision making (SDM) offers a structured way to help patients to reach evidence-
informed and value-based decisions. The SDM process is relevant in genetic counseling especially for
conditions which need a close discussion and trade-off between harms and benefits. But there is a
lack of examples about how to accomplish the approach using SDM in genetic counseling. Our aim
here is to share our experience of how to do SDM in genetic testing. We developed two models of
SDM, one focus on non-invasive prenatal testing and another on breast cancer gene testing. In our
project, we constructed tools to facilitate SDM communication and measurement of the effectiveness
of the process. For the convenience of genetic counselors and genetic health educators, in addition to
SDM patient aid tools, we also develop visual aid APP with local language to assist communication in
related genetic concepts and knowledge. The SDM models were conducted in prenatal care clinic and
familial cancer prevention program in a genetic counseling center located in southern Taiwan.
Participants included pregnant women who ask for prenatal genetic test and family members of
breast cancers who came for cancer preventive screening. An overall rating of satisfaction from
participants was 95% agree that good and above. Comparison of pre- and post-test for the genetic
knowledge content after the SDM process showed that genetic knowledge score increased and most
significantly in the concept of risk and detection rate of gene tests.

In summary, we presented facilitating strategies, patient decision aids and measurement tools for
conducting and evaluation of SDM in genetic counseling. The SDM models provide structured
communication, increase patient engagement and autonomy, and facilitate patient-centered decision-
making.
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The Alabama Genomic Health Initiative (AGHI) is one of the first statewide, state-funded efforts to
provide genomic testing on a broad basis. AGHI engages two distinct cohorts who enroll into a
research protocol that provides access to genetic testing and offers biobank participation. The
‘affected’ cohort consists of children and adults with undiagnosed disease who receive whole genome
sequencing (WGS) to identify primary and secondary findings. The ‘population cohort’ consists of
interested adults who receive a genotyping assay to identify risk factors in medically-actionable
genes. In the first two years of AGHI, 191 affected and 4527 population participants have been
enrolled. Consent and result disclosure in the affected cohort is facilitated by staff at clinical research
sites. Among 142 affected individuals analyzed to date, 60 (42%) have received a primary finding (15
pathogenic, 13 likely pathogenic, 32 variants of uncertain significance); seven individuals (2.8%) have
received a secondary finding. Among 4357 analyzed population participants, 66 pathogenic or likely
pathogenic variants have been ret