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Abstract:

The role of mitochondrial (MT) DNA (mtDNA) variation in complex diseases has been underexplored, especially in Hispanic
and African ancestries. Using the Million Veteran Program (MVP), we report the largest mitochondrial genome-wide association
study of cardiometabolic traits across four ancestry groups: European (EUR, N=446,244), African (AA, N=114,372), Hispanic
(HIS 49,289), and Asian (ASN, N=8,119). We developed an MVP mtDNA QC procedure, which included: (1) call rate >98%;
(2) confirmation by intentional duplicates; and (3) comparison with overlapping whole-genome sequencing data. Among 248
mtDNA variants, 94 (38%) did not vary among the current MVP population. Of the remaining 154 mtDNA SNPs, 141 variants
were rare, with minor allele frequencies (MAF) <2%. Due to the enrichment of rare variants, gene-based rare burden association
analyses were performed. Cardiometabolic traits included 365 phecodes in the endocrine/metabolic, digestive, and circulatory
systems, HbAlc, and BMI assessments. All reported results below were significant after a conservative Bonferroni adjustment (p
< 0.05/(number of gene x trait pairs tested)). We identified 8 MT gene and cardiometabolic trait associations and other 28
associations when stratifying by type 2 diabetes (T2D) and sex status. Notable findings included that among HIS ancestry, the
MT-ND2 gene's rare burden was associated with coronary atherosclerosis (411.4), ischemic heart disease (411), and peripheral
vascular disease (443). Interestingly, when stratifying the analysis by T2D status, these associations were present among patients
with T2D but not patients without T2D. In EUR ancestry, MT-ND3 was associated with vascular insufficiency of the intestine
(441) among male veterans; MT-TG and MT-RNR2 were related to disorders of magnesium metabolism (275.3) and precordial
pain (418.1), respectively, in female veterans. RNR2 was associated with hypoglycemia (251.1) in AA ancestry with T2D.
Finally, we assessed the interaction effects of mitochondrial genes and nuclear mitochondrial genes curated from the mitoCarta
2.0 database, using a two-stage approach. Only marginally significant genes with the same condition were followed for
interaction analysis. A significant interaction between UGT1A1 and MT-RNR2 on disorders of bilirubin excretion (277.4) in
EUR ancestry was identified. Our work illustrates the value of mitochondrial-wide association studies for cardiometabolic
diseases of all ancestries, especially HIS and AA ancestry. Future works include validations in independent cohorts, in silico, and
in vitro analyses to further elucidate these findings' biological mechanisms.
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Abstract:

Background: Coronary Microvascular Disease (CMVD), defined as a disease of the coronary pre-arterioles, arterioles, and
capillaries, accounts for 30-50% of the burden of ischemic heart disease (IHD). However, little is known about the pathogenesis,
and there are no directed therapies for CMVD. Perfusion cardiac PET allows for the quantitative assessment of myocardial blood
flow (MBF) at rest and stress and MBF reserve (MBFR) and represents the most clinical advanced non-invasive imaging
modality for CMVD. Here we perform the first genome-wide association study (GWAS) for CMVD using cardiac PET MBF
parameters.Methods: Rest and stress MBF and MBFR were measured using Rubidium-82 cardiac perfusion PET stress tests
which were obtained as part of routine clinical care. We performed a GWAS in 383 samples of European (EUR) and 539 samples
of African ancestry (AFR) in the Penn Medicine Biobank using MBF values and REGENIE software. Models were adjusted for
age, sex, age?, age X sex, 5 principal components, and batch corresponding to phenotype extraction. Additionally, fine mapping
was performed for loci with P-value < 1e-05 using the implementation of SuSiE in the polyfun package by integrating gene
expression and functional annotations from heart ventricular, atrium, aorta, and coronary artery tissues in the EpiMap
database.Results: We identified 10 variants in AFR ancestry for MBFR at p-value < 5e-7. Among the top hits, our results
identified novel signals in variants mapping to LOC105374051, UNC13A4, RPL21P130, ATP6V0A2, CCSERI, and MDFI, among
others. We also identified 4 variants in AFR and 1 in EUR for rest MBF and 3 variants in AFR and 1 in EUR for stress MBF
phenotypes, including loci near ARHGAP18 and ARHGAP22. Fine mapping identified 4 loci in AFR for MBFR including NRP],
ERCI, RN7SKP148, and SCL15A4. In sex-stratified analyses, we found that variants were more strongly associated with PET-
derived MBF phenotypes in AFR women than in AFR men and in EUR men relative to EUR women. Conclusions: Our study
identified several variants associated with perfusion PET MBF parameters in populations of EUR and AFR ancestry, some of
which represent putative CMVD loci. This work yields novel insights into the mechanisms of CMVD.
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Abstract:

Atrial fibrillation (AF) is a common cardiac arrhythmia with an estimated over 30 million people affected worldwide. Genome-
wide association studies (GWASs) of AF have identified over 100 genetic loci, while the majority of variants detected by GWAS
lie on non-coding regions so that their functionalities are not fully elucidated. Therefore, we performed a large-scale Japanese
GWAS comprising 9,826 AF cases among 150,272 individuals, followed by a trans-ancestry meta-analysis of over 1 million
individuals including 77,690 cases, and discovered 35 novel genome-wide significant loci. To explore the pleiotropic effect of
AF-associated loci, we performed colocalization analysis with quantitative trait loci, which demonstrated that they were
significantly colocalized with kidney-related, blood pressure-related, and metabolic-related traits. Furthermore, we performed a
transcriptome-wide association study leveraging the gene expression data from GTEx, which prioritized 132 and 127 candidate
causal genes in the atrial appendage and left ventricle, respectively. Particularly, we found IL6R as one of the causal genes,
which was previously unreported in the genetic analysis of AF. Additionally, we assessed transcription factors enriched in AF-
associated loci using the ChIP-seq Atlas and identified a novel transcription factor. The experiment of human-induced pluripotent
stem cell-derived cardiomyocytes (iPSCMs) revealed the functional inhibition of the transcriptional factor showed a decrease in
the gene expression of ion channels and sarcomere genes and revealed a trend toward decreased spontaneous beating rate, notable
irregularity, and prolonged contraction duration. Finally, we constructed polygenic risk scores (PRS) from the trans-ancestry
meta-GWAS and observed that individuals with the top 1% PRS were estimated to be approximately 4 years younger in AF onset
compared to the remaining individuals. Intriguingly, we found a significant association of higher AF-PRS with increased
cardioembolic stroke risk among undiagnosed AF patients, suggesting that it may play an important role in the early detection of
subclinical AF. Our results provide novel biological insights into AF genetics and broaden its clinical applications.
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Abstract:

Rationale: Atherosclerotic coronary artery disease (CAD) development encompasses endothelial dysfunction, vascular infiltration
of immune cells and smooth muscle cell dedifferentiation. However, the regulatory mechanisms underlying the disease
associated changes in gene expression and their relevance in mediating the genetic risk for CAD is largely unknown.

Objective: Here, we investigated the similarities and differences in gene signatures and epigenetic profiles of disease associated
cell states among all major lesional cell types. We further interrogate the contribution of cell state markers and pathways to the
genetic risk of coronary artery disease.

Method and Results: We performed single-cell RNA and ATAC sequencing to generate transcriptomic and epigenomic maps of
mouse and human atherosclerotic lesion. We identified thirteen disease-associated cell states, each representing distinct gene
signatures. Functional gene annotation, ligand-receptor prediction and transcription factor inference was used to identify common
pathways defining disease states. This information was used to derive pathway and cell state specific polygenic risk scores. Our
results demonstrated that cholesterol transport, lipid localization, blood vessel development and angiogenesis gene sets were
among the top in predictive performance whereas smooth muscle cell state genes contributed most to SNP-based heritability of
CAD. In line with this, variants within smooth muscle cell specific regulatory elements outperform other cell states and types in
PRS performance. Finally, we performed experimental fine-mapping of the CAD GWAS variants using expression quantitative
trait loci analysis, massively parallel reporter assay and CRISPR-based perturbations to identify functional disease mechanisms.
Conclusions: We identified 13 expression programs that are recurrently heterogeneous within atherosclerotic lesions. We
demonstrate that the gene signatures specific for atherosclerosis associated cell states contribute to SNP-based heritability of
CAD and exhibit unequal polygenic contribution to genetic risk. Our analysis also provides novel insights into the functional
mechanisms through which common genetic variation affects the risk of CAD.
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Abstract:

Clopidogrel is a platelet P2Y12 receptor antagonist used with aspirin to avoid thrombotic events in patients with acute coronary
syndrome (ACS) or those undergoing percutaneous coronary intervention (PCI). Non-response to clopidogrel results in recurring
ischemic episodes while on medication, with African Americans suffering disproportionately. The aim of this study was to
identify pharmacogenomic biomarkers of clopidogrel resistance in African American patients, who have been left out of
pharmacogenomics studies thus far.

Samples were obtained through African American Cardiovascular Pharmacogenomics Consortium (ACCOuNT). All patients
were treated with 75mg/day of clopidogrel. P2Y 12 reaction units (PRU) values were obtained after 15 days of treatment. High
on-treatment platelet reactivity (HTPR) was defined as patients with PRU > 230. A total of 38 cases and 103 controls were
included. A genome-wide association study was performed to identify variants associated with HTPR adjusting for age, was and
principal components. RNAseq analysis of whole blood was used to identify gene expression differences between cases and
controls. Functional follow-up of significant genes was carried out using shRNA gene knockdown in MEG-01 cells
(megakaryocyte cell line) followed by RT-qPCR and western blotting. Additional in silico analyses were conducted on
significantly associated genes and SNPs to determine functional loci and biological pathways.

17807369 on chromosome 7 was associated with HTPR (p=5.57x10", OR=9.11, 95% confidence interval=3.66-22.67). This
SNP is located at the intronic region of THSD7A. Two other SNPs in high LD with rs7807369 were located at the enhancer
element region. The differential gene expression analysis using an independent clopidogrel GEO gene expression dataset
validated that higher expression of THSD7A gene was associated with the HTPR. Differential gene expression analysis of the
ACCOUNT cohort identified lower expression of LAIRI associated with HTPR. The knock-down of LAIRI gene

increased SYK and decreased SRC mRNA expression, with similar results at the protein level.

Our data suggest that both LA/R1 and THSD7A4 may be important factors in clopidogrel response in African

Americans.The LAIR! deficient cells potentially induced the activation of PI3K/Akt pathway by activating SYK. This pathway
was also reported to increase platelet aggregation and platelet count in a mouse model. THSD74 has been associated with venous
thrombosis and coronary artery disease. Both genes are novel associations to clopidogrel response and underscore unique African
ancestry variants contributing to this important clinical phenotype.
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Abstract:

Introduction: We report a novel loss of phosphorylation missense variant p.Ser447Asn in BRAF and a proposed patho-
mechanism for autosomal dominant dilated cardiomyopathy (DCM) associated with the BRAF paradox. The patient was a 34
years old man who presented with DCM and atrial fibrillation at the age of 28 years old. He also has a positive family history of
sudden cardiac death (father and younger brother) of unknown etiology and the father-to-son transmission is consistent with the
autosomal dominant inheritance.

Methods: Clinical whole exome sequencing (CWES) was performed using an Illumina NextSeq2000 sequencer. Read alignment
(using GRCh37/hg19), variant calling (VCF), annotation, etc. were performed using a combination of commercial and in-house
bioinformatics pipelines. A virtual gene panel on familial cardiomyopathy was applied on the exome and the filtered variants
were interpreted by two chemical pathologists with qualifications in genetics and genomics, according to the patient’s laboratory
and clinical phenotype.

Results: No known pathogenic or likely pathogenic variants were found in the familial cardiomyopathy panel. Interestingly, a
heterozygous variant in BRAF, NM_004333.4: c.1340G>A; NP_004324.2:p.Ser447Asn was identified. The p.Ser447Asn

in BRAF was not found in population and mutation databases, i.e. gnomAD, 1000Genomes, ClinVar and HGMD. The SSDD
sequence from residues 446 - 449 was critical for BRAF functioning and a loss of serine phosphorylation at p.Ser447 will result
in a drastic reduction of basal and Ras-GTP-stimulated kinase activities. In this regard, p.Ser447Asn is defined as a class III type
of BRAF mutation, i.e. impaired kinase activity or kinase-dead. BRAF Ser447 phosphorylation was demonstrated in both G1- and
M- phases by mass spectrometry. In addition, p.Ser447Asn could lead to impairment of RAF1-BRAF heterodimer formation. In
zebrafish studies, autosomal dominant DCM-associated RAF1 mutants resulted in a hyperactivated AKT pathway in a BRAF-
dependent manner, with the DCM phenotype being rescued by rapamycin. Taken together, the impaired formation of RAF1-
BRAF heterodimer could contribute to the new gene-phenotype association of BRAF), i.e. autosomal dominant DCM.
Conclusion: We report a loss of phosphorylation of BRAF could lead to autosomal dominant DCM. The novel mechanism of
DCM may open new insights for the understanding of the BRAF paradox and the adverse cardiotoxic effects of BRAF inhibitors
in cancer patients, and also the potential therapeutic effect of rapamycin on DCM.

© Copyright 2022 The American Society of Human Genetics. All rights reserved. Page 22 of 352



ASHG 2022 Annual Meeting Platform Abstracts

S15. Applying Mendelian randomization to complex traits
Location: Conv Ctr/West Hall A/West Building
Session Time: Wednesday, October 26, 2022, 8:30 am - 10:00 am

ProgNbr 072. Integration of single-nucleus RNA-sequencing into Mendelian randomization reveals an adipose cell-type-origin
effect of abdominal obesity on non-alcoholic fatty liver disease

Authors:

S. Lee!, Z. Miao'2, M. Alvarez!, N. Darci-Maher!, J. N. Benhammou?, D. Z. Pan'2, U. Arasu?, T. Ord*, D. Kaminska3, S.
Heinonen®, M. Wabitsch’, M. Laakso®, V. G. Agopian’, J. R. Pisegna!, K. H. Pietildinen®!!, M. U. Kaikkonen*, J. S.
Sinsheimer’!2, J. Pihlajaméki>!3, P. Pajukanta'?!4; 'Dept. of Human Genetics, David Geffen Sch. of Med. at Univ. of California,
Los Angeles, Los Angeles, CA, *Bioinformatics InterDept.al Program, UCLA, Los Angeles, CA, 3Vatche and Tamar Manoukian
Div. of Digestive Diseases and Gastroenterology, Hepatology and Parenteral Nutrition, David Geffen Sch. of Med. at Univ. of
California, Los Angeles and VA Greater Los Angeles HCS, Los Angeles, CA, *A. 1. Virtanen Inst. for Molecular Sci., Univ. of
Eastern Finland, Kuopio, Finland, *Inst. of Publ. Hith.and Clinical Nutrition, Univ. of Eastern Finland, Kuopio, Finland, ®Obesity
Res. Unit, Res. Program for Clinical and Molecular Metabolism, Faculty of Med., Univ. of Helsinki, Helsinki, Finland, "Div. of
Pediatric Endocrinology and Diabetes, Dept. of Pediatrics and Adolescent Med., Univ. of Ulm, Ulm, Germany, ®Inst. of Clinical
Med., Univ. of Eastern Finland and Kuopio Univ. Hosp., Kuopio, Finland, °Dept. of Surgery, David Geffen Sch. of Med. at Univ.
of California, Los Angeles, Los Angeles, CA, '°Dept. of Med. and Human Genetics, Div. of Gastroenterology, Hepatology and
Parenteral Nutrition, David Geffen Sch. of Med. at Univ. of California, Los Angeles and VA Greater Los Angeles HCS, Los
Angeles, CA, "Obesity Ctr., Endocrinology, Abdominal Ctr., Helsinki Univ. Central Hosp. and Univ. of Helsinki, Helsinki,
Finland, '?Dept. of Computational Med., David Geffen Sch. of Med. at UCLA, Los Angeles, CA, *Dept. of Med., Endocrinology
and Clinical Nutrition, Kuopio Univ. Hosp., Kuopio, Finland, “Inst. for Precision Hlth., David Geffen Sch. of Med. at UCLA,
Los Angeles, CA

Abstract:

Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disease with heterogeneous etiology. Individuals with metabolically
unhealthy obesity, characterized by accumulation of abdominal fat, are known to have higher risks for fatty liver. However, the
directional biological mechanisms and cross-tissue effects of abdominal obesity and NAFLD are difficult to establish due to
horizontal pleiotropy in Mendelian Randomization (MR) analyses due to confounders associated with obesity genetic signals.
Here we developed a new tissue-of-origin, cell-type aware MR approach that improves interpretation of biological cross-tissue
effects on NAFLD by integrating single-nucleus RNA-sequencing (snRNA-seq) data into MR through selection of biologically
well-defined, cell-type-specific instrumental variables (IVs). To identify these Vs, we conducted cis-expression quantitative trait
loci (cis-eQTL) analysis in 262 independent subcutaneous adipose tissue samples and overlapped the results with variants
associated with waist-hip ratio adjusted for BMI (WHRadjBMI), a well-established proxy of abdominal obesity. We then
performed adipose snRNA-seq (n=8) and identified 1,643 unique cell-type marker genes across 17 adipose cell-types and
subcell-types. Integrating these adipose snRNA-seq data with the WHRadjBMI GWAS cis-eQTL results, we found 3,929
GWAS cis-eQTL variants regulating expression of 66 adipose cell-type marker genes. We further conducted colocalization
analysis on these variants and discovered 12 non-redundant (R2<0.2) colocalized variants that target 12 genes,

including NET1, PTHIR, and ZZEF 1, which are known obesogenic genes in mouse. None of these 12 genes have previously
been reported as underlying GWAS genes for abdominal obesity in WHRadjBMI GWAS, suggesting that these are novel
candidate genes for abdominal obesity. Next, we incorporated the 12 colocalized WHRadjBMI GWAS cis-eQTL variants as [Vs
into MR and discovered a significant causal effect of abdominal obesity on NAFLD. Multiple MR methods provided consistent
results without any evidence of pleiotropy or heterogeneity. Our snRNA-seq data and functional experiments further revealed
that the majority of these 12 target genes are highly expressed in human adipocytes and differentially expressed during
adipogenesis, emphasizing their tissue- and cell-type-origin effects in MR. Overall, we discovered tissue-of-origin, cell-type
aware causal effects of abdominal obesity on NAFLD by integrating snRNA-seq data into MR. Our approach is generalizable for
other complex disorders to improve the statistical accuracy and biological discovery potential of MR.
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Abstract:

Plasma proteins play a key role in biological processes and often point to mechanisms underlying human complex diseases.
Genetic variants associated with the abundance of plasma protein (protein quantitative trait loci; pQTLs) provide important
evidence to support the functional impact of disease-associated genes. However, previous pQTL databases are limited in sample
size and translation of pQTL evidence to support functional impact of specific disease-associated genes are often subject to
methodological constraints. To systematically evaluate the impact of plasma proteome on human complex diseases, we employed
phenome-wide Mendelian randomization (MR) and colocalization (coloc) on the human plasma proteome using pQTLs available
from UK biobank (N sample=57,000) and disease outcome genome-wide association studies (GWAS) in FinnGen. Using a
combination of both MR and coloc, we systematically analyzed 1,472 plasma proteins on genetic liability to diseases and traits
within FinnGen. Independent cis-acting and trans-acting pQTL instruments were derived from UK Biobank European samples
for the MR and coloc analysis. To address previous methodological constraints, we developed a high-throughput pipeline which
aggregates MR and coloc results with relevant sensitivity analyses and functional evidence from the literature. In our cis-acting
MR and coloc analysis, we tested pQTLs for 1,472 proteins across 2,272 health-related outcomes derived in FinnGen, which
resulted in assessing nearly 3.4 million disease-gene pairs. As a confirmatory example, we observed an inverse association
between PCSK9 pQTLs and genetic liability to familial hypercholesterolaemia in FinnGen (OR = 0.59, 95% Confidence Interval:
0.52, 0.69; P = 6.0x10-'?). We replicated this result using genetic data of low-density lipoprotein cholesterol available from the
Global Lipids Genetics Consortium (B = -0.64, P = 6.5x10*#"), recapitulating the effect of PCSK9 inhibitors. Employing a novel
analytic pipeline, our large-scale MR and coloc study identified numerous proteins with potential causal roles in a wide spectrum
of complex diseases, providing insights to facilitate novel drug target discovery.
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Abstract:

Obesity is a major risk factor for COVID-19 severity; however, its underlying mechanism is not fully understood. Considering
that obesity influences the human plasma proteome, we sought to identify circulating proteins mediating the effects of obesity on
COVID-19 severity by integrating proteome-wide Mendelian randomization (MR), mediation analysis, colocalization, and
single-cell RNA-sequencing (scRNA-seq) analysis.

The study was conducted in the following manner:

1) Step 1 MR: We performed a two-sample MR to estimate the effect of body mass index (BMI) on circulating protein levels.
For this, we used BMI genome-wide association study (GWAS) from GIANT and UK Biobank (n = 694,649) as the exposure
and the 4,907 protein level GWAS from deCODE (n = 35,559) as the outcome. We found that 1,216 proteins were influenced by
BMI (P < 1.0 x 10-; Bonferroni correction) with no detectable horizontal pleiotropy or reverse causation.

2) Step 2 MR: Next, we evaluated the causal effects of the above-identified proteins (BMI-driven proteins) on COVID-19
outcomes, again using MR. We used cis-pQTLs of BMI-driven proteins from deCODE and COVID-19 outcomes (cases:
~122,616, controls: ~2,475,240) from COVID-19 HGI. MR revealed that a one SD increase in nephronectin (NPNT) levels was
associated with severe COVID-19 (OR = 1.71, 95% CI: 1.45-2.02, P = 1.63 x 10-'%) and COVID-19 hospitalization (OR = 1.36,
95% CI: 1.22-1.53, P=4.52 x 10%).

3) Mediation analysis: We performed an MR mediation analysis to quantify the extent to which the total effect of BMI on
severe COVID-19 was mediated by plasma NPNT levels. We found that plasma NPNT levels mediated 3.7% (95 % CI: 0.7-
6.7%, P =1.75 x 10?) of the effect of BMI on severe COVID-19.

4) Follow-up analysis for NPNT: To better understand whether the total levels of the NPNT protein or a specific NPNT splice
isoform influenced COVID-19 severity, we performed colocalization of cis-pQTL with eQTL and sQTL GWASs from GTEx.
We found that pQTL and sQTL in the lung colocalized with a posterior probability (PP) = 100.0%. However, this was not true
for eQTL (PP = 7.4%), indicating that an NPNT splice isoform drove this effect. Furthermore, scRNA-seq data in lung samples
of patients who died of COVID-19 showed that NPNT is expressed in fibroblast and alveolar cells (P < 0.001), implicating its
role in fibrosis and air exchange. Finally, multivariable MR revealed that decreasing body fat mass (beta = 0.23, 95% CI: 0.13-
0.33, P =6.86 x 10) and increasing fat-free mass (beta = -0.15, 95% CI: -0.26, -0.04, P = 5.83 x 10-%) can lower NPNT levels
and thus may improve COVID-19 outcomes.

These findings provide actionable insights into how obesity influences COVID-19 severity.
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Abstract:

Introduction Identifying genes that affect multiple traits, termed pleiotropy, can help us better understand the genetic etiology of
complex phenotypes. The purpose of this study is to identify novel genomic loci - i.e., undetected in standard GWAS - with
pleiotropy evidence for four blood lipid traits (HDL, LDL, triglycerides, and total cholesterol) in six ancestral cohorts (EUR,
AFR, E. and S. Asian, HIS, trans-ancestry). Methods In each ancestral cohort, we used Mendelian Randomization (MR) to
estimate bi-directional pairwise causal relationships between the four lipids and subsequent causal estimates to search the genome
for genes with pleiotropy evidence using GWAS summary statistics for ~1.6 million total individuals (Graham et al., 2021). We
additionally performed genome-wide meta-analyses between the four lipid traits and within each ancestral group. Genomic loci
(1Mb windows) that were detected in pleiotropy testing or meta-analysis but not in the original ancestry-specific or trans-ancestry
GWAS were considered novel. Results Pleiotropy testing identified 321 distinct novel loci, 134 of which were found in
European, 47 in African, 35 in E. or S. Asian, 10 in Hispanic, and 129 in trans-ethnic cohorts (34 novel loci found by multiple
ancestries). Between-lipid meta-analysis identified 322 novel loci, 77 of which (24%) were also found by pleiotropy testing. In
total, we discovered 566 distinct novel loci. Of the 366 protein-coding genes identified by pleiotropy testing and meta-analysis,
many have been previously associated with traits correlated with blood lipids. For example, in pleiotropy testing, we detected

the AFF3 gene which is associated with body mass index and Type I diabetes.

Heritability estimates ranged from 5-15%, with some differences between ancestral groups (e.g. for triglycerides, h?>=5.5% in
Africans and 15% in E. Asians; P=0.004). Genetic correlations between ancestry groups and within lipids were generally strong
(e.g., 0.27-0.95 for LDL). We detected bi-directional causal relationships between all pairs of lipid traits. MR causal estimates
and genetic correlations were strongly correlated (r=0.91), with deviations from equality potentially due to

pleiotropy. Conclusion Pleiotropy testing identified hundreds of novel genomic loci undetected by standard GWAS testing or
meta-analysis despite their excellent power. Novel loci identified by pleiotropy testing have epidemiological plausibility based on
historical evidence and may be associated with lipid-related morbidity.

© Copyright 2022 The American Society of Human Genetics. All rights reserved. Page 26 of 352



ASHG 2022 Annual Meeting Platform Abstracts

S15. Applying Mendelian randomization to complex traits
Location: Conv Ctr/West Hall A/West Building
Session Time: Wednesday, October 26, 2022, 8:30 am - 10:00 am

ProgNbr 076. Genetically proxied PCSK9 inhibition provides indications of lower prostate cancer risk: A Mendelian
randomization study

Authors:

S. Fang!, J. Yarmolinsky!, D. Gill>*#, C. J. Bull'*, C. M. Perks®, the PRACTICAL consortium, G. Davey Smith!, T. R. Gaunt!,
T. G. Richardson!?; IMRC Integrative Epidemiology Unit (IEU), Population Hlth.Sci., Bristol Med. Sch., Univ. of Bristol,
Bristol, United Kingdom, ?Novo Nordisk Res. Ctr., Oxford, United Kingdom, 3Clinical Pharmacology and Therapeutics Dept.,
Inst. for Infection and Immunity, St George's, Univ. of London, London, United Kingdom, “Dept. of Epidemiology and
Biostatistics, Sch. of Publ. Hlth., Imperial Coll. London, London, United Kingdom, *IGF & Metabolic Endocrinology Group,
Translational Hlth.Sci., Bristol Med. Sch., Learning & Res. Building, Southmead Hosp., Bristol, United Kingdom

Abstract:

Introduction: Prostate cancer (PrCa) is the second most prevalent malignancy in men worldwide. Observational studies have
linked the use of low-density lipoprotein cholesterol (LDL-c) lowering therapies with a reduced risk of PrCa, which may have
been potentially biased by confounding factors. Here, we evaluated the effects of genetically proxied LDL-c lowering drug
targets on risk of PrCa using Mendelian randomization (MR). Methods: Genetic variants leveraged as proxies for the therapeutic
inhibition of targets HMGCR, NPC1L1 and PCSK9 were identified based on a genome-wide association study (GWAS) of LDL-
¢ (P<5x10%) conducted by the Global Lipids Genetics Consortium (N=173,082). Effect estimates on PrCa risk were obtained
from the PRACTICAL consortium (79,148 cases, 61,106 controls). Replication was performed using genetic instruments from an
LDL-c GWAS conducted on males from the UK Biobank of European descent (N=201,678). Findings were additionally
evaluated by colocalization and MR using liver-derived expression quantitative traits loci (¢QTLs) and plasma protein QTLs
(pQTLs). Additionally, we examined the role of potential mediators, including body mass index (BMI), lipoprotein A (Lp(a)) and
testosterone. Results: MR using the inverse-variance weighted approach provided strong evidence supporting an effect of
genetically mimicked PCSK9 inhibitors on lower PrCa risk (odds ratio (OR)=0.84 per drug effect equivalent to a standard
deviation (SD) reduction in LDL-c, 95% confidence interval (CI)=0.74 to 0.96, P=7.86x10-3), whereas there was little evidence
of an effect for genetically proxied HMGCR (OR=0.83, 95% CI=0.67 to 1.03, P=0.093) or NPC1L1 (OR=1.27, 95% CI=0.87 to
1.87, P=0.218) inhibition on PrCa risk. Analyses using male-stratified instruments provided consistent results. Colocalization
identified strong evidence (CLPP=0.103) of a shared genetic variant (rs553741) between liver-derived PCSK9 expression and
PrCa risk. Moreover, pQTL analyses supported an inverse association between plasma PCSK9 levels and PrCa risk (OR=0.93 per
SD reduction in PCSK9, 95% CI=0.87 to 0.997, P=0.04). Genetically proxied PCSK9 inhibition was strongly associated with
Lp(a) levels (Beta=-0.07 SD change per drug effect equivalent to an SD reduction in LDL-c, 95% CI=-0.10 to -0.03, P=1.44x10"
4), indicating that it may play a mediatory role along the pathway towards PrCa risk. Conclusions: Our study demonstrates that
genetically proxied inhibition of PCSK9 is strongly associated with a lower risk of PrCa. Further evidence from clinical studies is
needed to confirm this finding as well as the putative mediatory role of Lp(a).
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Abstract:

Under overly optimistic assumptions, the traditional Mendelian Randomization (MR) approaches provide inference from the
effect of risk variants upon gene expression to nominate causal gene regulatory mechanisms. Recent advances in MR methods
control for correlated and uncorrelated pleiotropic effects, assess unmeasured confounding, and allow summary statistics in
analyses. Cumulatively, these approaches tend toward relaxing the stringent assumptions made with earlier MR methods,
especially when applied to sparse data. We have applied this new capacity to evaluate the possible causal impact of risk locus
variants upon associated gene expression targets in Multiple Sclerosis (MS) to estimate parameters of a generalized MR model.
This approach separates those gene expression effects that are associated with genetic loci and not causal from those that
potentially are causal. We applied these methods to MS using the GWAS summary statistics provided by the international MS
Genetics Consortium (1) and the eQTL data from Vosa et al (2). The single variant MR analysis without considering pleiotropy
or confounding preliminarily identified the expression of 245 genes as potentially being causal for MS. The expression of most of
these genes was eliminated as being causal when pleiotropy and confounding were incorporated into the MR analysis. Our
analyses, when incorporating pleiotropy and confounding, show that the loci labeled as ODF3B, TBX6, OS9, PRMI-

RMI2, PITPNM2-MPHOSPHY9, and NPEPPS-KPNB]I remain strong candidates for causation through expression

of TYMP, GDPD3, TSPAN31, (DEXI, RMI2), ARL6IP4, and TBKBP1, respectively (Table). The complexity of HLA locus
hinders confident conclusions from the analysis. This newer MR approach identifies a high proportion of false positive causal
gene expression findings, as distinguished from previous approaches. The new MR approaches not only sets priorities for
experimental validation, but also helps identify potentially authentic participants in genetic mechanisms of disease.

1. Int MS Genetics Consortium. Science 365:eaav7188. 2. Vosa U et al. Nature Genetics 53:1300, 2021.
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Abstract:

The vast majority of GWAS and eQTL studies are based on single ancestry cohorts with European ancestry being the most
common. However, studies with individuals of mixed ancestries can further improve our understanding of the genetic
architecture and identification of causal variants. In this study, we analyzed 497 individuals from the Greenlandic population with
genetic data and whole blood transcriptomes. Most of these individuals are admixed with an average of 25% of their genetic
ancestry being European and 75% being Inuit. Based on unsupervised clustering of whole genome genetic data for these
individuals, we can stratify them into eight genetically distinct groups. Interestingly, we can also map their transcriptome
variance into these localities and the proportion of European ancestry. However, we show that a much larger amount of the
transcriptomic variance is explained by correlation between close relatives such as siblings and to a lesser degree parent-
offspring. After stringent bonferroni correction, we identifed 668749 cis-eQTL and 3404 trans eQTL. The trans-eQTL can be
stratified into 25 independent groups. Of the novel nine novel trans eQTLs group most had either a cis-eQTL or missense
variants in a gene coding for a transcription factor. Interestingly, we find eQTLs in close proximity to genes explain more of the
gene expression variance in the mixed ancestry than either of the individual European and Inuit ancestries. In particular, we
identify strong eQTL associations for variants that are almost fixed for the ancestral and derived allele in each ancestry,
respectively, that would therefore require extremely large sample sizes to identify in a single ancestry cohort. As an example, we
find a cis-eqtl variant to the FADS2 gene, a fatty acid desaturase, where 70% of the expression variance is explained by the
variant despite being almost fixed for different alleles in each ancestry. Lastly, we observe differences in effect sizes, depending
on the local ancestry and found that the Inuit has a low number of cis eQTLs than Europeans but that the ones they have
individually explain more of the expression variance.
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Abstract:

To gain insight into biological processes underlying type 2 diabetes (T2D) pathophysiology across diverse populations, we
aggregated genome-wide association study (GWAS) summary statistics via meta-regression (MR-MEGA) in 2,535,601
individuals (428,452 T2D cases) from five major ancestry groups: European (60.3%); East Asian (19.8%); African (10.7%);
Hispanic (5.9%); and South Asian (3.3%). We identified 1,289 independent association signals at genome-wide significance
(P<5x10%), mapping to 611 loci, of which 145 have not been previously reported. We performed a look-up of associations of
T2D-risk alleles at index SNVs for each signal in published cardiometabolic trait GWAS and conducted unsupervised K-means
clustering. We identified robust clusters of signals related to insulin production/processing in the pancreatic beta-cell and to
mechanisms of insulin response. The insulin production/processing cluster was characterised by T2D-risk alleles associated with
increased fasting glucose and HbA1c, and decreased fasting insulin, visceral adipose tissue (VAT), and abdominal subcutaneous
adipose tissue (ASAT), and included associations mapping to loci with established effects on beta-cell function

(MTNRIB, TCF7L2, and SLC30A8). The insulin response cluster could be partitioned into subsets of signals related to: obesity
(increased body mass index, waist-hip ratio, body fat, and VAT/ASAT, including signals mapping to F'7O and MC4R);
lipodystrophy-mediated insulin resistance (increased fasting insulin and triglycerides, and decreased high-density lipoprotein
cholesterol and body fat, including signals mapping to /RSI and ANKRDS55); and liver lipid metabolism (increased liver fat and
levels of liver enzymes, and decreased low-density lipoprotein cholesterol and total cholesterol, including signals mapping

to PNPLA3 and CILP2). We detected highly significant enrichment of T2D association signals with evidence of ancestry-
correlated allelic-effect heterogeneity (523 observed, 64.5 expected, binomial test P<2.2x10716), primarily driven by differences
between East Asian and European ancestry GWAS. Association signals in the insulin production/processing cluster had larger
effects on T2D in East Asian ancestry populations, whilst those in the obesity cluster had larger effects in European ancestry
populations. These results highlight distinct biological pathways driving T2D susceptibility with heterogeneous effects across
ancestry groups and emphasizes the importance of studying diverse populations to fully elucidate the pathogenesis of disease.
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Abstract:

Idiopathic pulmonary fibrosis (IPF) is a devastating fibrotic disease of the lungs - an orphan disease with disease rarity and poor
prognosis causing challenges to research. GWAS of IPF, mainly restricted to European ancestry, have identified 23 loci
highlighting genes involved in cell cycle and airway clearance among others. Extending the analyses to diverse ancestries has
great potential to identify additional loci.

As part of the Global Biobank Meta-Analysis Initiative (GBMI), we present the first multi-ancestry IPF GWAS meta-analysis,
incorporating 8,492 cases from electronic healthcare records (mostly based on PheCode 502) from 13 biobanks across the globe.
We further meta-analyze GBMI with the latest IPF meta-analysis that included three clinically curated cohorts, reaching 11,160
cases and 1.36M controls representing six ancestries. Meta-analysis was performed using the inverse variance weighted fixed
effects model.

With an over 4-fold increase in the number of IPF cases compared to the latest meta-analysis, we identified 25 genome-wide
significant IPF loci out of which 7 were novel. Highlighting the importance of multi-ancestry meta-analysis, only one of the
novel loci (FUT6) would have been identified if the analysis had been restricted to Europeans. One of the novel loci was East
Asian specific (PSKH1), three (GRP157, FKBP5, and RAPGEF2) have been previously associated with lung function and genes
at two loci (GIPC2 and FKBPS5) have been reported to be differentially expressed in IPF compared to control lung. Fine-mapping
in FinnGen suggested deleterious coding causal variants at three loci (K/F15, TERT, and SPDL]I), highlighting an unreported
missense variant in KIF'15. Effect size estimates were 2.1-fold (95%CI 1.8-2.5) higher for the clinical cohorts compared to the
biobank studies. Additionally, we noted a 1.6-fold larger effect in males at MUCS5B, the strongest genetic risk factor for IPF:
ORumates (95%CI) = 3.2(2.9-3.6), ORfemates (95%CI) = 2.0(1.8-2.3), Cochran’s Q p-value for heterogeneity = 3.4E-9, with
consistent findings across biobanks but not replicating in four clinical cohorts. We also observed notable genetic overlap between
IPF and COVID-19 hospitalization, with 7 of the 25 IPF loci reaching the FDR-adjusted nominal p-value in the COVID-19
analysis, out of which 3 were genome-wide significant. Genetic correlation between the traits estimated by LD-score regression
was 0.35 (95%CI 0.14-0.56, p = 0.001).

In summary, we present the largest and first multi-ancestry IPF analysis further elucidating IPF genetics by both revealing novel
loci and providing increased insight into previously identified ones.
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Abstract:

Inflammatory bowel diseases (IBD) are a group of chronic disorders including Crohn’s Disease (CD) and ulcerative colitis (UC).
To date, most IBD genetic associations were derived in European ancestries, with a handful of non-European studies of much
smaller scale, limiting the discovery and application of IBD genetics to the rest of the world population.

To address this issue, we conducted a large-scale IBD genetic study in East Asian populations (EAS) including subjects from
China, Japan, and Korea, for a total sample size of 14,393 IBD (7,372 CD and 6,862 UC) and 15,456 controls, a 4x increase from
the previous IBD EAS study. We identified 80 genetic loci associated with IBD beyond genome-wide significance, a substantial
increase from 26 from previous studies. We found 26 coding variants in EAS, among which 13 have never been reported in EAS
nor EUR. 11 of the 13 coding variants have higher minor allele frequency in EAS than in EUR. These EAS enriched coding
variants implicated new IBD-associated loci (ADAP1 [P14R] and GIT2 [N387S]), directly pinpointed new IBD genes for the
first time in known loci (CELA3B [R79W] and SHC1 [A205V]) and deepened the IBD allelic series in the same gene to facilitate
target modulation in drug discoveries (PTAFR [A224D and N14S)).

We found that despite a cross-population genetic correlation close to one, polygenic risk models trained in EUR have reduced
performance in EAS. Leveraging this sizable new EAS sample and a novel multi-ancestry PRS method, we constructed a PRS
model that increased the IBD risk prediction accuracy in EAS by 2.4- and 1.8- fold for CD and UC, respectively. We have
released this model to facilitate equitable deployment of genetic risk prediction.

Across EAS and EUR (FinnGen and non-Finnish Europeans), with a total sample size of 45,106 IBD cases and 353,562 control,
we identified 81 new genetic loci associated with IBD increasing the total number of IBD-associated loci to 320. Our findings
provided additional targets for modulation in drug discoveries through implicating known IBD pathogenesis pathways that have
been identified as IBD therapeutic targets (e.g., IL-21 signaling). We also noted that IBD-associated loci have a strikingly large
overlap with IgA nephropathy associated loci (10 out of 25 not counting MHC), suggesting the convergence of pathogenesis
pathways for the two disorders that appear unrelated.

Our study represents a much-needed breakthrough in IBD genetics. Through the inclusion of the first sizable sample of non-
European ancestry in IBD genetics, we made critical discoveries to uncover fundamental aspects of IBD pathogenesis that are
relevant to East Asia populations and across the world.
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Abstract:

The use and abuse of nicotine and alcohol account for >100 million disability-adjusted life years across the globe, constituting
one of the world’s leading public health problems. Despite this, the majority of genome-wide association studies thus far have
been restricted to individuals of European ancestry, representing <1% of known worldwide genetic variation. Here, we leveraged
a trans-ancestry GWAS of nicotine and alcohol use in up to 3.4 million individuals from 60 studies with recent ancestry from
Africa (N =119,589), America (N = 286,026), East Asia (N = 296,438), and Europe (N = 2,669,029). Overall, we identified
2,143 loci and 3,823 independent variants associated with our five substance use phenotypes: smoking initiation, age of initiation
of regular smoking, cigarettes per day, smoking cessation, and alcoholic drinks per week. The trans-ancestry meta-analysis
method allows for quantifying the extent to which associated variants differ in effect size by ancestry along four dimensions
estimated from multi-dimensional scaling (MDS) of allele frequencies from each participating study. We found that 79.3% (N =
3,032) of independent variants did not differ in magnitude of effect sizes by ancestry. Of the remaining 791 variants, 136 (3.6%
of all independent variants) showed strong evidence for allelic heterogeneity indicating that the effect sizes of these variants
differ as a function of at least one axis of genetic variation. A single missense variant in the alcohol dehydrogenase

gene ADHIB known to be protective against alcohol consumption showed effect size differences on three axes of ancestry
variation. An increase on any of these three MDS components was associated with a reduced effect size of the protective allele,
on average. Overall, we found that variants associated with alcohol and tobacco use have largely the same effects across
population. This is consistent with the idea that the underlying genetic architecture of alcohol and tobacco use is similar across
ancestry and informs our understanding of the reasons for reduced portability of polygenic risk scores across populations. While
GWAS identified variants are not necessarily causal themselves, these results suggest that the generally low predictive accuracy
of scores across populations that has been widely observed may be largely due to reasons other than difference in causal effect
sizes, potentially highlighting the importance of differences in linkage disequilibrium patterns and allele frequencies.
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Abstract:

Humans display remarkable inter-individual variation in immune response when exposed to identical immune challenges. Yet,
our understanding of the genetic and epigenetic factors contributing to such variation remains limited. Here we aimed to study the
impact of epigenetic variation on ancestry-associated differences in immune response to influenza A (IAV) infection. To do so,
we obtained monocyte-derived macrophages from 35 individuals with varying degrees of European- and African-ancestry.
Following 24-hours of IAV infection, we collected from matched non-infected and infected samples data on gene expression
(RNA-seq), chromatin accessibility (ATAC-seq), post-translational modifications of 4 histone marks (H3K27ac, H3K4mel,
H3K4me3, and H3K27me3), and methylation levels, measured by whole genome bisulfite sequencing. In addition, we performed
high-coverage (30X) whole genome sequencing of all individuals. We obtained over 211 billion reads across the different assays,
generating the most extensive dataset to date of transcriptional and epigenetic variation in the response to IAV at the population
level. Our results reveal that transcriptional and epigenetic changes in response to IAV infection are highly coordinated and likely
driven by the activation of infection-induced transcription factors involved in the regulation of antiviral responses. We found that
gene expression and H3K4mel levels were the most divergent between ancestry groups- 37% of genes and 35% of H3K4mel
peaks tested showed a significant association with genetic ancestry levels- suggesting that ancestry-associated differences in gene
expression are tightly coupled with variation in enhancer activity. Ancestry-associated differences in the epigenetic landscape are
genetically controlled, even more so than variation in gene expression: up to 65% of the identified ancestry-differences in
molecular traits are explained by cis quantitative trait loci (QTL) that are differentiated by genetic ancestry. Striking patterns of
sharing across regulatory QTL indicate that genetic variation coordinately drives transcriptional and epigenetic inter-individual
differences- on average, 57% of QTL identified in one data type in IAV-infected cells are shared with at least one other data type.
Lastly, we show that among QTL variants that colocalized with immune-disease loci, only 7% were gene expression QTL, the
remaining corresponding to genetic variants that impact one or more epigenetic marks, which stresses the importance of
considering molecular phenotypes beyond gene expression in disease-focused studies.
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Abstract:

Introduction: Spinal Muscular Atrophy (SMA) is an autosomal recessive neuromuscular disease that results from pathogenic
variants of the survival motor neuron 1 gene (SMN1). Copy number loss of exon 7 in SMN1 gene is present in ~71-95% of
carriers and 95% of SMA patients, whereas SMN2 copy number can help inform SMA severity. Detection of silent carrier
variants and additional disease-causing variants in SMN/ has potential to improve the identification of carriers and those with
SMA, particularly in underrepresented ancestral groups. The ACMG recommends a population neutral approach for SMA
screening. SMN1 and SMN2 are paralogous genes with gene-specific variants that are challenging to resolve using short-read
sequencing due to their high homology. Here we demonstrate a prototype long-read sequencing assay (LRS) on Oxford Nanopore
Technologies’ (ONT) MinION platform that accurately quantifies and differentiates SMN1/2 copies (0 to >3) and intragenic
variants in a single workflow. Methods: Cell lines (n=50; spanning 0 to >4 copies for both SMN1 and SMN2) were obtained
from Coriell Cell Repository. Genomic DNA was isolated from whole blood of 200 presumed healthy donors. DNA was
amplified, barcoded, pooled, prepped by ligation sequencing kit (ONT), and run on R9.4.1 flow cells using the Mk1B or Mk1C
(ONT). Custom software was developed to manage projects, start sequencing, review run-time info, automate data analysis, and
report genotypes. The AmplideX® PCR/CE SMN1/2 Plus kit (Asuragen) and Sanger sequencing were used as comparator
methods to confirm copy number and other variants. Results: The prototype PCR/Nanopore assay accurately classified carrier
status (i.e. 1+0 or 2+0 SMNI copies informed by silent carrier variants) in >97% of the samples and quantified 0 to >3 SMN1
and SMN?2 copies consistent with comparator method in >95% genomic DNA samples. Point variants and indels such as
¢.*3+80T>G, c.*211_*212del in SMN1 and ¢.859G>C in SMN2 were detected. The assay detected deletions of exon7 and/or 8
in SMNI in all samples confirmed by comparator method. Conclusions: The data demonstrate that the prototype PCR/Nanopore
assay can reliably detect CNVs, large exon deletions, SNVs and indels in the SMN1/2 genes using a streamlined workflow. The
assay addresses ACMG guidelines for standardized screening approaches and may also be combined with other common or
challenging carrier screening genes to improve laboratory operations and economies in delivering more equitable carrier
screening and diagnostic solutions. Whole-exon sequencing using LRS may also enable broader insights into SMNI pathogenic
variants and SMN2 disease modifiers across ancestries.

© Copyright 2022 The American Society of Human Genetics. All rights reserved. Page 35 of 352



ASHG 2022 Annual Meeting Platform Abstracts

S17. Genetic and functional advances in inherited neuromuscular disease

Location: Conv Ctr/Room 502/West Building

Session Time: Wednesday, October 26, 2022, 8:30 am - 10:00 am

ProgNbr 089. SPTSSA variants alter sphingolipid synthesis and cause a complex form of hereditary spastic paraplegia
Authors:

X. Pan'?, S. Srivastava®, H. Mor Shaked*, K. Gable®, S. D. Gupta®, N. Somashekarappa®, G. Han’, P. Mohassel®, M. Gotkine*, E.
Desroche’, P. Goldenberg®, Q. K. Tan’, Y. Gong!'®!!, B. Kleinstiver'>!'!, C. A. Maguire'?, B. Wishart®, H. Cope®, C. Brito
Pires'®!!, H. Stutzman'"'2, R. Spillmann®, Undiagnosed Disease Network, R. Seyedsedjadi'®, O. Elpeleg*, C-H. Lee'?, E. Simon*,
F. Eichler'®!, T. M. Dunn’, H. J. Bellen'?; 'Dept. of Molecular and Human Genetics, Baylor Coll. of Med., Houston, TX, 2Jan
and Dan Duncan Neurological Res. Inst., Texas Children’s Hosp., Houston, TX, *Dept. of Neurology, Rosamund Stone Zander
Translational NeuroSci. Ctr., Boston Children's Hosp., Harvard Med. Sch., Boston, MA, “Dept. of Genetics, Hadassah Med. Ctr.
and Faculty of Med., Hebrew Univ. of Jerusalem, Jerusalem, Israel, *Dept. of Biochemistry and Molecular Biology, Uniformed
Services Univ. of the Hlth.Sci., Bethesda, MD, ®Neuromuscular and Neurogenetic Disorders of Childhood Section, Natl. Inst. of
Neurological Disorders and Stroke, NIH, Bethesda, MD, "Massachusetts Eye and Ear, Boston, MA, *Med. Genetics Unit, Dept.
of Pediatrics, Massachusetts Gen. Hosp., Boston, MA, °Dept. of Pediatrics, Div. of Med. Genetics, Duke Univ. Sch. of Med.,
Durham, NC, °Dept. of Neurology, Massachusetts Gen. Hosp., Boston, MA, !'Ctr. for Genomic Med., Massachusetts Gen.
Hosp., Boston, MA, '?Dept. of Pathology, Massachusetts Gen. Hosp., Boston, MA, '*Dept. of Structural Biology, St. Jude
Children’s Res. Hosp., Memphis, TN

Abstract:

SPTSSA encodes an activating subunit of serine palmitoyltransferase (SPT), the enzyme that catalyzes the rate-limiting reaction
of sphingolipid (SL) de novo synthesis. SLs are a diverse family of lipids with critical structural and signaling functions in the
nervous system. The synthesis of SLs is tightly regulated and key to the homeostatic regulation are the ORMDL proteins which
bind to SPT and mediate feedback inhibition of SPT enzymatic activity when SL levels become elevated. To date, no Mendelian
disorder has been associated with SPTSSA. Through the Undiagnosed Diseases Network and international matchmaking, we
identified three unrelated individuals with variants in SPTSSA4. Two individuals have a de novo missense variant (¢.152C>T,
p-Thr511le), while one individual has a homozygous frameshift variant (c.171_172del, p.GIn58AlafsTer10). All three individuals
present manifestations consistent with complex hereditary spastic paraplegia (HSP), including progressive motor impairment and
spasticity, variable sensorineural hearing loss and language/cognitive dysfunction. The cryo-EM structure of the human
SPT/ORMDL3 complex reveals that SPTSSA Thr51 resides in close association with ORMDL3, indicating its importance in the
interaction between SPT and ORMDL3. Using biochemical and cell-based assays, we show that the p.Thr511le as well as the
frameshift variant impair ORMDL regulation and cause excessive SL synthesis. Unrestrained SPT activity is evident from
elevated SLs in serum and fibroblasts from the patients. In a fruit fly model we overexpressed human SPT and showed that it
leads to excessive SL synthesis and causes severe motor defects and shortened lifespan, supporting the causal relationship
between elevated SPT activity and some of the patient phenotypes. Moreover, while co-expression of human ORMDL3 reversed
the elevated SL levels and rescued the phenotypes in flies expressing the wildtype SPT, it failed to rescue flies expressing the
mutant SPT, confirming that the SPTSSA p.Thr511le variant abrogates ORMDL regulation of SPT in vivo. In summary, we show
that variants of SPTSSA cause elevated SL synthesis and identify SPTSSA4 as the latest gene to be associated with complex HSP, a
genetically and clinically diverse group of neurologic disorders.
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Abstract:

INTRODUCTION The Leucine-rich glioma inactivated (LGI) family consists of four highly conserved paralogous genes, LGI1-
4, that are highly expressed in mammalian central and/or peripheral nervous systems. LGI1 antibodies are detected in subjects
with autoimmune limbic encephalitis and peripheral nerve hyperexcitability syndromes (PNHS) such as Isaacs and Morvan
syndromes. Pathogenic variations of LG/ and LGI4 are associated with neurological disorders as disease traits including familial
temporal lobe epilepsy [MIM: 600512], and neurogenic arthrogryposis multiplex congenita 1 with myelin defects [MIM:
617468], respectively. No human disease has been reported for either LGI2 or LGI3. METHODS We implemented exome
sequencing and family-based genomics to identify cases with deleterious variants in LGI3 and utilized GeneMatcher to connect
practitioners and researchers worldwide to investigate the clinical and electrophysiological phenotype in affected subjects. We
also generated Lgi3 null mice and performed peripheral nerve dissection and immunohistochemistry to examine the
juxtaparanode LGI3 microarchitecture. RESULTS We identified sixteen individuals from eight unrelated families with Loss-of-
function (LoF) biallelic variants in LGI3. Deep phenotypic characterization showed LGI3 LoF causes a potentially clinically-
recognizable PNHS trait characterized by global developmental delay, intellectual disability, distal deformities with diminished
reflexes, visible facial myokymia, and distinctive electromyographic features suggestive of motor nerve instability. Mouse
studies revealed that LGI3 is highly expressed at the juxta-paranodal membrane and co-localizes with the voltage-gated
potassium channels Kv1.1 and Kv1.2 and associated proteins. Moreover, loss of LGI3 results in reduced and mis-localized Kv1
channel complexes in myelinated peripheral axons. CONCLUSION Our data demonstrate biallelic LoF variants in LGI3 cause a
clinically-distinguishable disease trait of PNHS, likely caused by disturbed Kv1 channel distribution in absence of LGI3. Human
paralogous gene mutational studies and aggregation of worldwide genomic and molecular data, of multiple variant allele types
(SNV and CNV), from eight unrelated families with biallelic LoF variants in LGI3 provide insights into: i) Clan Genomics, ii)
organismal nervous system development and function, and iii) with mouse investigations informs the genesis of electrodiagnostic
and clinically observed facial myokymia. Paralogous gene studies may also provide a route to molecular therapies.
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Background One of the understudied nervous system cell types is Schwann cells, which associate with and myelinate axons in
peripheral nerves. While Schwann cells perform similar roles to oligodendrocytes in the central nervous system, they have unique
gene regulatory networks (GRNs) and capacities to foster nerve regeneration, potentially contributing to neuropathy. For
example, studies of inherited peripheral neuropathies (Charcot-Marie-Tooth disease) identified over 100 disease genes, and
transcription factor (TF) analysis has been used to identify target gene networks relevant to the disease. However, many genetic
causes of neuropathy remain undefined. To provide resources to uncover noncoding variants emerging from the Whole-Genome
Sequencing (WGS) analysis, we integrated emerging multi-omics data and predicted full gene regulatory networks for fetal and
adult Schwann cells, linking regulatory elements with TF binding sites to target genes. Moreover, we identified genetic variants
associated with such Schwann cell networks in tibial nerves and with related diseases.

Method: First, our analyses looked at Schwann cell chromatin accessibility data and found chromatin interactions between
regulatory elements (e.g., promoters and enhancers). Then, we predicted TF binding sites on those interacting elements and
linked TFs with binding sites on enhancers to target gene promoters into gene regulatory networks for both fetal and adult
Schwann cells. Next, we used tibial nerve expression quantitative trait loci (eQTL) data, to predict noncoding variants linked to
changes in target gene expression potentially via their disruptions of TF binding sites from our predicted regulatory networks.
Further, we used recent WGS and Genome-Wide Association Studies (GWAS) data to find disease associations for those
variants. Thus, we also included those disease variants into our networks via linking TF binding disruptions. Finally, we validated
top TFs in our networks with peripheral nerve ChIP-seq data in rats. Results: The predicted gene regulatory networks consist of
693,707 and 842,845 TF-target gene edges for fetal and adult Schwann cells, respectively. Particularly, the fetal network links
423 TFs, 50,959 regulatory elements and 5,423 target genes, and the adult network links 423 TFs, 43,781 regulatory elements
and 6,183 target genes. Across both networks, we found 651,991 shared TF-target gene edges (423 TFs, 5,349 target genes).
Comparative network analysis also elucidated potential regulatory pathways (e.g. enhancers) dynamically altered during
Schwann cell development and maintenance and in diseases (e.g. after peripheral nerve injury).
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Abstract:

Charcot-Marie-Tooth disease (CMT) is a heritable peripheral neuropathy that is characterized by motor and sensory defects in the
distal extremities. Mutations in five genes encoding aminoacyl-tRNA synthetases (ARSs)—a family of enzymes that ligate amino
acids to cognate tRNA molecules—cause dominantly inherited CMT. One of these genes is glycyl-tRNA synthetase (GARSI),
which encodes the enzyme responsible for ligating glycine to cognate tRNA molecules. There is wide allelic and clinical
heterogeneity of GARSI-mediated neuropathy. We recently reported a 12-base-pair, in-frame deletion in GARS1, (E245_Q248;
or AETAQ) in a patient with infantile-onset spinal muscular atrophy. The AETAQ mutation ablates enzyme activity in vitro,
reduces viability in yeast complementation assays, and is dominantly toxic to mouse neurons. To determine the pathological
significance of the AETAQ mutation and establish a pipeline to systematically study pathogenic GARS! variants, we employed a
CRISPR/Cas9 method to generate a C. elegans model of GARS-mediated disease. Here, we will present data on the first C.
elegans GARS1-mediated neuropathy model, which supports a loss-of-function effect of the patient variant. Heterozygosity for
AETAQ gars-1 produces a robust motility defect and fluorescent imaging of axons reveals neurotoxicity in the motor neurons.
Pharmacological characterization of the neuromuscular junction of mutant worms indicates a degenerative defect in synaptic
transmission, consistent with the patient phenotype. In addition to our unpublished data on this model, we will present plans to
improve the phenotype observed in worm toward developing patient therapeutics. This work contributes to our understanding of
the role of GARS]I in peripheral neuropathy and establishes a framework for studying the pathogenicity of other ARS mutations
of interest.
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Abstract:

Charcot-Marie-Tooth Disease type 4B3 (CMT4B3) is rare, autosomal recessive hereditary neuropathy, presenting with severe
symptom onset during infancy or early childhood. Patients have a wide clinical spectrum of symptoms ranging from an isolated
demyelinating motor and sensory polyneuropathy to a complex neurodevelopmental phenotype with neuropathy, cranial nerve
involvement, intellectual disability and facial dysmorphism. CMT4B3 is caused by a variety of mutations in the ShfI gene,
resulting in loss-of-function of the pseudo-phosphatase Myotubularin-Related Protein 5 (MTMRS). MTMRS is an important
regulator of endo-lysosomal trafficking and thus is involved in proper neuron and myelin development. Gene replacement
therapy would be appropriate for CMT4B3 patients given the loss-of-function hypothesis, however the cDNA of Shf7 is larger
(5,679bp) than the size limit of adeno-associated viral vectors (~4,700 bp). To circumvent this challenge, we’ve devised several
candidate minigenes based on comparative protein family, cross species, and cross domain investigations. Additionally, we have
also established a patient iPSC-derived human motor neuron system to both elucidate the mechanism of pathogenic alleles
p.P1166T{sX5/+ and p.V1825GfsX27 on axonal degeneration and validate the mini-gene replacement strategy. Specifically, the
proper subcellular localization, interaction with binding partners, and phenotypic rescue of the minigene are being explored in the
iPSCs and other cell lines. Current functional studies into MTMRS function include determination of motor neuron endo-
lysosomal trafficking deficits, phosphoinositide metabolism defects and mitochondrial dysfunction. These important mechanistic
findings will inform further refinement of candidate minigenes and other genetic therapies for CMT4B3.
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Abstract:

Enhancer function is frequently investigated piecemeal using truncated reporter assays or through genome editing of individual
elements. Thus, it remains unclear to what extent regulatory elements can function independently of their native genomic context.
To address this gap, we applied our Big-IN technology for targeted integration of large DNAs to dissect the regulatory
architecture of the /gf2/H19 locus, a paradigmatic model of enhancer selectivity. We assembled a series of 157-kb payloads
containing a functional /gf2/H19 locus and including mutations to genetically direct CTCF occupancy at the imprinting control
region (ICR) which acts as a switch for the H19 distal enhancer cluster. We delivered these payloads to scarlessly replace the
endogenous locus in mouse embryonic stem cells (mESC), isolated and verified multiple independent clones for each, and
differentiated them into mesendodermal cells for allele-specific expression analysis. Deletion analysis and delivery at a genomic
safe harbor (Hprt) revealed a novel enhancer cluster outside the canonical /gf2/H19 locus also capable of activating H79 at long-
range. This unexpected regulatory influence prompted us to investigate enhancer interchangeability more generally by
exchanging components of the /gf2/H19 locus with the Sox2 locus, starting with the locus control region (LCR) essential

for Sox2 expression in mESC. Replacement of the /79 enhancer cluster with the Sox2 LCR was sufficient to confer robust
expression of both H19 and Igf2 in mESC, which was partly responsive to CTCF occupancy at the ICR. Remarkably, the
converse experiment showed that the /79 enhancer cluster could not activate Sox2 expression when relocated at the Sox2 locus,
but could partially induce Sox2 at the Igf2/H19 locus in an ICR-dependent manner, suggesting that unexpected dependencies may
influence even the most studied functional elements. Our synthetic regulatory genomics approach permits large-scale
manipulation of complete loci to understand how locus architecture relates to function.
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Abstract:

DNA methylation (DNAm) quantitative trait loci (mQTL) reveal important knowledge of the noncoding genome to human health
and disease. However, most mQTL studies were conducted in European populations (EUR), leaving uncertainties in the
transferability of mQTL findings across populations and limiting our ability to interpret disease-associated variants. To alleviate
this gap, we conducted the largest mQTL study to date in the East Asian populations (EAS), including 2,091 subjects of Han
Chinese ancestry from the Taiwan Biobank using the Illumina EPIC array for methylation profiling, a two-fold increase from
previous studies.

We tested the association between 8M genomic variants and variations in 772K DNAm sites. Using a stringent significance
threshold (p < 7e-14), we identified 30M significant mQTLs, among which 568K were independent after 1000x permutations and
conditional analysis. The mQTLs are enriched in DNase hypersensitivity regions (OR=1.13, p<le-22) and enhancer regions
(OR=2.01, p<le-22).

Previous mQTL studies in EUR were almost conducted using the Illumina 450K array. So, more than half of the DNAm sites
(53% out of 333K mQTL sites) were not interrogated. Compared with the largest mQTLs study so far in EUR with 10x more
samples, we found that 64% of the mQTL sites we identified are novel, highlighting the importance of embracing ancestral
diversity in studying the noncoding genome. In addition to the EPIC array specific DNAm sites, 9% of the mQTLs sites are EAS
specific. These mQTLs have higher allele frequencies in EAS than EUR. For those shared in both populations, similar mQTL
effect sizes (Two Sample t-test, p = 0.13) were found in both populations.

MQTLs provide a valuable resource to interpret the functional consequence of common variants underlying human complex
traits and diseases in EAS, which has not been available until this study. We found that mQTL in EAS has the highest enrichment
of heritability (h2) for SCZ in comparison with 20 other regulatory factors. The mQTLs SNPs were enriched with casual variants
from the fine-mapping results of Biobank Japan and UK biobank, which may shed light on their functional mechanisms.
Moreover, we found that mQTLs in EAS explained more h2 across traits in Biobank Japan than those in EUR (with a 10x larger
sample size), suggesting the importance of using matched populations to interpret GWAS findings.

Taken together, we performed the largest mQTL study in EAS, with a comparison with EUR. We identified novel mQTLs, found
similar effect sizes for shared mQTLs with EUR, and demonstrated that more GWAS h2 can be explained when using mQTLs
derived from the same population.
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Abstract:

Identifying genetic variants that are associated with variation in DNA methylation, an analysis commonly referred to as
methylation quantitative trait locus (meQTL) mapping, is an important first step towards understanding the genetic architecture
underlying epigenetic methylation variation. Most existing meQTL mapping studies have focused on individuals of European
ancestry and are noticeably underrepresented in other populations, with a particular absence of large studies in populations with
African ancestry. Lack of large-scale, well-powered meQTL mapping studies in populations with African ancestry can impede
our understanding of the epigenetic mechanisms underlying gene expression and common diseases for these populations. We fill
this critical knowledge gap by performing a large-scale in-depth cis-meQTL mapping study using the Illumina EPIC array in 961
African Americans from the Genetic Epidemiology Network of Arteriopathy (GENOA) study. We identified a total of 5,004,406
cis-acting meQTLs in 359,306 meCpGs after controlling for age, gender, population structure and familial relatedness. The CpG
sites in identified cis-meQTLs are over-represented in the open sea, CpG island shore and shelf regions, as well as intergenic
regions and gene bodies, but are under-represented in CpG islands as well as regions proximal to transcription start sites (TSS) of
genes. Through conditional analysis, we found that 45.7% of meCpGs harbor multiple independent meQTLs, suggesting
potentially polygenic genetic architecture underlying methylation variation. Through co-localization analysis, we found that a
large percentage of the identified cis-meQTLs overlap with the expression quantitative-trait loci (cis-eQTL) identified from a
previous study in the same population. Importantly, the identified independent cis-meQTLs explain a substantial proportion of
cis-heritability in the associated meCpG sites (median = 85.86%), and, in mediation analysis, the cis-meQTLs also explain a
substantial proportion (median=23.5%) of SNP heritability underlying gene expression. Overall, our results represent an
important step toward revealing the causal/mediation role of methylation underlying gene expression, facilitating the functional
integration and interpretation of epigenetic and gene regulatory changes underlying common diseases in African Americans.
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ProgNbr 099. Identifying molecular mechanisms across common and complex neurological diseases by integrating single-cell
epigenomics
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Abstract:

Introduction: The majority of GWAS loci reside in non-coding regions. However, translating non-coding associations into
mechanistic insights of disease is limited by incomplete knowledge of: (1) causal variants (due to linkage disequilibrium (LD)),
(2) relevant cellular contexts, and (3) regulatory mechanisms linking SNPs to genes (which are cell-type-specific).

Methods: We used LD score regression to identify brain cell types enriched for GWAS heritability, integrating GWAS summary
statistics from 10 neurological diseases with 70,631 scATAC-seq cells from 10 multi-region brain samples. We predicted the
cell-type-specific effects of individual non-coding variants by training convolutional neural networks (called chromBPnet) that
learn motif syntax and predict scATAC-seq profiles at single-base resolution from sequence. We used our chromBPnet models to
nominate causal variants from a collection of 66,287 disease-linked SNPs (identified by either GWAS, colocalization with a
GTEXx brain eQTL, or LD with another variant of interest in the 1KG cohort), which complements existing fine-mapping methods
limited by linkage disequilibrium.

Results: We established a single-cell resolution map of causal cell types across diseases, with GWAS heritability for 9/10 traits
enriched within at least one cell-type-specific peak set. For example, while Alzheimer’s heritability was enriched within only
microglia peaks (P<107), schizophrenia heritability was driven by SNPs within excitatory and inhibitory neuron peaks (P<10-2)
and was not enriched in microglia peaks. Using chromBPnet, we predicted candidate causal variants at 579 GWAS loci in
specific cell types, such as an Alzheimer’s SNP rs72962020 (near PICALM) disrupting a ELF5 motif in microglia cells. Our
models prioritized multiple novel variants within difficult-to-resolve GWAS loci, such as 10 inhibitory neuron-specific SNPs at a
recent Schizophrenia GWAS lead hit rs28490262 which contains 453 linked SNPs and is 1 Mb from the nearest gene. We show
that cell-type-specific enrichment analyses of genes near prioritized variants captured cell-type-specific pathways missed by
standard cell-type-agnostic pathway analyses, such as ion transport regulation in Alzheimer’s disease via microglia-specific
SNPs. Further, we found proximal high-scoring rare variants with higher effect sizes, which we are currently linking to multi-
omic outlier effects.

Conclusion: Our results demonstrate that detailed maps outlining cell-type-specific regulation and computational models
predicting the sensitivity of regulatory maps to variation enhance the mechanistic interpretation of non-coding loci.
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Abstract:

In mammalian diploid cells, imprinted genes retain a parent-of-origin specific epigenetic signature, resulting in monoallelic
expression. One example of an imprinted locus is human chromosome 15q11-13, which is implicated in several distinct genetic
disorders, including Prader-Willi Syndrome (PWS). PWS is a neurodevelopmental disorder caused by loss of expression of genes
on paternally inherited chromosome 15, most commonly through a large deletion spanning 5-6 Mbp. In all cases, the maternally
inherited allele is intact but epigenetically silenced. Thus, we sought to restore expression of the missing genes through targeted
epigenetic modification of the silenced maternal allele using dCas9-based transcriptional activators. Although nuclease
deactivated Cas9 (dCas9) fusions with transcriptional activators or repressors have been used to program epigenetic states, it is
not clear to what extent and how these tools can reprogram more complex epigenetic regulation, such as imprinting. We first used
CRISPR interference and activation screens to identify regulatory elements of the PWS gene SNRPN in human induced
pluripotent stem cells (hiPSCs). To do so, we generated clonal reporter cell lines by specifically tagging endogenous paternal or
maternal SNRPN with 24-GFP via genome editing. These high-throughput screens in the paternal and maternal SNRPN-

GFP hiPSCs revealed regions within the PWS locus that abate paternal SNRPN-GFP expression or activate maternal SNRPN-
GFP, respectively. We hypothesized that these regions may be involved in maintaining the epigenetic state of the PWS locus.
Furthermore, we show that the transcriptional activator Y?¢*dCas9VP%* and DNA demethylase T'dCas9 can each activate
maternal SNRPN and downstream PWS transcripts, including the critical SNORD116 cluster, in hiPSCs harboring a PWS
deletion. Intriguingly, YP%*dCas9VP%* and T'dCas9 function at unique regions and preferentially activate

different SNRPN transcript variants. Using ATAC-seq and targeted bisulphite sequencing, we show that

unlike Tt'dCas9, YP%*dCas9VP** increases chromatin accessibility without altering DNA methylation at the PWS imprinting
center, indicating these two epigenome editors are functioning at the PWS locus through distinct mechanisms. We also find that
transient delivery of T'dCas9 and a single gRNA leads to stable, long-term maternal SNRPN expression in hiPSCs. Our studies
implement CRISPR screens to identify regulatory regions of an imprinted locus and offer insight into the epigenetic
modifications that are sufficient to stably activate SNRPN and other PWS-associated transcripts in human cells.
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Pore-C nanopore reads
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Abstract:

Parent-of-origin inference is a vital tool for clinical and research genetics, allowing the identification of compound heterozygous
variants as well as variants with parent-specific phenotypic effects. It also allows researchers to link variants along a chromosome
which might have differential interactions in cis vs. trans, and can simplify pedigree studies for candidate disease variants.
Currently parent-of-origin inference is conducted almost exclusively by duo or trio sequencing, wherein one or both parents are
sequenced along with a proband and parental variants are used for inference alongside local phasing information (from long
reads, linkage disequilibrium, and/or population haplotype frequencies). However, obtaining sequencing data from parents is
often logistically or financially difficult or prohibitive. Further, trio-based parent-of-origin inference can fail in genomic regions
which are heterozygous for the same two haplotypes in the proband and both parents. Here we show that we can accurately
assign parent-of-origin to the vast majority of heterozygous variants across the whole genome with a single-sample (i.e. only the
proband) by using Oxford Nanopore Technologies (nanopore) ultra-long and Pore-C reads to simultaneously call and phase small
nucleotide variants and SmC CpG methylation across entire chromosomes. With ultra-long nanopore reads (reads with N50s
greater than 50 kb), single nucleotide polymorphisms can be phased across tens of megabases, up to whole chromosome arms,
while the addition of Pore-C reads allows the generation of accurate phase blocks which span entire chromosomes. Phased
variants can then be used to phase the original nanopore reads and per-read methylation data, which allows the association of
haplotypes with parent-of-origin specific methylation patterns at imprinting control regions. This method requires neither
parental sequencing nor tissue-culture and can thus be performed economically on a single sample from a single proband. We
validate our approach on the Genome in a Bottle reference HG002 and HG005 samples and compare against trio-binning with
publicly available parental reads. We show high concordance for parent-of-origin inference between our method and the GIAB
ground truth, comparable to trio-binning in both accuracy and completeness of parent-of-origin assignment.
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Abstract:

INTRODUCTION: Several converging lines of genome-wide association study (GWAS) and mechanistic evidence implicate
IL-23 signaling and the Th17 immune pathway in IBD pathogenesis. IL-23, IL-1f and prostaglandin E2 (PGE2) are
overexpressed in human IBD tissues, modulate the development and function of human Th17 cells, and have receptors encoded
by genes (IL23R, ILIR1 and PTGER4) that map to IBD GWAS loci. RATIONALE: Bulk RNA-seq and ATAC-seq, and a
single-cell assay for simultaneous transcriptome, cell surface protein epitope, and chromatin accessibility profiling (DOGMA-
seq) enable a comprehensive and unbiased approach for fine mapping GWAS loci in disease-relevant cell types and

conditions. METHODS: We used a large-scale multi-omics approach to dissect IBD loci in peripheral blood T cells that we
activated and treated with IBD-relevant inflammatory mediators in short-term, ex vivo tissue cultures. T cells from seven human
donors were activated and treated with four conditions (IL-1p and IL-23, plus either PGE2 or TGFp, or both). A total of ~90,000
T cells were profiled using DOGMA-seq. CD4*CD45RO"CD196" T cells (an immunophenotype enriched for Th17 and
regulatory T cells) from 38 human donors were activated and treated with IL-1f and IL-23, with or without PGE2, and assayed
using bulk RNA-seq and ATAC-seq. RESULTS: We identified 17 T cell subtypes in DOGMA-seq data, including their
activated and resting states. Cell-type specific regulator analysis revealed canonical and novel regulators for each subtype (e.g.,
RORC for Th17 cells and ETS! for resting states). Trajectory analysis of CD4+ naive T cells corroborated regulators for
activated/resting states. SNPs >95% likely to contain the causal variant in fine mapped IBD loci (IBD credible set SNPs) were
enriched in Thl, Th17, MAIT, and regulatory T cell ATAC peaks. We observed fewer activated T cells and more resting T cells
in conditions with PGE2, but TGFp hardly influenced cellular composition. Among activated CD4" memory T cells, we observed
fewer Thl cells but more Th17 cells with PGE2 treatment. Differential gene expression analyses in Th1 and Th17 cells identified
increased CREM, PDE4D, and STAT4 and decreased PTGER4 gene expression in conditions with PGE2. These findings were
validated in bulk RNA-seq and ATAC-seq data in CD4"CD45RO*CD196" T cells. CONCLUSION: We mapped IBD credible
set SNPs to specific T cell subtypes, highlighting future directions for candidate SNP functional studies. We found changes in T
cell composition and identified differentially expressed genes upon PGE2 exposure in each T cell subtype.
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Abstract:

Chronic low-grade inflammation is part of a complex immune response that contributes to the pathophysiology of cardiovascular
disease, cancer, and diabetes. In this study we evaluated DNA methylation associated with biomarkers of inflammation across
multiple races and ethnicities. We also used genetic instruments to investigate the causal effect of DNA methylation on
inflammation biomarkers to characterize the underlying genetic and epigenetic mechanisms.

We conducted and meta-analyzed epigenome-wide association studies of DNA methylation levels and two inflammation
biomarkers C-reactive protein (CRP) and Interleukin-6 (IL-6) measured in peripheral whole blood among multi-ethnic discovery
cohorts (ARIC, FHS, JHS, MEC, WHI) and diverse replication cohorts (AMISH, CHS, GENOA, and MESA). After quality
control, we performed methylome-wide association analysis on ~420,000 CpG sites using mixed effects linear regression
adjusted for age, sex, body-mass index, smoking, population structure, cell type composition (proportion of WBC species), study
center (when multiple centers in a cohort), and technical covariates (as random effect). For CRP, CpG sites with p < 1.1E-7
(0.05/~420,000 CpG sites) in the discovery stage (n=10,995) were carried forward to an independent sample (n=3,116) for
replication (p<0.05/number of sites). For IL-6, the analysis was only performed as a discovery set (n=4493; WHI, FHS, MESA,
CHS). Two-sample summary-level Mendelian randomization (MR) analyses were performed for the replicated CpG sites
associated with CRP to determine whether differential methylation was causal or consequential to the change in inflammation
marker level.

We identified 992 CpG sites significantly associated with CRP values, and replicated 107 CpG sites at 88 loci (located more than
500kb away from other identified CpG site) in trans-race/ancestry and race/ancestry-combined meta-analysis. We identified 204
significant CpG sites at 161 loci associated with IL-6 in a cross-study analysis (discovery only). Using two-sample MR tests with
inverse weighted regression methods, we identified 21 CpG sites that may mediate differences in in CRP levels.

Overall, we identified multiple novel inflammation-related CpG sites that provide new insights on the association of methylation
and inflammation. On-going analyses will also include sensitivity analyses to evaluate the role of clinical comorbidities and other
potential confounders. Further exploration of MR-Egger and weighted median models may assist in examining directional
pleiotropy, testing heterogeneity, and understanding the direction of the causal pathways.
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Abstract:

Immune disease risk alleles from genome-wide association studies (GWAS) are enriched in non-coding regions. However, bulk T
cell expression quantitative trait loci (eQTLs) have failed to explain most of these alleles’ regulatory consequences. These
variants may have cell-state-dependent effects that are not apparent in bulk analysis because the cell states that mediate disease
may be more granular and thus missing in bulk assays of mixed cell states. Therefore, comprehensive characterization of the
regulatory consequences of disease variants requires a single-cell model of cell states to define eQTLs with heterogeneous
effects.Using a recently published Poisson framework for single-cell eQTL modeling (Nathan, et al. 2022 Nature), we
systematically assessed the cell-state dependence of variants in immune disease GWAS loci in a multimodal CITE-seq dataset of
500,089 memory T cells from a Peruvian cohort. We defined high-resolution, functionally relevant, continuous cell states such as
cytotoxicity and regulatory function by using canonical correlation analysis to integrate whole-transcriptome mRNA and 30 T
cell surface proteins. Testing the associations between each gene and thousands of variants in a dataset of 500K cells is
computationally expensive. To make the single-cell model more efficient without losing power through downsampling, we used
within-individual neighborhood aggregation to reduce dataset size while maintaining structure. A ~5-fold reduction sped up the
model ~5-fold, while effects were concordant with the full dataset (genotype z r2 = 0.97, interaction z r* = 0.89).Focusing on 164
genes where eQTLs colocalize with rheumatoid arthritis GWAS, 54% had state-dependent lead eQTLs from pseudobulk T cell
analysis. However, comprehensive analysis of all cis-variants—including those with weaker bulk effects and outside the
promoter—found 68% had state-dependent effects. This meant that some eQTLs that weren’t significant in the all-T cell analysis
(e.g., GSDMA: rs12451100 beta = 0.13/p = 0.16) were stronger in certain cell states (beta = -1.82/p = 2.7x10 in cytotoxic CD4+
T cells) where they were even stronger than the lead effect (rs34170568 [lead] beta = 0.38/p = 0.20 in cytotoxic CD4+). eQTLs’
state-dependence colocalized with GWAS signals in many loci (e.g., CD226, ORMDL3), and by estimating single-cell effect
sizes from cells’ states, we identified specific cells in which disease-associated eQTLs were strongest. These results suggest that
many disease SNPs lacking bulk eQTLs may have cell-state specific effects, demonstrating the utility of single-cell models to
decipher the regulatory impact of disease variants.
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Abstract:

During aging, hematopoiesis is dysregulated leading to deleterious effects on health and contributes to increased risk for
developing infections, cancer, chronic diseases, and death. However, multiple factors influence the aging process, from ancestry
to environmental exposures and disease history, and are further confounded by age-associated diseases. Here, we profiled with
multi-omics 400 participants selected from the extremes of the age and health risk spectrum to identify genetic, transcriptomic,
and epigenomic features that contributes to healthy aging. We performed whole-genome sequencing, ATAC-seq and single-cell
RNA-seq on over 500,000 cells and created a single-cell RNAseq reference dataset that consists of ~100K cells assigned to 22
clusters. We previously identified cell clusters associated with age and healthy aging, respectively NK and naive B cells in males
and CD4+T memory cells in females. Here, to further identify genes and pathways involved in healthy aging across multiple
subtypes hematopoietic and immune cells, we mapped canonical and context-specific eQTLs across 22 cell clusters to identify
genes and loci associated with health status and age. We identified cell types enriched in context-specific eQTL not previously
mapped from pooled data, notably in CD4+T cells subtypes, suggesting the importance of genetic regulation at the cell-type level
during healthy aging in adaptive cells. We also found context-specific eQTLs having opposite effects across different cell types.
For example, an eQTL of GIMAP4, a GTPase of the immunity-associated protein known to be involved in T- and B-cell
development and survival, shows opposite effect in B- and CD8+ T- cells subtypes in healthy versus non-healthy aged
individuals. Finally, we performed multiple coinertia analyses across four age and health risk groups, which allow for the
simultaneous detection of chromatin and expression features showing covariation in any of our 22 cell clusters. We reveal a
stronger pattern of covariation between open chromatin profiles and gene expression in healthy aged individuals when compared
to non-healthy agers, suggesting common protective epigenetic and genetic changes across cell types in healthy agers. Our results
suggest that healthy agers might be able to delay or escape immunoscenescence through cell type specific regulation and
decreased activation of stress and pro-oncogenic genetic regulatory mechanisms.
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ProgNbr 108. Influenza GWAS of >1 million individuals identifies and experimentally validates two loci
in ST6GALI and B3GALTS and shows that risk factors for COVID-19 are largely distinct from flu
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Abstract:

With few exceptions, genetic variants impacting risk for viral infections remain largely undefined. Even for one of the most
common viruses, influenza, which infects 7% of the population every flu season, no genome wide association study (GWAS) has
been published with more than 1000 samples. Given the success of the latest COVID-19 GWAS, coupled with the observation
that SARS-CoV-2 and influenza viruses cause respiratory illnesses with shared symptoms and etiology, we sought to determine
whether they share host genetic risk factors.

Utilizing self-reported data from the AncestryDNA cohort of individuals who consented to research (18,334 cases with a positive
test for influenza and 276,295 controls), we found that common variants reported to associate with risk of SARS-CoV-2 infection
or COVID-19 hospitalization in previous GWAS are not associated with risk of influenza infection, either individually or in
aggregate. Consistent with these results, genome-wide genetic correlation (7¢) analysis showed that genetic risk factors for
influenza are mostly distinct from those for SARS-CoV-2 infection (P=0.18; re=0.21; 95% CI -0.06-0.48), and only partially
overlapping with those for COVID-19 hospitalization (P=0.004; rz=0.39; 95% CI 0.12-0.66).

In the AncestryDNA cohort, we identified two genome-wide significant loci association with decreased risk of influenza
infection and replicated both in ICD10-based cohorts totaling 30,339 cases and 1,095,953 controls: rs16861415 in intron 4

of STEGALI (P=1.4x10"1°, OR=0.86, 95% CI 0.83-0.90) and rs2837112 in the 3> UTR of B3GALT5 (P = 1.3x10°!°, OR=0.90,
95% CI 0.88-0.92). Neither variant was associated with SARS-CoV-2 infection or COVID-19 hospitalization. The nearest genes
to the influenza-associated loci were ST6GAL1, encoding an enzyme that catalyzes the transfer of sialic acid to galactose in the
alpha-2,6 conformation and B3GALTS, encoding an enzyme that adds galactose to glycan structures. These genes are biologically
relevant as sialic acid bonded to galactose in the alpha-2,6 conformation is an attachment factor for human influenza virus. We
experimentally validated the ST6GAL1 using an in vitro siRNA knockdown assay that resulted in ~50% lower influenza virus
infectivity. Overall, our results show that genetic risk factors for COVID-19 and influenza are largely distinct and identify the
first confirmed and experimentally validated GWAS loci for influenza.
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Abstract:

The ongoing SARS-CoV-2 pandemic continues to pose a major public health threat especially in areas with low vaccination
rates. The COVID-19 Host Genetic Initiative was formed to better understand the biological underpinnings of COVID-19
severity and SARS-CoV-2 infection, and has published GWAS meta-analyses to the community including the last release 6 (June
2021) of up to 125,584 cases and 2.5 million controls.

Here we present the latest (release 7) GWAS meta-analysis of up to 219,692 cases and over 3 million controls from 82 studies
representing 35 countries, of which several are typically underrepresented in genetic studies. We performed a meta-analysis of
three phenotypes: critical illness (respiratory support or death; 21,194 cases), hospitalization (49,033 cases), and lab-confirmed or
self-reported PCR-confirmed SARS-Cov-2 infection (219,692 cases).

We found 30, 40, and 21, loci associated with critical illness, hospitalization, and infection due to SARS-Cov-2 respectively, for
a total of 51 distinct genome-wide significant loci across all three phenotypes - adding 28 new genome-wide significant loci to
the 23 previously identified. Using a two-class bayesian model for classifying loci, we identified 35 loci that are substantially
more likely (>99% posterior probability) to impact disease severity (hospitalization) and 9 loci that influence susceptibility to
SARS-CoV-2 infection.

Gene prioritization analysis highlighted three major biological pathways involved in susceptibility and severity. First, candidate
causal genes located within loci associated with susceptibility to SARS-CoV-2 infection include ACE2, MUCS5B, SFTPD,
MUCI16, MUC4, TMPRSS2, and SLC6A20, and are involved in viral entry pathways. Second, candidate causal genes located
within loci associated with disease severity including TYK2, OSA1, IFNARI/IFNAR2, JAK1, STATI1, and STAT2, play a role
in the type I/II interferon pathway. Dysregulation of the immune response resulting from insufficient or delayed interferon
response is observed in patients with severe COVID-19. Finally, several loci contain genes involved in the upkeep of healthy
lung tissue and which have been previously associated with respiratory disease, lung cancer, or interstitial lung disease including
DDP9, SFTPD, FOXP4, and MUCS5B. In summary, this data release substantially expands the number of loci associated with
COVID-19 severity and susceptibility and highlights pathways involved in the maintenance of the immune system and its
regulation after viral exposure, and the upkeep of healthy lung tissue. The HGI's results are immediately made available at
covid19hg.org with no restriction of use.
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ProgNbr 112. Using Saturation Mutagenesis-Reinforced Functional Assays (SMuRF) to accelerate the pathogenicity
identification of variants of uncertain significance

Authors:
K. Ma, S. Huang, N. Lake, K. Woodman, A. Lek, M. Lek; Yale Univ., New Haven, CT
Abstract:

The rapidly increasing list of variants of uncertain significance (VUS) discovered in individuals and our inability to interpret
clinical consequences of these rare missense variants is an unappreciated challenge in the diagnosis of rare diseases. To address
this urgent issue, we developed an adaptable high-throughput workflow called SMuRF (Saturation Mutagenesis-Reinforced
Functional assays). SMuRF contains two components: 1) An accessible and adaptable cloning workflow to generate lentiviral
plasmid library carrying all-possible small size variants, and 2) High throughput assay that characterizes the functional outcome
of a variant directly correlated to the disease in contrast to measuring general properties such as protein stability or expression
patterns. Dystroglycanopathies are caused by mutations of enzymes involved in the glycosylation of Alpha-dystroglycan (Alpha-
DG). Here we report SMuRF’s potential in characterizing all-possible single nucleotide variants of the FKRP enzyme and its
impact on Alpha-DG glycosylation. We employed the FKRP lentivirus library to a perform a functional rescue in FKRP knock-
out cell line. This rescue can be quantitated for each variant by using the IIH6C4 antibody that detects glycosylated Alpha-DG
and can be used to separate cells by flow cyometry into high and low glycosylation groups, which enrichment can be quantitated
by Next Generation Sequencing (NGS). We successfully generated functional scores for 4432/4455 (99%) of all

possible FKRP single nucleotide variants (SNVs) and our result showed the expected trend for synonymous to have similar
scores to wildtype and nonsense variants to be the most damaging. An analysis using ClinVar variants for FKRP was able to
show 41/42 (98%) pathogenic and 140/150 (93%) benign variants have similar function scores to nonsense and synonymous
variants, respectively. We are currently working on improving the versality of our SMuRF approach by 1) building variant
plasmid library for other dystroglycanopathy genes, like LARGE1, and 2) developing flow cytometry-independent functional
assays. We anticipate, with more adaptable components of the workflow, we can further expand applicability of SMuRF across
different disease mechanisms in the hope to accelerate the interpretation of rare variants.
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ProgNbr 113. Machine learning and genome editing to resolve variants of uncertain significance in 7SC2
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Abstract:

Tuberous sclerosis (TS) is a multisystem mTORopathy characterized by benign tumors, drug-resistant epilepsy, and other
cognitive manifestations, affecting 1 in 6,000 individuals born in the United States. This condition is caused by loss-of-function
(LoF) genetic variants in the TSC1/2 complex, which result in constitutive mTOR signaling. As a result, ongoing clinical trials
are testing mTOR inhibitors as a precision therapy for individuals with TS. However, access to precise treatment requires a
precise genetic diagnosis. In 7SC2 alone, more than 2,220 variants of uncertain significance (VUSs) have been documented in
ClinVar—and this number is likely to increase as next-generation sequencing becomes increasingly affordable and accessible. To
address the growing challenge presented by VUSs, there is a critical need to develop tools to resolve their functional impacts. Our
long-term aims are to (1) develop a 7SC2-specific machine learning (ML) algorithm for variant pathogenicity prediction and (2)
establish a high-throughput functional assay for 7SC2 VUS resolution. We have developed a ML model which utilizes ~20
features associated with variants in 7SC2, including features related to evolutionary conservation and protein structure. We have
also validated a functional assay whereby phosphorylation of S6 (P-S6), a well-characterized biomarker of mTOR pathway
activity, distinguishes pathogenic from reference alleles. As a proof of principle, we used CRISPR/Cas9 genome editing to
knockout 7SC2 in HAP1 cells. We then pooled TSC2X® and TSC2WT cells and tested whether FACS sorting by P-S6 level would
be sufficient to enrich for cells with TSC2 LoF. Indeed, we observed that cells with high S6 phosphorylation were enriched for
TSC2KO alleles. We next tested a known pathogenic missense variant, TSC2 p.Arg611Gln. Similarly, cells with constitutive
mTOR signaling (high P-S6) were enriched for TSC2 p.Arg611Gln relative to unsorted cells or cells with low P-S6. Based on
this and our previous work on mTORopathy-associated variants in SZ72, we conclude that sorting based on P-S6 labeling
distinguishes LoF variants from WT. We will adapt this approach to incorporate prime editing-mediated saturation genome
editing, increasing throughput to thousands of 7.SC2 variants. This data will be used to test the validity of our ML pathogenicity
predictions and to refine the performance of this classifier. This gene-specific workflow for improving the rate of VUS resolution
is readily adapted to perform in other mTORopathy genes, such as NPRL2, MTOR, and DEPDCS.
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ProgNbr 114. Functional classification of all possible SNVs in VHL using saturation genome editing
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Abstract:

Germline mutations in VHL predispose individuals to various tumors, including renal cell carcinoma (RCC), hemangioblastoma,
and pheochromocytoma. In ClinVar, over 700 variants of uncertain significance (VUS) have been reported in VHL, and hundreds
of somatic variants have been encountered in tumor sequencing. Yet, the molecular mechanisms linking distinct VHL mutations
to specific tumors have proven enigmatic. Saturation Genome Editing (SGE) uses multiplex CRISPR engineering to assay many
human variants per experiment. Here, we applied a highly optimized SGE protocol to characterize nearly all possible single
nucleotide variants (SNVs) in VHL coding regions. SNVs causing complete and partial VHL loss-of-function (LoF) were
identified using next-generation sequencing and variants’ effects on transcript abundance were measured with RNA-sequencing.
In total, over 1,500 VHL SNVs were functionally scored, tiling nearly the complete coding sequence. The assay displays >95%
sensitivity and 100% specificity for identification of pathogenic Type I VHL Disease variants. Sequence-function mapping
delineates structurally critical regions of VHL intolerant to missense variation, nonsense variants in N- and C-terminal regions
without deleterious effects, and dozens of splice-disruptive variants constituting a dosage-dependent gradient of functional
impairment. Furthermore, 10% of VUS and 6% of variants absent from germline databases scored as LoF. We

anticipate VHL SGE data will be immediately valuable for improving variant interpretation clinically. Furthermore, this work
illustrates that systematic generation and analysis of functional data in light of structural information, human genetics data, and
predictive models enables linking variants to the molecular mechanisms underlying cell-type specific phenotypes.
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ProgNbr 115. A novel method to profile missense variation in extracellular proteins at scale reveals biochemical features
important for expression and secretion of coagulation factor IX
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Abstract:

Multiplexed Assays of Variant Effect (MAVESs) are a powerful tool for assessing the effects of variation in proteins to understand
sequence-function relationships, inform biological structures, and infer pathogenicity in clinical settings. Currently, the genes that
can be studied with MAVEs are limited to those which encode for intracellular or membrane-bound proteins, because functional
selection on the protein and the subsequent genomic DNA sequencing readout for identifying variants must be spatially
connected within an individual cell. We hypothesized that cell surface display, as has been used in yeast and phage, could be
adapted for use with MAVEs in mammalian cells. By fusing an extracellular protein to a single pass transmembrane domain,
protein variants can be displayed on the surface of mammalian cells and assayed for function, thus re-establishing the spatial
connection between functional selection and genomic DNA sequencing readout necessary for MAVEs.

As proof of concept for our mammalian cell-surface display system, we first assayed for expression of coagulation factor IX
(FIX), a secreted plasma protein. Variation in the F'9 gene can cause decreased levels of circulating FIX, leading to the
coagulation disorder hemophilia B. We applied this technique to a library of nearly all missense variants in FIX to profile each
variant’s effect on FIX secretion. We find that 37.7% of missense variants are poorly secreted in our system. Furthermore, our
secretion assay alone explains half of the variance in clinical FIX antigen levels from a multinational database of patients with
hemophilia B. We further find that cysteine substitutions have uncharacteristically strong negative effects on FIX expression,
supporting an important role for disulfide bonds and redox conditions in the production and expression of FIX. These findings
contrast with data from cytoplasmic proteins where cysteine substitution is generally well-tolerated. Lastly, we expand our cell
surface display system to other proteins, showing the generalizability of our method for assessing variation in secreted proteins at
scale.
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ProgNbr 116. The landscape of regional missense mutational intolerance quantified from 125,748 exomes
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Abstract:

Missense variants have been broadly established to play a key role in common and rare human diseases. However, interpreting
these variants remains challenging, as their functional consequences are highly variable depending on their location and amino
acid substitution. The initial derivation of the missense badness, PolyPhen-2, and constraint (MPC) score from EXAC data sought
to integrate information about subgenic regional missense constraint (RMC) and variant-level metrics to predict missense
deleteriousness. While these metrics have been employed across massive disease association efforts, their resolution remained
limited, primarily due to the size of the EXAC dataset (N = 60,706). Recently developed population references of much greater
size and diversity now offer increased power to strengthen the precision of these metrics and elevate their utility. Here, we
leverage the power of 125,478 exomes in gnomAD v2.1 to update the MPC and RMC metrics for broad application in association
studies and variant interpretation. Major method refinements improve the model of expected missense variation and introduce
per-base resolution of constrained region breakpoints. The updated metrics will be available in the gnomAD browser, and the
underlying codebase has been released in an open-source GitHub repository. Using the updated metrics, we discover 3,655
canonical gene transcripts that harbor regional differences in missense constraint, 52.3% of which had not been detected with
ExAC. Genic regions predicted to be highly constrained (observed/expected missense fraction < 0.4) are found to align more
closely with protein domains. Initial analyses reveal a 10-fold enrichment of de novo missense mutations predicted to be highly
deleterious (MPC > 3) in 37,488 individuals with neurodevelopmental disorders compared to unaffected individuals, and an
increase in predicted deleteriousness percentile of pathogenic haploinsufficient ClinVar missense variants (Wilcoxon p = 0.001)
consistent with their putative phenotypic impact. Further expansion of population reference sets will continue to enhance the
accuracy with which constrained regions can be defined, which is supported by the observation that transcripts with more
expected missense variants are predicted to have more regional differences in missense constraint (Pearson’s » = 0.30, p < 10719,
The improved metrics described here provide a finer resolution on the landscape of missense constraint across the coding
genome, and we expect they will be of value to clinical variant interpretation and gene discovery efforts in human disease.
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Abstract:

Current variant prediction methods are designed to discriminate pathogenic and benign missense variants. However, further axes
of information are needed to achieve a holistic representation of the genotype-to-phenotype map. For instance, basic genetic
attributes such as mode of inheritance (MOI) information are missing from current annotation pipelines. Recent attempts to
develop MOI prediction tools show moderate discrimination performance, lack robust validation and are insensitive to recessive-
acting mechanisms. Recessive variants are particularly hard to identify due to the scarcity of family pedigree data, making
computational tools an important asset to tackle recessive-acting diseases in clinical practice. The lack of clinically useful MOI
prediction tools highlights a need for robust recessive variant identification techniques.Here we present MOI-Pred, a three-way
variant-level MOI prediction tool that labels missense variants as pathogenic for autosomal recessive (AR) disease, pathogenic
for autosomal dominant (AD) disease, or benign. MOI-Pred fits a random forest algorithm to 1,248 dominant and 2,481 recessive
pathogenic variants from ExoVar, together with 3,729 presumably benign variants from gnomAD. These were annotated with 78
features providing evolutionary, functional and allele frequency information. Predictions from the three-way classification model
were validated using 255 dominant and 261 recessive pathogenic variants from ClinVar, together with 1,010 presumably benign
variants from GEM not seen by MOI-Pred nor any of its constituent scores, ensuring reliable performance metrices in novel
variation. MOI-Pred shows strong ability to discriminate variants across the three classes with AUROC=0.99/0.99/0.96,
sensitivity 0.85/0.87/0.93, and specificity 0.98/0.99/0.86 for AR/AD/benign classes. Additionally, validation of the MOI-Pred
predictions using real world electronic health record data shows MOI-Pred recessive predictions are enriched for recessive
associations with human diseases (odds ratio = 4.30, 95% CI=4.07 to 4.55) in ClinVar Pathogenic variants. Finally, we
demonstrate utility of MOI-Pred for clinical assessment of individual variants. Single variant association testing of predicted AR
variants from MOI-Pred identifies three recessive associations for clinical diseases in the EHR-linked BioMe Biobank. To date,
MOI-Pred is the only approach that can predict MOI with high discrimination, robust validation and demonstrated clinical utility.
MOI labels for 71M human missense variants can be found at https://github.com/rondolab/MOI-Pred/.
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ProgNbr 120. Single-cell transcriptomic and epigenomic dissection of Alzheimer's disease pinpoints causal GWAS variants and
reveals epigenome erosion
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Abstract:

Genetic studies of Alzheimer’s disease (AD) revealed multiple associated loci, providing hope for new therapeutic insights.
However, the vast majority of AD-associated variants lie outside protein-coding regions, making it difficult to recognize driver
variants, target genes, and the cell types where they act. Interrogating the epigenomic landscape and regulatory circuit of healthy
and AD individuals in a cell-type specific manner can help pinpoint the GWAS variants and establish the mechanistic links
between these variants and disease etiology. Here, we profile single-cell ATAC-seq and single-cell RNA-seq from the prefrontal
cortex of 92 individuals at various stages of AD progression (29 early-AD, 15 late-AD, 48 age-matched controls). We capture
1M cells after QC, which we annotate into 11 subtypes of excitatory neurons, 13 subtypes of inhibitory neurons, microglia,
oligodendrocyte, astrocyte, OPC, and vascular cells. We show that scATAC peaks in microglia strongly and specifically enrich
for AD GWAS signal, concentrated in annotated enhancers showing H3K27ac and lacking H3K4me3. We integrate scATAC and
scRNA data to link non-coding variants to candidate target genes through enhancer-gene linking, across multiple lines of
evidence, including: (1) cell-type-specific and AD-differential accessibility; (2) scATAC QTLs; (3) QTL-GWAS colocalization;
(4) transcription factor binding enrichment; and (5) gene-peak linking with ATAC co-accessibility, HiIChIP, EpiMap, and eQTL
information. These analyses result in high-confidence fine-mapped variants, including for well-known AD driver genes BIN1 and
PICALM.Late-stage AD samples showed a striking global change in their chromatin accessibility landscape indicative of
genome-wide “epigenome erosion”, whereby accessible regions close and inaccessible regions open, indicative of loss of cell
type identity. These changes were also reflected in our matched transcriptional profiles, with cells from epigenome-eroded
individuals strongly enriched for transcriptionally-deidentified cells whose expression patterns lie between other cell types,
particularly for excitatory neurons and oligodendrocytes. Overall, our study provides a systematic comparison between the
epigenomic landscape of healthy and AD cohorts at single-cell resolution, pinpoints candidate AD-driver variants and genes, and
reveals global changes indicative of late-stage dysregulation.
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ProgNbr 121. Genome-wide circRNA dysregulation contributes to Alzheimer’s disease pathogenesis
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Abstract:

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder and the most prevalent cause of dementia with no curative
treatments available to date. While major efforts focus on characterizing the functions of AD risk coding genes, the contribution
of non-coding RNAs in AD pathogenesis remains largely unknown. Circular RNAs (circRNAs) are a novel class of covalently
closed non-coding RNAs that are highly enriched in the brain and stable and accumulable during aging progression. Recent data
established a strong link between circRNA expression and AD onset, progression and severity. However, mechanism and
dynamic regulation of circRNA landscape prior and after early AD onset is not investigated. Our recent work established a robust
and sensitive platform to identify genome-wide circRNA landscape combining published A-tailing RNase R approach with our
computational framework CARP (CircRNA identification using A-tailing RNase R approach and Pseudo-reference alignment).
Using A-tailing and CARP, we generated accurate and comprehensive cortical circRNA landscape and dynamic regulations from
5xFAD mouse model and their littermate controls spanning several aging points. We identified circRNA dysregulation in critical
time window of AD early onset and further classified them into different groups according to their dynamic expression patterns
during aging. We explored the potential biological roles of key circRNA associated with AD in interfering with miRNAs and
RNA-binding proteins. In particular, we found a circRNA that highly conserved between mouse and human and could sponge
multiple AD related miRNAs to regulate expression of their targets, which are significantly functional enriched in neurogenesis
and neuron differentiation. Importantly, the relatively low expressed circRNAs that could specifically be detected by A-tailing
method also contribute to miRNA sponge through additive effect. At the circRNA biogenesis level, circRNAs that dysregulated
in AD were regulated by either rans regulatory element RBPs that bind to their flanking intron and cis element A-to-I editing in
the reverse complementary elements in their flanking intron. Together, our advanced experimental and computational method
identified conserved dysregulated circRNA in early AD onset as well as molecular mechanism of their function and biogenesis.
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ProgNbr 122. Spatial transcriptomics based gene interactions analysis in AD brain
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Abstract:

Although previous studies have explored the spatial gene expression profiles of Alzheimer’s Disease (AD) brain by spatial
sequencing experiments, the annotation of brain region, phenotype (AD and wild-type (WT)) and AP index information allowed
the research for unique genome-wide transcriptomic association features in different spatial and pathological states. However, the
dynamic gene interactions on different aspects during AP accumulation remain largely unknown.

In this study, we performed ligand-receptor (L-R) communication, Transcription factor (TF) regulatory network and spot-specific
network (SSN) analyses to reveal gene associations based on a spatial transcriptomics dataset of App knock-in mouse mode. In
general, our work revealed 17 L-R pairs with contrary tendencies through Ap accumulation process and showed the specific L-R
interactions across the whole brain areas or hippocampus layer in different extent of pathological change. To explore the function
of unique L-R pairs that are only differentially expressed in one region pair (whole brain areas or hippocampus (HP)), we
searched their scores in the AlzData database. Whole brain unique L-R pair gene CNR2, IL15, DLL1 in 3w group, ROR2, C3,
CXCL16 in 18w group and HP layer unique L-R pair gene C3, FGFR2, CNR2 in 3w group, FLT1 in 18w group got the highest
convergent functional genomic (CFG) score, revealed the potential of unique L-R pairs” AD related function. We also identified
nerve function related TFs in HP and ENTI. A gradually up-regulated regulon cluster (cluster A) in HP was involved in negative
regulation of humoral immune response and DNA-binding transcription activator activity, RNA polymerase II-specific GO
terms. This dynamic change showed cluster A regulons may be related to the humoral immune response and the catastrophic
failure of transcription-related molecules (especially RNA polymerase II)’ transport between the cytoplasm and the nucleus in
late AD neurotoxic process. GO analysis results of 32 active regulons in the L1 and L2 group of early affected ENTI area
revealed their wide influences at early AD stage including neurotransmitter, synaptic and cognition related functions. We then
calculated different network degree matrix (NDM) value genes with different transcriptomic interactions state to reveal unique
gene connections in certain phenotype (WT/AD) of different brain regions and age groups.

This is the first study to identify the gene associations through AP accumulation based on spatial transcriptomics and establishes
the foundations to reveal advanced mechanisms of AD in a new perspective based on the spatio-temporal comprehensive gene
interactions.
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ProgNbr 123. Large-scale multi-omic analyses in CSF identified multiple causal and druggable targets for Alzheimer's disease
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Abstract:

Expression quantitative trait locus (eQTL) studies have been instrumental in pinpointing the functional genes and identifying
drug targets for many complex diseases. However, we and others have demonstrated that QTLs using other omic layers (proteins,
metabolites, and lipids) do not overlap with eQTL and provide a biological context for additional GWAS loci. Cerebrospinal
fluid (CSF) biomarkers are one of primary diagnostic tools in Alzheimer’s disease (AD), highlighting CSF’s relevance to brain
aging and AD pathology. There were protein (pQTL) and metabolite QTL (metabQTL) studies using CSF, but only in small
sample sizes. Here, we present a large-scale CSF pQTL and metabQTL analysis of over 3,000 individuals. We generated
proteomics (Somalogic; 7,584 proteins) and metabolomics (Metabolon; 440 analytes) data for 3,065 individuals in CSF. After
rigorous quality control, we performed QTL analysis using genomic data imputed using HG38 TOPMed reference panel, in three
stages: discovery, replication, and meta-analyses. We performed colocalization of our QTLs with GWAS for AD risk. Mendelian
randomization (MR), protein-wide and metabolite-wide association study (PWAS/MWAS) using FUSION was performed to
identify proteins and metabolites that are causal for AD. In our proteomic analysis, we identified a total of 2,472 significant
pQTL (1,297 in cis and 1,175 in trans), of which 1,339 are novel. Of the 99 GWAS loci for AD risk, 68 had a pQTL with
suggestive significance (1x107) and 36 with genome-wide significance (5x10-%). PWAS analyses identified over 25 proteins
causal for AD that are enriched in multiple pathways including amyloid beta metabolism (APOE, ACE and CNTN2),
endolysosomal (GRN, CTSH, CLNS5 among others) and immune pathway (TREM2, CD33, IL34 among others). In our
metabolomic analysis, we identified 192 (113 novel) metabQTL. Of these, 16 metabQTL colocalized with AD risk loci. These
metabolites are enriched on cortisol and sphingomyelinase cholesterol pathways. This study represents the largest QTL analysis
of CSF to date and identified hundreds of novel pQTL and metabQTL. Many of our CSF pQTLs were distinctive from recently
published plasma pQTLs, indicating the presence of many tissue-specific signals. We also identified several causal and druggable
proteins and metabolites for AD. This highlights a need for QTL studies in additional tissues including CSF, a good proxy for
brain tissue. Our findings elucidate the pathological events that lead to AD, which can provide critical insights for clinically
translatable interventions for prevention and treatment.
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ProgNbr 124. Rare-variant analysis of whole-genome sequence data obtained from multi-ancestry families identifies new genes
associated with late-onset Alzheimer's disease
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Abstract:

Late-onset Alzheimer’s disease (LOAD) is the most common form of AD. Existing literature suggests AD is genetically
heterogeneous with a heritability of 60-80%. Only a small fraction of AD heritability can be attributed to common genetic
variants that were identified through population-based genome-wide association studies (GWAS). Rare variants (RV) also likely
contribute to AD heritability. Here we report on a family-based, multi-ancestry RV association study for LOAD using whole-
genome sequence (WGS) data. We analyzed 1,068 families from the Estudio Familiar de Influencia Genetica en

Alzheimer (EFIGA) and NIA-LOAD cohorts with N=3,479 members with WGS data [313 European families (N=1,042), 553
Caribbean Hispanics families (N=2,133), and 198 African American families (N=288)]. We also analyzed case-control exome
sequence data from the Alzheimer’s Disease Sequencing Project (ADSP), consisting of 2,142 Caribbean Hispanics, 3,988
African Americans, and 11,123 individuals of European ancestry. Generalized linear mixed models were used to implement
gene-based RV aggregate association tests via the SMMAT software, Gene level meta-analyses were performed across
ancestries. For the multi-ancestry LOAD families, we identified 10 associated genes [p-value < 2.8 x 10°° (Bonferroni correction
for testing ~18,000 genes)]. Of the 10 identified genes, TNFRSF21, EML6, and AHI1 are differentially expressed genes (DEG)
for LOAD pathology in single-cell data, and TNFRSF21, CACNG7, RAP2B, AHII, and SPRED] are DEG in bulk RNA-seq data.
These genes, along with RAP2B, HSF2, and POGZ, have previously been reported to be involved in AD-related
neurodegenerative and neuropsychiatric disorders but were not identified in GWAS studies. Meta-analysis of the families with
the case-control ADSP data revealed several additional genes, including KCNJ15 which was previously reported to be associated
with AD in a Chinese cohort common variant GWAS. Additionally, several previously published LOAD GWAS genes,
including ADAMTS16, ABI3, ADAMTS12, AMMECRIL, APHIB, CABINI, CLUH, EPDRI, and SORLI showed suggestive
evidence of association (p-value < 0.01) in our RV aggregate analysis, suggesting that common and rare variants in the same
gene may confer LOAD risk. Our work also demonstrates the important role a multi-ancestry family-based design plays in the
study of complex traits.
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ProgNbr 125. Multi-ancestry genome-wide association analysis of late-onset Alzheimer's disease (LOAD) in 60,941 individuals
identifies novel cross-ancestry loci
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Abstract:

Increasing diversity in genomic studies is critical for identifying variants more prevalent in or specific to different ancestries to
better characterize LOAD genetic architecture. We created and analyzed a multi-ancestry collection of GWAS in the Alzheimer’s
Disease Genetics Consortium (ADGC) to identify novel LOAD susceptibility loci and characterize shared and unique LOAD
genomic risk profiles between ancestry groups. We included GWAS genotype and phenotype data on 38,774 non-Hispanic White
(NHW), 7,454 African American (AA), 11,436 Hispanic (HI), and 3,277 East Asian (EAS) subjects, all imputed to the NHLBI
TOPMed v5 reference panel. We performed a two-stage analysis: (1) single-variant association using score-based logistic
regression for case-control and cohort studies and generalized linear mix-model for family-based datasets, followed by a within-
ancestry fixed-effects meta-analysis using METAL; and (2) cross-ancestry meta-analysis of within-ancestry summary statistics
using the random-effects model (RE2) in METASOFT. Covariates included onset/exam age, sex, and principal components for
population substructure. In addition to APOE region associations, we observed eleven known loci with cross-ancestry genome-
wide significant associations (P&It;5%10%)

at/near CRI, BINI, TREM2, CD2AP, NYAPI, CLU, PTK2B, ECHDC3, MS446A, PICALM, and ABCA?7. Four novel loci were
identified on chromosomes 2q24.3 (rs74439126 near FIGN/GRB14, P=4.70x10%), 8q24.3 (rs34173062 in SHARPIN, P=1.24x10-
%), 11p12 (rs12576934 near LRRC4C, P=1.74x10%), and 12q24.13 (rs115185024 near LHX5-4S1, P=3.68x10%). Highly
heterogeneous association patterns were observed across ancestries: signals at 2q24.3 and 12q24.13 were driven by the HI
ancestry group (P=2.32x10" and P=7.66x101°, respectively), while for the 8q24.3 and 11p12 loci, suggestive associations were
observed in one ancestry (NHW) (P=1.38x10"7 and P=1.81x10, respectively) with nominal significance in the HI ancestry
(P=3.20x10"* and P=0.04). Follow-up analyses are in progress, including cross-ancestry fine-mapping, gene-based analyses, and
eQTL analyses. These novel loci include strong biological candidates: LRRC4C (Leucine-Rich Repeat Containing 4C;
MIM:608817) encodes a ligand influencing axon guidance and that regulates thalamocortical axon development/function,

while SHARPIN (SHANK associated RH domain interactor; MIM: 611885) has been associated with dementia-related traits and
is implicated in inflammatory pathways related to AD. Multi-ancestry studies with even larger sample sizes are necessary to
further elucidate the genomic underpinnings of LOAD.
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Abstract:

Lung cancer is one of the most common malignant tumors worldwide. With lung cancer having a poor prognosis, early
diagnosis and treatment are essential for patient survival, as well as for precision medicine, efficacy monitoring, and
prognosis prediction. However, there is no reliable method for detecting lung cancer in its early stage. Even though
Bronchoalveolar lavage (BAL) fluid has emerged as a promising source of information for diagnosing lung cancer, its
usage has been limited to diagnosing interstitial lung diseases and infectious diseases because there is no adequate method
to detect lung cancer signal. Thus, we present an MRE-seq-based analysis that can distinguish lung cancer from benign
disease through methylation pattern analysis of using BAL fluids and present its clinical usability.

For this study, 20 patients with lung cancer and 20 patients with benign disease were enrolled respectively. And BAL fluid
was collected from each patient. DNA sample isolated from each BAL fluid was subjected to MRE-seq to analyze the
methylation status of the DNA. A variety of machine learning algorithms such as XGBoost, AdaBoost and RGF were then
used to determine the difference in methylation patterns between 20 lung cancer samples and 20 benign disease samples.

About 1000 markers were selected for each Leave-One-Out Cross-Validation using markers that showed at least twice the
intensity in cancer samples compared to positive samples, and XGboost analysis was performed using these markers to
obtain the most accurate results. AUC for lung cancer risk prediction model with BAL fluid is 0.96 which shows 95%
sensitivity was achieved at 100% specificity.

Methylation profile analysis of DNA from BAL fluid has demonstrated excellent performance in distinguishing between
lung cancer and benign diseases, and could be applied as a diagnostic tool.
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Abstract:

Cell differentiation involves coordinated regulation of the epigenome on multiple levels, from DNA methylation (DNAme) to
chromatin accessibility (ChrAcc). Canonical models of gene regulation assume that ChrAcc and DNA demethylation are
prerequisites for gene transcription. However, our recent work demonstrates that DNAme and chromatin dynamics are not as
tightly linked as previously thought, challenging the causal relationship between DNAme and transcription.

Using ATAC-Me, a method developed by our lab to simultaneously profile DNAme and ChrAcc, we investigated the
coordinated dynamics of DNAme and ChrAcc during a densely sampled time course of early neural progenitor cell
differentiation. We show that ChrAcc responds quickly, and transiently in some genomic contexts, to induction of differentiation
with ~38,000 regions displaying dynamic ChrAcc behavior. Many of these regions (the majority of which are lineage specific
enhancers) display concordant changes, where decreases in DNAme accompany increases in ChrAcc. However, a substantial
subset shows discordant temporal behaviors, where regions become hypomethylated despite opening and closing of chromatin. In
contrast to ChrAcc and transcriptional changes that begin as early as 6 hours post-induction, the greatest loss in DNAme occurs
several days later, primarily during a specific window of time coinciding with increased TET expression and peak 5-
hydroxymethylation levels, confirming active removal of methylation at these sites. Using RNA-seq and transcription factor (TF)
footprinting, we identified differentially active TFs and determined their binding states, finding specific TF binding patterns echo
the relationship between ChrAcc and DNAme.

Overall, we show that a majority of lineage-specifying enhancers undergo periods of DNA demethylation that is temporally
distinct from other regulatory events. Furthermore, hypomethylation of these regions persists long after TF binding and ChrAcc
have dissipated, suggesting that long-lasting hypomethylation of certain enhancers is a historical record of previous activity. Our
findings provide important context as to when DNAme exerts its regulatory function and suggests that DNA demethylation at a
distinct subset of enhancers is a critical switch reinforcing phenotypic transitions during cell fate specification.
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ProgNbr 130. Profiling pre-diagnosis plasma cell-free DNA methylomes up to seven years prior to clinical detection reveals early
signatures of cancers
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Abstract:

Profiling cell-free DNA (cfDNA) patterns has emerged as a prominent non-invasive biomarker for early detection and subtyping
of cancers. However, owing to difficulties in observing the early development of human malignancies as cancers are often
detected once they become symptomatic, most cancer biomarker and evolution studies to date have primarily examined the
genomics from solid tumour or liquid biopsies following a diagnosis. Utilizing cfDNA as a screening tool for early cancer
detection requires profiling of blood plasma samples collected from asymptomatic individuals prior to the diagnosis of cancers to
enable assessment of the earliest detectability and predictive performance of potential biomarkers. Here, we leverage the
Canadian Partnership for Tomorrow’s Health Project (CanPaTH), to profile blood plasma collected prior to the clinical detection
of underlying cancers. Specifically, we use cell-free methylated DNA immunoprecipitation and high-throughput sequencing
(cfMeDIP-seq), a highly sensitive assay for profiling cfDNA methylomes, to profile over 300 blood plasma samples collected up
to seven years prior to the detection of a breast, prostate or pancreatic cancer, in addition to matched controls with no history of
cancer free through follow-up. We identified differentially methylated signatures in pre-diagnosis cfDNA that discriminated
cancer-free controls from pre-diagnosis cancer cases over five years before diagnosis, and demonstrated that these markers were
reflective of methylation profiles from the originating cancer tissue. Further, predictive modelling reveals that cfDNA
methylation markers in blood are predictive of pre-diagnosis breast cancer cases, achieving an AUROC of 0.852 among held-out
pre-diagnosis test samples and 0.925 among an external test set of post-diagnosis breast cancer and control samples. Likewise,
we demonstrate that cfDNA methylation markers predictive of early breast cancers were detectable among individuals that tested
negative for a mammogram screening within one year of biologic collection and among individuals diagnosed before 50,
preceding the recommended age for mammogram screening in Canada. Further, predictive models trained solely with pre-
diagnosis cfDNA methylation samples were also generalizable and predictive of prostate and pancreatic cancer samples collected
following diagnosis, achieving average test AUROCs of 0.95 and 0.96. In our current studies, we focus specifically on breast,
prostate, and pancreatic cancer cases, and are extending this to further pan-cancer applications in subsequent investigations.
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ProgNbr 131. MeOW: genome-wide identification of differentially methylated regions from Oxford Nanopore long-read
sequencing data
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Abstract:

Despite advances in both clinical and research genetic testing nearly 50% of individuals with a suspected genetic disorder remain
undiagnosed after a complete evaluation. Many groups are interested in applying long-read sequencing (LRS) technology to these
unsolved cases with the goal of identifying disease-causing variants either missed or difficult to detect with prior testing
modalities. LRS is unique in that as a single data source it can be used to identify single nucleotide variants (SNVs), insertion or
deletion variants (indels), structural variants (SVs), and differences in methylation. While many tools exist for the identification
and analysis of SNVs, indels, and SVs, there are few, if any, able to perform genome-wide evaluation for differentially
methylated regions (DMRs) that may contribute to disease.

Here we present Methylation Optimization Wizard (MeOW), a program to identify and prioritize DMRs genome-wide from
Oxford Nanopore LRS data. MeOW can be run either with a file containing counts of per-nucleotide methylated CpG sites or
with a bam file containing modified base tags in hts-specs format. MeOW runs quickly, taking approximately 20 minutes to
complete analysis on a human genome at 40x coverage on a modestly powered computer. We have found that MeOW has 100%
sensitivity for identifying DMRs in a cohort of individuals with known imprinting disorders such as Prader-Willi syndrome,
Angelman syndrome, and Beckwith Wiedemann syndrome. Using MeOW on a cohort of individuals who have remained
unsolved after comprehensive clinical testing revealed high-priority DMRs for additional evaluation. MeOW will simplify
genome-wide analysis of challenging unsolved cases and permit identification of novel DMRs associated with human disease.
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ProgNbr 132. Whole blood-based epigenome-wide association study of renal cell carcinoma reveals hypomethylation of a
human-specific sequence in the second intron of PCBD2
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Abstract:

Background

Renal cell carcinoma (RCC) is the fourteenth most common cancer worldwide, accounting for approximately 4% of all cancers.
More than 70% of RCC cases are clear cell RCC (ccRCC). To date, no reliable biomarkers for the detection of ccRCC have been
identified. The aim of this study was to identify blood-based DNA methylation (DNAm) markers for the early detection and
treatment of ccRCC.

Results

To identify ccRCC-associated DNAm markers, we performed targeted bisulfite sequencing (TB-seq) and an epigenome-wide
association study (EWAS) using whole blood-derived DNA from 50 ccRCC patients and 50 healthy controls in the discovery
phase. EWAS was performed using a linear regression model. The analysis was adjusted for age, sex, and the estimated cell-type
composition. In the replication phase, the accuracy of the identified ccRCC-associated CpGs was verified in 48 independent
ccRCC patients and 48 healthy controls. We identified six ccRCC-associated hypomethylated CpGs in the second intron of
pterin-4 alpha-carbinolamine dehydratase 2 (PCBD2) in the discovery phase (p < 1.75 x 10®), of which four were replicated in
the replication phase (p < 2.96 x 10'). The sum of the DNAm levels at the six CpGs was a valid indicator of ccRCC both in the
discovery (area under the receiver operating characteristic curve [AUC-ROC] = 0.922) and in the replication phase (AUC-ROC =
0.871). Moreover, the results of cis-expression quantitative methylation analysis suggest that the DNAm levels of the ccRCC-
associated CpGs affect the gene expression of transcription factor 7 (TCF7) and voltage-dependent anion-selective channel 1
(VDAC1I), which are involved in cancer progression. Interestingly, homology searches revealed that this region is a sequence
unique to the human genus, as it was not found to be present in chimpanzees or gorillas, and was presumed to be the result of a
transposition from the mitochondrial genome into the nuclear genome.

Conclusions

In this study, we identified six ccRCC-associated CpGs in the human-specific second intron of PCBD2 via EWAS using blood-
derived DNA. We found that the DNAm level of these CpGs is a potential biomarker for early ccRCC detection; the value of this
biomarker requires investigation in future studies.
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ProgNbr 133. An epigenome-wide association study (EWAS) of allergic sensitization in children of diverse ancestry using a
custom allergy & asthma array reveals an enrichment for differentially methylated high-value CpGs compared to the EPIC array
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Abstract:

The epigenome plays a critical role in regulating gene expression in a context-specific manner, such as in the presence of
environmental exposures or disease states. However, much of the DNA methylome remains unexplored, in part because our
knowledge is largely limited to the CpGs on commercial arrays, which comprise <5% of CpGs in the human genome. We
addressed this gap by using a custom Allergy&Asthma DNA methylation array (Morin et al. 2022;
https://doi.org/10.1101/2022.05.19.22275204) to perform an EWAS of allergic sensitization (AS). The 37,863 CpGs on the
Custom array were selected based on functional criteria and represent a set of high-value (likely functional) CpGs. DNA from
nasal epithelial cells (NECs) was collected at age 11 from ethnically diverse children in The Urban Environment and Childhood
Asthma (URECA) cohort and hybridized to both the Custom and EPIC arrays for comparison; data were processed in parallel
using minfi. All EWAS were performed using a linear model in limma. Results from the Custom array were replicated in NECs
from children in the Infant Susceptibility to Pulmonary Infections and Asthma Following RSV Exposure (INSPIRE) cohort (ages
5-7), a primarily non-Hispanic white population. The Custom array was enriched for differentially methylated CpGs (DMCs)
associated with AS compared to the EPIC (g-value<0.05; 0.50% vs. 0.23%; Fisher’s Exact Test (FET) p<2.2x10°'%). Among the
AS DMCs on the Custom array, 13% were also DMCs in INSPIRE (q-value<0.05), which was a highly significant enrichment
(p<2.2x10°'%); all had concordant directions of effect. The effect sizes of the CpGs that were DMCs in either URECA or
INSPIRE were also highly correlated (r=0.61; p<2.2x107'%). We used gene expression data collected in the same NECs from
URECA children and defined two sets of genes from among the 15,551 detected as expressed: the nearest gene to each CpG and
the promoter capture Hi-C (pcHi-C)-defined target gene. For each CpG-gene pair, we tested for correlation between DNA
methylation and expression levels using a linear model to identify expression quantitative methylation (eQTM) CpGs (q<0.05).
We observed an over-representation of e€QTMs among Custom DMCs compared to EPIC DMCs for both nearest (35% vs. 20%,
FET p=0.0019) and pcHi-C target genes (22% vs. 15%, FET p=0.0082). The high reproducibility of EWAS results in two cohorts
demonstrates that CpGs on the Custom array identify AS DMCs that are robust to ancestry, ascertainment strategy, age at
sampling, and geography. Overall, our findings show that CpGs on the Custom array contribute to allergic phenotypes and that
CpGs in currently invisible portions of the epigenome are relevant to human health.
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ProgNbr 136. Testing for interaction using over 1 million individuals and 20 diseases shows considerable differences in
polygenic risk score estimates across age groups and sexes
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Abstract:

Absolute lifetime risks for polygenic risk score (PRS) strata are important for clinical decision making. Prior research typically
assumes PRS effects are constant across key demographic groups such as age and sex although age and sex are key risk factors
for many diseases. We applied our novel method for estimating age and sex specific lifetime risks (cumulative risk by age 80)
across PRS strata in over 1 million participants from 4 biobanks (UK Biobank (UKB), FinnGen, Estonian Biobank (EstBB), and
Trondelag Health Study (HUNT)).

Twenty diseases were selected to have a large impact to the Global Burden of Disease (GBD), moderate heritability and well-
powered GWAS. Age and sex stratified effects of PRS on disease were assessed using Cox proportional hazards and sex specific
baseline risks were calculated using publicly available data from the GBD.

PRS had a considerably increased HR in younger age groups for 7 diseases with evidence of replication across biobanks. For
example, atrial fibrillation was more strongly associated in younger age groups for all three biobanks tested (HRs Youngest vs
Oldest Quartile in FinnGen = 5.42 (95% CI: 4.83 - 6.09) vs 2.79 (2.26 - 3.44); EstBB = 5.09 (4.33 - 5.97) vs 1.14 (0.46 - 2.8);
HUNT =9.67 (7.3 - 12.8) vs 2.51 (1.32 - 4.78)). Notably, this finding appears to be disease specific with numerous diseases
showing consistent effects across age, including breast cancer.

For diseases demonstrating a stronger effect with age, age-specific HRs increased cumulative risk at younger ages relative to
assuming a constant effect across age. For type 2 diabetes, each 10% increment in cumulative risk was attained in the prior 5-year
age bin for both Estonia and Finland relative to assuming a constant effect.

Four diseases (knee osteoarthritis, coronary heart disease, gout, and rheumatoid arthritis) also repeatedly exhibited sex
differences in all biobanks tested. For males and females in the top 1% of polygenic risk respectively, lifetime risks for gout were
27.6% and 9.2% in Finland, 30.5% and 6.5% in Norway, and 37.6% and 9.9% in the UK. No significant differences in PRS
hazard ratios (HR) were detected by sex; indicating variation in baseline risk by sex is the key differentiator.

Accurate lifetime risk estimation optimizes clinical implementation. In this study, we show lifetime risk can vary substantially by
sex, even if the relative risk of the PRS is consistent between sexes. Further, we show for many common diseases, age-stratified
analyses increase the risk at earlier ages. Such differences may lead to differential screening for individuals with high polygenic
risk, however, as we show, the degree of variation is disease specific.
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ProgNbr 137. GWAS meta-analysis of WHRadjBMI identifies differences across sexes and populations
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Abstract:

Genetic associations for waist-to-hip ratio adjusted for body mass index (WHRadjBMI) can differ between sexes and
populations, but the mechanisms underlying these differences remain unknown. We performed WHRadjBMI GWAS meta-
analyses in >1.1 million individuals (56% female) from 201 studies that contributed GWAS results to the GIANT consortium.
Initially, we identified conditionally distinct signals (p<5e-9) in 18 meta-analyses: females only, males only, and sex-combined;
in European (947K), East Asian (136K), South Asian (41K), Hispanic/Latino (33K), African (28K), and all populations. We
compared autosomal signals across the sex-combined, female, and male analyses within each population using an LD threshold
of 1>0.8 in ancestry-matched reference panels; the population-specific analyses identified 954 signals in European, 26 in East
Asian, 0 in South Asian, 1 in Hispanic/Latino, and 2 in African populations and 1,026 signals in the initial multi-population
analysis. When we combined signals across all 18 analyses, we identified a total of 1,280 signals, including 237, 12 and 1 signal
identified only in European, East Asian, and African populations, respectively, highlighting the value of performing both
population-stratified and multi-population analyses. Preliminary multi-population fine-mapping identified 6 signals with
differences in LD structure between populations that may help to identify causal variants driving the signals. For example, a
signal near ADAMTSY is 20% narrower and contains fewer proxy variants in East Asian populations than European populations.
When considering heterogeneity between the sexes, effect sizes at 487 (47%) of the multi-population association signals were
heterogeneous (FDR 0.05); 84% of which showed stronger association in females than males. Population-specific analyses
showed similarly that 49% of signals identified in European individuals and 62% of signals identified in East Asian individuals
showed significant sex heterogeneity. One example sex-heterogeneous WHRadjBMI signal near FAM134 showed a very strong
multi-population association in females (p=6e-27) but not males (p=0.02); in GTEx subcutaneous adipose

tissue, FAM13A4 showed sex-biased gene expression, higher in females (median 20.3 TPM) than males (19.0 TPM), suggesting a
potential basis for sex differences at the locus. Overall, this GWAS meta-analyses greatly expands the number of identified
WHRadjBMI signals, providing opportunities to identify the underlying genes and mechanisms, and further demonstrates the
need to perform genetic analyses in diverse populations, including those stratified by sex.
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ProgNbr 138. Phenome-wide sex differences in environmental effects in the National Health and Nutrition Examination Survey
(NHANES) 1999-2006

Authors:
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Abstract:

Sex and gender differences are ubiquitous in health and disease, including differences in exposure effects on endophenotypes and
health outcomes. A phenomic environment-wide study (PheEWAS) can generate novel hypotheses on sex-specific environmental
effects. We used a curated set of 1,191 phenotypes and environmental variables and 41,474 participants across four survey
periods (1999-2006) of the National Health and Nutrition Examination Survey (NHANES). The data sets were divided into
discovery and replication cohorts, and each was further divided into female and male cohorts. A standard quality control
procedure was applied to each cohort and completed with a set of 10 covariates, 58 phenotypes, and 272 exposures. A
generalized linear regression was fitted for each phenotype and exposure, controlling for ten covariates and adjusting for survey
weights. Sex differences were identified by estimating the difference in effect sizes between females and males and were
categorized into pure (significant effect in a single sex), quantitative (differences in effect sizes), and qualitative (differences in
effect directions) by evaluating the nominal significance and direction of effect of each exposure-phenotype association. 119 of
the 15,466 regression tests were considered significantly different between sexes, of which 49 were classified as pure, 45 as
quantitative, and 25 as qualitative sex differences. For example, the volatile compounds blood ethylbenzene (Bf = 0.096, fm = -
0.020, P=1.54E-5) and blood toluene (Bf = 0.115, pm =-0.015, P = 3.91E-6) were significantly associated with red cell count in
women only. On the other hand, cadmium exposure had greater effect sizes in c-reactive protein (Bf = 0.045, fm = 0.144, P =
6.01E-9), and monocyte number (Bf = 0.092, fm = 0.166, P = 7.48E-6) in men compared to women. Smoking-related exposures
were among the environmental exposures showing the greatest number of sex differences. Women showed greater positive effect
sizes of smoking exposure on homocysteine levels (Bf = 0.154, fm = 0.038, P = 2.71E-6), and hemoglobin (Bf = 0.429, fm =
0.236, P = 1.25E-6), which can be a mechanism that explains the greater risk of cardiovascular diseases in women who smoke.
Conversely, men showed greater negative effect sizes of smoking exposure on albumin (pf = 0.005, pm = -0.089, P = 2.36E-13)
and bilirubin levels (Bf = -0.077, fm = -0.218, P = 2.42E-6), which might highlight a potential heightened inflammatory response
to smoking exposure in men. Taking environmental exposures and sex differences as fundamental pieces in the development of
complex diseases is relevant for accurate and precise methodologies that aim to predict them.
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ProgNbr 139. Regulatory network approaches reveal sex differences in cancer gene regulation
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Abstract:

Despite established sex differences in epidemiology and clinical presentation of many diseases, including cancer, most preventive
and therapeutic strategies do not account for sex differences. This is in large part because the molecular features that drive sex
differences are poorly understood, and there are still conceptual and methodological gaps to incorporating sex into research and
clinical practice. Our goal was to investigate transcriptional regulation of cancer genes in males and females across normal
tissues to better understand sex differences in cancer risk and incidence rates. Methods: We developed a sex-specific network
approach to integrate genomic data and model gene regulation in males and females. We used gene expression data from 29
healthy tissues in the GTEx dataset to infer subject-specific gene regulatory networks, which capture the interactions between
transcription factors and their target genes. To uncover sex-biased regulatory processes present in normal tissues, we used
network centrality measures (degree and closeness) to compare the networks between males and females, focusing on
interactions between 486 cancer genes (as defined by the COSMIC Cancer Gene Census v92). Finally, we used cascade model to
identify transcription factor master regulators driving the sex-biased regulatory processes. Results: We observed that cancer
genes have greater indegree and closeness than non-cancer genes (t-test, p<0.05), indicating that they have more direct
interactions with transcription factors and shortest network distance to all other genes in the network, respectively. We tested for
sex differences in the cancer gene regulatory network, and found that oncogenes and tumor suppressor genes are differentially
targeted by transcription factors in males and females, including tumor suppressor genes that escape X chromosome inactivation
in females (t-test, p<0.05). Finally, we discovered an average of 20 sex-biased transcription factor master regulators across all 29
tissues (z-score sex difference > 2). Using Gene Set Enrichment Analysis, we found that sex-biased master regulators target
cancer-related pathways, including WNT, NOTCH, and p53 (FDR<0.05). Conclusion: Our findings showed that normal tissues
have sex-biased regulation of genes implicated in tumorigenesis, which might help explain the molecular basis of sex differences
observed in cancer risk and incidence rates. Our sex-specific gene regulatory network approach can be extended to cancer
datasets to understand how sex influences cancer progression and therapeutic responses and may help advance sex-aware
precision oncology.
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Abstract:

Fat distribution differences between men and women are a major risk factor for metabolic disease, but their genetic etiology
remains largely unknown. A recent genome-wide association study (GWAS) of body fat distribution identified multiple loci that
are gender-specific, including a locus in an intron of the gene ADGRG6, a G-protein coupled receptor. However, the mechanisms
underlying these dimorphisms remain largely unknown. Here, we conduct a gender-specific genetic association analyses in the
UK Biobank cohort and find that an intronic SNP in ADGRG6, rs9403383, is genome-wide significantly associated with trunk fat
mass in women (p= 5.03 x 10-!3), but not in men (p= 0.06). We show that the female trunk fat associated variant of rs9403383
significantly reduces enhancer activity in preadipocytes. Deletion of ADGRGG6, the enhancer encompassing rs9403383 or the
associated SNP all impair human adipogenesis. Conditionally knocking out Adgrg6 in mouse adipocytes or deleting its gender-
associated adipocyte enhancer leads to female-like fat distribution in males, which are protected against high-fat-diet-induced
obesity and have improved insulin response. To showcase its therapeutic potential, we further demonstrate that CRISPRi
targeting of the Adgrg6 promoter or adipocyte enhancer prevents high-fat-diet-induced obesity. Combined, our results

associate ADGRG6 as a gender fat distribution gene and highlight its potential as a therapeutic target for metabolic disease.
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ProgNbr 141. A proteome-wide investigation of sex differences in genetic control of brain protein abundance in 1100 human
brain samples
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Abstract:

Background Why women are disproportionally affected by certain brain illnesses (for instance depression or Alzheimer's
disease) while men by others (autism or Parkinson's disease) is not well understood. We hypothesize that sex differences in brain
protein expression may contribute to these phenomena. Here, we investigated whether there are sex differences in brain protein
abundance and in the genetic control of brain protein expression. Methods We used deeply profiled brain proteomes of 1100
donors of European ancestry and their genome-wide genotyping. The human brain proteomes were mostly from the dorsolateral
prefrontal cortex (dPFC). We performed quality control and normalization of the proteomic data and surrogate variable analysis
(SVA). Then, we regressed out effects of age, batch, post-mortem interval, clinical diagnosis, and SVAs from the proteomic
profile before examining effect of sex on brain protein expression and on genetic control of brain protein expression using linear
regression. Results: Of the 10,198 proteins detected in human brain, 12% (n=1239 proteins) exhibited sex-difference in
abundance level. About half of these proteins had higher abundance and half had lower abundance in men compared to women
after adjusting for effects of age and potentially hidden confounding factors. Moreover, 3.5% of these sex-difference proteins
were encoded by the X chromosome. We examined potential sex difference in the genetic control of brain protein expression in
the dPFC region. We found genome-wide significant SNP-by-sex interactions on protein abundance in 1171 SNP-protein pairs
(at FDR p<0.05, N=793, specifically 150 unique proteins and 166 unique SNPs). As expected, approximately 48% of these SNPs
were associated higher expression and 52% with lower expression of brain proteins in men compared to women after considering
effects of age and potentially hidden confounding factors. Next, we examined these 166 SNPs in each sex separately and found
that 35% were pQTLs in men only, 14% were pQTLs in women only, 7% were pQTLs in both sexes with same directions of
association, and 41% were pQTLs in both sexes but with opposite directions of association (at p<0.05). Discussion: Our study
provides here novel evidence of differences in protein abundance and genetic control of protein abundance in the human brain.
This large, comprehensive sex-specific protein and pQTL data resource can facilitate studies investigating genetic and molecular
underpinnings of sex differences in psychiatric and neurologic diseases and contribute to the identification of sex-aware treatment
targets for these debilitating brain illnesses.
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Abstract:

Alternative splicing (AS) is a key mechanism of eukaryotic gene expression diversity and can lead to many protein isoforms from
single gene sequences. Dysregulation of AS is implicated in many human diseases such as cancer and spinal muscular atrophy.
AS is regulated by a cis-regulatory sequence code that is interpreted by trans-acting RNA binding proteins with their own cell
type-specific expression. Disentangling the individual cis- and trans-regulatory element effects in AS in the endogenous context
has proven challenging due to the limited ability to measure sequence effects that are not evolutionarily selected. However,
massively parallel reporter assays (MPRASs) have proven to be a useful tool for simultaneously assaying molecular phenotypes of
thousands to millions of sequence combinations in multiple cell types. Here we focus on exon skipping (ES), the most common
form of AS, and have developed a MPRA containing over 92,000 sequences derived from over a thousand of human genes. We
have successfully transfected it into several types of mammalian cells. The MPRA encompasses short human exons and their
flanking introns as well as variants thereof. ClinVar, Geuvadis and Exome Aggregation Consortium (ExAC) databases were used
to identify disease-associated and common human variants. Site saturation mutagenesis (SSM) of several of these native
sequences were also included to expand assayed sequence diversity beyond those observed in human populations. The MPRA
spans 2,152 exons from 1,748 genes and contains 68 variants from Geuvadis, 6,736 from EXAC, and 83,335 sequences from
disease-associated genes. The 83,335 sequences include ClinVar variants and many additional variants. We have fully
characterized the MPRA library in three cell lines. HEK293 replicates show high reproducibility with the majority of reporters
achieving high coverage in bulk RNA-seq. Comparing our HEK293 data to our datasets from HeLa and K562, we see a spread of
ES phenotypes as well as some differential splicing patterns between cell lines from the same sequences. These datasets will be
used in machine learning models to build generalizable and predictive understanding of ES in diverse human cell types. MPRAs
provide rich datasets for machine learning algorithms to learn sequence variation effects that are not necessarily limited to
observed population variants. These resulting machine learning algorithms provide more generalizable and predictive modeling
of sequence to function relationships. We will further explore the ability of employing these datasets and models to engineer
RNA splicing behaviors for translational understanding of human disease.
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Abstract:

Scalable CRISPR-Cas9 techniques such as deep mutational scanning and base editing now enable cost effective functional
assessment of coding variants. However, experimental conditions and editing efficiency of these assays are far from uniform,
which can result in confounding noise when predicting functional effects at the individual variant level. Given that functional
screens often consist of multiple measurements of the same amino acid substitution across a protein, as well as repeated
measurements at the same codon, we established a computational pipeline to use this information collectively to improve
estimation of functional effects. Drawing from a large corpus of deep mutational scanning data (DMS), we first estimate the
mean functional effects per codon within each gene (James-Stein estimator). We then normalize functional effects per assay and
per position to build an amino acid substitution matrix (FUNSUM), and then use it to make estimates for individual allelic
variants using both the positional context and specific substitution. To demonstrate the pipeline’s capability to improve
estimation for various functional assays, we estimated functional scores for coding variants in a BRCA1 base editing assay, a
TP53 DMS assay and a muti-gene base editing assay for DNA Damage Response (DDR) genes. We first evaluated the
improvement of our estimation pipeline on clinically significant variants (Clinvar), using separation in the score distributions
between variants previously classified as pathogenic (P/LP) or benign (B/LB). In all three assays, we observed greater
significance in separation between P/LP and B/LB variant groups using our estimated functional scores (KS, BRCA1 p=2.24¢-
51, TP53 p=1.78e-9, DDR genes p=1.63e-4) than with original functional scores (KS, BRCA1 p=2.42¢-4, TP53 p=5.38e-8, DDR
genes p=0.01). Similarly, we assessed estimation improvement for BRCA1 and TP53 assays using carriers of variants with or
without associated phenotypes (UK Biobank). For the BRCA1 assay, the pipeline increased the number of carriers for whom
predictions can be made from functional data (528 to 1400), and better separates patients who develop early breast cancer from
those without breast cancer (KS, p=0.0238). For the TP53 assay, estimated functional scores were also better at separating
patients who develop Li-Fraumeni syndrome (LFS) cancers from those without LFS cancer (p=2.96e-6). In conclusion, this
approach promises to improve the quality and broaden the utility of data generated from CRISPR-Cas9 screening assays.
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ProgNbr 146. Massively parallel functional assessment of missense variants in cardiac arrhythmia
genes KCNQ! and KCNE1 elaborates structure-function relationships
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Abstract:

Introduction: Loss- or gain-of-function variants in cardiac K* channel genes KCNE! and KCNQ! can cause fatal arrhythmias.
Most observed variants are of uncertain clinical significance. Objective: To conduct massively parallel assays on comprehensive
KCNEI and KCNQI variant libraries to measure cell-surface trafficking (KCNE1, KCNQI) and K efflux-dependent cell death
(KCNE1). Methods: We created comprehensive variant libraries of extracellularly tagged cDNA of 129-residue KCNE1 and
676-residue KCNQ1. From each library, single alleles were integrated per cell in a landing pad HEK293 line, used unchanged
(KCNQI trafficking) or engineered to stably express KCNQ1-WT (KCNET1 trafficking) or gain-of-function KCNQ1-S140G
(KCNEI1-dependent K* conductance). For trafficking assays, cells were stained with a fluorescently tagged antibody and FACS-
sorted into 4 equal groups. We scored variants using a weighted average of frequencies across 4 groups. For KCNEI

K* conductance assay, we hypothesized that the S140G variant would bias channels with functional KCNE] to the open state,
allowing constant K* efflux to reduce cell survival. Variants were scores using a logz-transformed ratio of frequencies in cells
growing for 12 days to those in the original library. Results: Nonsense KCNE1 variants before residue 58 (early) were
trafficking-deficient but after residue 57 (late) had WT-like trafficking. However, conductance was equally reduced in both early
and most late nonsense variants. We hypothesize that late nonsense variants likely disrupt KCNQ1/KCNE1 interaction, rather
than surface trafficking, to alter channel function. Furthermore, nonsense variants after residue 110 had WT-like K* conductance
and are likely dispensable for channel function. For 1,886 KCNE1 missense variants, trafficking scores were normally
distributed, but conductance scores showed a bimodal distribution; the two modes correspond to the means of synonymous and
nonsense variants. In both assays, hydrophilic variation in the transmembrane domain was not tolerated. The KCNQ1 library
represents 85% of 12,844 possible variants. Cell surface staining of the library of a 200-residue region spanning the
transmembrane domain showed a bimodal distribution; the modes correspond to the means of WT and trafficking-null variants.
Sequencing of these sorted pools is in progress. Future work will assess the rest of the protein and develop a conductance

assay. Conclusion: Our work represents the first deep mutational scan of an arrhythmia-associated ion channel complex, encoded
by KCNQ! and KCNE1. These data provide structural insights and may facilitate clinical variant interpretation.
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ProgNbr 147. Saturation genome editing reveals 10% of missense SNV alleles in functional domains of PALB2 as functionally
abnormal

Authors:

M. Dawood!234, I. Hill*®, S. Casadei*®, A. Mehrotra>®, N. Smith>¢, K. de Leon>®, R. Daza>%, R. Garge>®, A. McEwen>S, S.
Fayer®®, L. Muffley>®, J. Posey!, J. Lupski'?, R. Gibbs!2, J. Shendure>%’, D. Fowler>®, L. Starita>°; 'Baylor Coll. of Med.,
Houston, TX, 2Human Genome Sequencing Ctr., Baylor Coll. of Med., Houston, TX, 3Dept. of Molecular and Human Genetics,
Baylor Coll. of Med., Houston, TX, “Med. Scientist Training Program, Baylor Coll. of Med., Houston, TX, Univ. of
Washington, Seattle, WA, Brotman Baty Inst., Univ. of Washington, Seattle, WA, "Howard Hughes Med. Inst., Seattle, WA

Abstract:

Partner and Localizer of BRCA2 (PALB?2) functions in homology-directed repair of double stranded DNA breaks, promotes
nuclear localization and stability of BRCA2, and enables cell cycle checkpoint functions. Pathogenic variants in PALB2 have
been implicated in breast, ovarian, and pancreatic cancer as well as Fanconi anemia, a bi-allelic rare disease trait (MIM: 610355).
In 2021, PALB2 was elevated to the ACMG’s 73 medically-actionable genes in which secondary findings should be reported to
patient providers. However, with 99% of >1875 PALB2 missense single nucleotide variant (SNV) alleles classified as Variants of
Uncertain Significance (VUS) in ClinVar, the majority of variants in PALB?2 still remain uninterpretable and thus not practically
implementable for guiding patient management. We performed Saturation Genome Editing (SGE) to investigate the effect of all
possible 10,683 SNVs in PALB2 on cell survival. Within the N and C terminal functional domains required for binding RAD51,
BRCAL, and BRCA2, 12% of missense SNV alleles result in decreased PALB2 function that compromises cellular viability. The
SGE-derived functional scores are 100% consistent with published orthogonal functional assay data and recapitulate known
genomic phenomena such as nonsense SNV alleles escaping from nonsense-mediated decay and stop-loss SNV alleles escaping
from non-stop decay. Further, SGE consistently and accurately distinguishes known pathogenic from benign SNV alleles in
ClinVar with a known clinical significance for PALB2 (currently, nonsense vs. synonymous SNV alleles). Additionally, SGE
functional scores are highly correlated with in silico CADD predictions of pathogenicity and rare allele frequencies per gnomAD.
Also, due to advances in SGE technology, we are able to delineate a subpopulation of missense SNV alleles that demonstrates
loss of function at a slower rate supporting use of this method to identify putative hypomorphic alleles. In total, we demonstrate
SGE functional scores are poised to have a major impact on clinical variant interpretation for PALB2.
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ProgNbr 148. Massively parallel screen for rare 3' UTR variants regulating mRNA abundance
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Abstract:

Genome-wide association studies have revealed that most disease-associated genetic variants are in non-coding regions of the
genome. It remains a major challenge to understand the functional impact of these non-coding variants, especially rare variants
which constitute the majority of non-coding variants with unknown function. To fill in this gap, we developed a highly
reproducible massively parallel screen for rare 3' UTR variants that may affect mRNA abundance. With this platform, we tested
14,490/14,494 rare variants and identified 3,066/3,944 functional candidates that regulate mRNA abundance in HEK293/HeLa
cells. By overlapping the functional variants with the binding sites of miRNAs and RBPs as well as predicting novel binding
motifs, we annotated the functional variants with potential mechanisms in regulating 3' UTR activity. We showed that these
functional variants are disease-relevant and enriched in genes associated with cancer. Further, we validated the functional
variants as gene expression outliers in TCGA cancer patients. Through prime editing in HEK293T cells, we generated genome-
edited homozygous clones with the reference or alternative alleles for two functional variants located in MFN2 and FOSL2. We
observed that the functional variants in the 3' UTR of MFN2 and FOSL?2 increased mRNA stability for both genes, consistent
with the increased mRNA abundance of the variant alleles in the MPRA. Importantly, both variants led to significant alterations
in cell proliferation (reduced cell proliferation by the MFN2 variant, and increased cell proliferation by the FOSL2 variant). Our
findings illustrate the usability of our method to understand disease-relevant variants, identify causal variants and uncover the
associated functional mechanisms of post-transcriptional regulation.
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Abstract:

Up to 90% of causal SNPs from genome-wide association studies (GWASs) fall in accessible chromatin in relevant cell types,
pointing to the importance of regulatory element function in human health and disease. Yet, our understanding of how single
nucleotide changes affect the activity of regulatory elements is incomplete. We aimed to uncover genomic mechanisms
governing regulatory element function by testing the activity of 234,448 fine-mapped variants and more than 50k matched
controls in a Massively Parallel Reporter Assay (MPRA), the largest robust assessment of variant effects by a high-throughput
reporter assay to date.

In order to define a pool of likely causal variants affecting gene regulation, we used the results of our recent large-scale fine-
mapping in GTEx v8, UK Biobank, and Biobank Japan [Kanai et al. medRxiv 2021]. In total, we included 17,407 variants with a
high posterior inclusion probability (PIP) of being causal and 91,412 95% credible sets. We selected control variants to match
test variant annotations or genomic locations. We assayed variants across 6 diverse cell lines (SK-N-SH, HepG2, K562,
GM12878, A549, and HCT116). Within the eQTL set, we observed 55,402 elements that regulate gene expression in the MPRA.
Within these active elements, we detected 18,288 variants that exhibit significant allele specific activity in the MPRA
(expression-modulating variants; emVars).

We validated MPRAs ability to identify causal regulatory variants using high-PIP eQTLs as a gold standard. Non-coding high-
PIP variants are 2.6 times more likely to be emVars (18%) as compared to low-PIP variants (7.4%) or controls (8.1%). Overall,
variants that were emVars and within accessible chromatin (80% precision, 13% recall) outperformed chromatin accessibility
alone (66% precision, 46% recall), element activity only (60% precision, 41% recall), and allele specific activity alone (68%
precision, 18% recall) for identifying high-PIP eQTLs.

We next sought insight into the mechanisms of emVars. High-PIP emVars are most strongly enriched at promoters and multi-
tissue enhancers, consistent with our finding that 80% of allelic effects are shared across more than one cell line. These variants
are more significantly occupied by 279 diverse transcription factors (TFs) than high-PIP variants without allelic effects, but only
15% of high-PIP emVars disrupt a known binding motif for an occupied TF. We found no evidence of widespread multiple
causal variants in a single 95% CS after controlling for MPRA background rate. In conclusion, MPRA provides a powerful
approach to identify and dissect non-coding regulatory variants underlying human health.
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Abstract:

A goal of genome-wide association studies (GWAS) is to estimate the causal effects of alleles carried by an individual on that
individual (“direct genetic effects”). However, GWAS actually estimates “population effects,” which include indirect genetic
effects (e.g. effects of alleles in parents on offspring through the environment) and bias from confounding due to population
stratification and assortative mating. Obtaining unbiased estimates of direct genetic effects is important for removing bias from
Mendelian Randomization analyses, studies of selection, estimates of heritability and genetic correlations, and polygenic
prediction. Genetic variation within a family is random, so one can obtain unbiased estimates of direct genetic effects from
individuals with both parents genotyped. However, parental genotypes are often missing. By imputing the genotypes of missing
parent(s) from observed parent and offspring genotypes, as in the software package snipar, one can obtain estimates of direct
genetic effects from any individual with at least one genotyped sibling or parent. However, this is typically only a small fraction
of the genotyped individuals in large-scale biobanks. We show that the sample of ‘unrelated’ individuals provides information
that constrains the set of possible direct effects, so that including unrelated individuals can increase the effective sample size for
estimation of direct effects by up to 50% compared to using samples with genotyped relatives alone. We develop an efficient
linear-mixed model approach that uses a sparse genetic relatedness matrix to model relatedness, and is able to estimate both
population effects, as in standard GWAS, and direct effects, as in family-based GWAS, using the full sample of individuals,
whether they have genotyped relatives or not. Our approach therefore unifies the family-based and standard GWAS approaches.
We apply our method to a sample of 408,252 individuals from the UK Biobank, and we estimate the correlation between direct
genetic effects and effects estimated by standard GWAS methods for 23 traits, including educational attainment (r=0.738
SE=0.061) and cognitive ability (r=0.699 SE=0.050). Furthermore, direct genetic effects yield lower estimates of SNP heritability
(h2) and genetic correlation (rg) than those from standard GWAS estimates for some traits. For educational attainment, SNP
h2=0.027 (S.E.=0.013) for direct effects versus 0.141 (S.E.=0.006) for population effects. We show that a unified framework for
GWAS that combines nuclear families and unrelated individuals maximizes power for estimating both direct and population
effects.
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ProgNbr 153. Inference of causal networks using bi-directional Mendelian randomization and network deconvolution with
GWAS summary data.

Authors:
Z. Lin, H. Xue, W. Pan; Univ. of Minnesota, Minneapolis, MN
Abstract:

Inferring causal relationships among potential risk factors and diseases from observational data is both important and
challenging, e.g. due to hidden confounding. Emerging as a powerful tool, Mendelian randomization (MR) has been increasingly
applied for causal inference with observational data by using genetic variants as instrumental variables (IVs). However, the
current practice of MR has been largely restricted to investigating the total causal effect between two traits, while it would be
more useful to infer the direct causal effect between any two of many traits (by accounting for mediating effects through other
traits). In this work, we first extend bi-directional MR-cML, a robust MR method based on constrained maximum likelihood, to
overlapping-sample MR set-up, then apply it to infer a causal network of total effects among multiple traits. Finally we apply
graph deconvolution to infer a causal network of direct effects. Simulation studies showed much better performance of the
extended MR-cML with sample overlap. We applied the method to 17 large-scale GWAS summary datasets to infer the causal
networks of both total and direct effects among 11 common cardiometabolic risk factors, 4 cardiometabolic diseases (coronary
artery disease, stroke, type 2 diabetes, atrial fibrillation), Alzheimer’s disease and asthma. The inferred total causal graph
identified many well-accepted risk factor-disease pairs while the direct causal graph provided more interesting insights into the
mechanisms. We also provide an R Shiny app for users to explore any subset of the 17 traits of interest.
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Abstract:

Genome-wide association studies (GWAS) across thousands of traits have revealed the extreme pleiotropy of trait-associated
genetic variants, thus providing an opportunity to understand shared disease mechanisms. A recent work proposed to characterize
this shared architecture using truncated singular-value decomposition (tSVD) on phenome-wide GWAS summary data. However,
this approach does not model effect size uncertainty, making it unclear how traits with different power influence this shared
architecture characterization.

To address these limitations, we derive from first principles FactorGo, a factor analysis model on genetic associations, to identify
latent pleiotropic factors across thousands of phenotypes using GWAS summary data. FactorGo accounts for uncertainty in
effect-size estimates and prunes uninformative factors in a variational Bayes framework. In extensive simulations, we observed
that FactorGo outperforms tSVD in capturing latent pleiotropic factors across phenotypes, while maintaining a similar
computational cost.

We applied FactorGo and tSVD to estimate 100 latent pleiotropic factors from GWAS summary data at 53,953 non-HLA genetic
variants across 2,483 phenotypes measured in European-ancestry Pan-UK BioBank individuals (N=420,531). First, we observed
FactorGo identifies phenotype-relevant latent pleiotropic factors that rank focal phenotypes more highly compared with tSVD
(P<2.20e-16), while capturing intuitive relationships. For example, the leading factor for rheumatoid arthritis (RA) is primarily
explained by known RA biomarkers albumin, calcium, RA medication use (methotrexate), in addition to other autoimmune
diseases (e.g., inflammatory bowel diseases). Second, we found FactorGo results more effectively span the phenotype spectrum,
with the top 10% of traits from pleiotropic factors covering 79% of the total 2483 phenotypes, compared with 73.7% obtained
from tSVD (P=1.23e¢-5).

Lastly, we performed an enrichment analysis on factor loadings using 707 cell-type specific annotations across 23 tissues from
the IMPACT 707 dataset. We found FactorGo results were more enriched for known phenotype-relevant tissues, compared with
those from tSVD. For example, standing height factors were more enriched with heart, bone, muscle, and fibroblast connective
tissue annotations (P=6.25¢-5) and RA factors were more enriched in blood B cells and T cells (P=2.54¢-5).

Taken together, our results demonstrate that FactorGo prioritizes biologically meaningful latent pleiotropic factors that reflect
pervasive shared etiologies across GWAS studies.
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ProgNbr 155. Fast multiple-trait genome-wide association analysis for correlated longitudinal measurements
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Abstract:

Motivation: Large-scale longitudinal biobank data can be used to identify genetic variation contributing to the progression of
human diseases and traits. While methods for genome-wide association studies (GWAS) of multiple traits have been proposed,
an efficient approach for GWAS of multiple longitudinal traits (LGWAS-MT) is not currently available.

Method: We developed an efficient multiple-trait mixed model approach for GWAS of longitudinal outcomes that includes a fast
algorithm for inversion by recursive partitioning of the random effects submatrix. The inverse was used to absorb the large
random effects block of the system which significantly reduced the time needed for genome-wide scans. Simulation scenarios for
1,000 to 10,000 individuals, 0.001 to 0.1 of minor allele frequency and 1 to 20% ratio of longitudinal (LT) to cross-sectional (CS)
effects were performed to validate algorithms and assess power and type I error. Twenty-eight blood-based quantitative
biomarkers measured twice on each participant of the UK Biobank were used to compare method performance and results for
standard GWAS on rates of change, (first measure - second measure)/(time between measures), single-trait (LGWAS-ST), and
multiple-traits (LGWAS-MT). Genetic association analyses were performed on both the SNP array and whole exome sequencing
data available in UK Biobank.

Result: The newly developed inversion algorithm was nearly linear in the number of traits. Consistent with our expectation,
power was significantly higher for CS than LT effects, particularly with a diminishing LT/CS ratio. With a minimum minor allele
count of 3 within genotype by time categories, observed type I error was roughly equal to theoretical genome-wide significance.
Across all biomarkers, we observed 539 (CS) and 249 (LT) significant independent variants for the LGWAS-MT method, and
513 (CS) and 30 (LT) for LGWAS-ST, respectively. Only 37 variants were identified by modeling rates of change, and none of
them overlapped with those identified by LGWAS-MT, indicating the low power of rates of change in identifying LT variants.
About 98% of CS and 90% of LT independent variants found by LGWAS-ST were also identified by LGWAS-MT across
biomarkers analyzed. Number of novel variants found by LGWAS-MT relative to LGWAS-ST was greater for LT than CS
components, indicating its advantage in identifying variants contributing to progression.

Conclusion: We developed LGWAS-MT, an efficient multiple-trait mixed model approach for GWAS of longitudinal data of
biobank scale, and demonstrated its powerful performance to identify novel associations compared with previously reported
methods.
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Abstract:

Genome-wide association studies (GWAS) are the backbone of human genetics research. However, most of the variance for
complex diseases remains unexplained. Most GWAS assume an additive inheritance model: heterozygous genotypes are coded
with half the risk of homozygous alternate genotypes. Yet, growing evidence indicates that with flexible modeling, many SNPs
show nonadditive effects (e.g., dominant and recessive), which will be missed using only the additive model. We developed
Elastic Data-Driven Encoding (EDGE) to determine the heterozygous:homozygous alternate ratio of risk. We simulated SNPs
with diverse inheritance models (e.g., additive, dominant, recessive), as well as null SNPs, in 1,000 replicates across varying
minor allele frequencies (MAFs), sample sizes, case-to-control ratios, and penetrance. Results demonstrated that EDGE
outperformed traditional methods (i.e., additive, dominant, recessive, codominant, and dominance deviance) across all simulated
models for power (p<5x10-%) while maintaining a conserved false positive rate (3.5% to 6.5%). We applied EDGE to biomedical
data from the Electronic Medical Records and Genomics (eMERGE) Network for 50,933 age-related macular degeneration
(AMD) samples of European ancestry (EUR) and 9,540 AMD samples of African ancestry (AFR) for 5.5 million SNPs. Known
regions for AMD were identified (e.g., CFH on Chr 1 in EUR). Fifteen of the 60 hits (25%) from both populations were
classified by EDGE as nonadditive SNPs. The top result for the AFR subgroup was 7577408014 (novel for AMD; intron

of CACNAIC; p = 1.65 x 10'%) with an estimated heterozygous:homozygous alternate risk of 1:4, indicating a sub-additive
inheritance model. This research lays the necessary groundwork for integrating nonadditive genetic effects into genetics
workflows to improve polygenic risk prediction in diverse populations and springboard future applications to thousands of
disease phenotypes, clinical lab measures, biomarkers, and other omic domains to improve disease-prediction capability.

© Copyright 2022 The American Society of Human Genetics. All rights reserved. Page 87 of 352



ASHG 2022 Annual Meeting Platform Abstracts

S25. Novel statistical genetics methods for complex traits

Location: Conv Ctr/Room 515/West Building

Session Time: Wednesday, October 26, 2022, 10:45 am - 12:15 pm
ProgNbr 157. fSuSiE: new approach for fine mapping functional phenotypes
Authors:

W. Denault!, Y. Miao?, P. Carbonetto!, G. Wang'?, M. Stephens'; 'Univ. of Chicago, Chicago, IL, >Univ. of Columbia, New
York, NY

Abstract:

Fine-mapping genetic variants that influence genome-level processes such as chromatin accessibility and methylation is a key
step toward understanding how they influence important organismal-level traits. Such molecular phenotypes can be modeled as a
"function" whose value varies continuously along the genome. While many reports show the importance of “functional”
quantitative trait loci, it remains difficult to identify which genetic variants regulate these traits.

We introduce a novel Bayesian variable selection method called the “Functional Sum of Single Effects” (fSuSiE) model that
extends the SuSiE model of Wang et al. (2020) to fine map functional phenotypes such as methylation or chromatin accessibility.
fSuSiE is based on a simple nonparametric regression model, and the novelty is in combining this nonparametric regression with
a new flexible prior for wavelet regression and in taking an empirical Bayes approach to fit the model efficiently. This enables
fSuSiE to be flexible and adaptive to various types of data, such as molecular phenotypes in functional genomic studies. In
addition to these features, fSuSiE maintains the key properties of SuSiE, i.e., computational efficiency, intuitive interpretation,
and uncertainty quantification of which variables (SNPs) should be selected.

We benchmarked fSuSiE against the best-performing methods, such as ipDMR and Comb-p, for detecting SNPs for genetically
differentially methylation regions (gDMR) and genetically comethylated CpGs (gcCpG). We conducted a comprehensive
numerical comparison study between fSuSiE, ipDMR, and Comb-p under various scenarios of gDMR and gcCpG. In addition to
providing fine-mapped results, we showed fSuSiE is more powerful compared to ipDMR and CombP for detecting gDMRs when
the effect of the SNP is modest. Furthermore, fSuSiE largely outperformed other methods for detecting gcCpG.

We applied fSuSiE to identify genetic variants associated with chromatin accessibility (dsQTLs) using data from Degner et

al. 2012, and methylation (mQTLs) from the Religious order Study and the Memory and Aging Project (ROSMAP) Jager et

al. 2018. While we restricted our investigation to chromatin accessibility data and methylation data, fSuSiE is also applicable to
spatially or temporally structured phenotypes such as longitudinal phenotypes and age-dependent genetic risk factors for disease.
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Abstract:

A human zygote undergoes trillions of cell divisions to result in a fully differentiated multicellular organism, providing many
opportunities for somatic mutations to occur. Even terminally differentiated cells continue to acquire somatic lesions in their
genomes through non-replicative processes, such as spontaneous deamination of methylated cytosines in the context of CpG
sites. Thus, the burden of variation in humans is expected to be high, and contribute to many traits and diseases such as cancer,
aging, neurodegeneration, and over 30 additional human diseases. However, few systematic and comprehensive studies have
been done to characterize levels and patterns of human somatic variability in apparently healthy individuals. To address this
important gap in knowledge, as part of eGTEx Project, we performed high-coverage exome sequencing of 496 tissue samples,
spanning 46 tissue types, from 23 donors aged between 21 and 69 years. We developed a novel and rigorous statistical
framework tailored to the unique structure of our data to identify somatic mutations. As expected, the somatic mutation burden
varies widely across tissues and individuals, and is significantly related to age. Epithelial tissues, such as sun-exposed skin and
esophagus, are found to have the highest burden of somatic mutations, and mutational signatures related to ultraviolet light are
observed from sun-exposed skin. We also find that age is significantly related to the rate of somatic mutations, but only ina a
subset of tissues. Finally, we find that many individuals harbor putatively deleterious somatic mutations. Our data provides a
high-resolution compendium of somatic mutations across human tissues, which will enable biological insights into mutational
mechanisms and help interpret patterns of somatic mutations in the context of disease.
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Abstract:

Mosaic Loss of chromosome Y (LOY) in leukocytes is the most common form of clonal mosaicism in humans and has a
significant germline genetic component. The most recent GWAS to investigate the genetic determinants of LOY in 205,011
males identified 156 independent signals and highlighted a key role for genes involved in cell-cycle regulation and DNA damage
response. Population studies typically determine LOY using genotype intensities derived from genotype array data, the accuracy
of which varies by the number of Y chromosome probes on the array and are technically noisy. Inaccurate estimation of LOY
reduces power to identify genetic and phenotypic associations with LOY. To overcome these constraints, we developed a robust
estimator of LOY status derived from several orthogonal approaches using both whole-exome sequence and genotype array data.
In genetic data derived from 204,770 UK Biobank men, our new method improved the accuracy of LOY estimation as measured
by the strength of association between LOY and age, smoking status, and polygenic risk of LOY derived from previous GWAS.
We then used this revised and validated LOY instrument to conduct a new GWAS of LOY status in the UK Biobank. Beyond the
previously identified 156 signals, we identified 22 novel LOY-associated loci. Functional enrichment analysis of these genes
supports the prior hypothesis that defects in cell-cycle regulation and DNA damage response are major causes of LOY, and also
newly implicated sex hormone regulation, notably the Androgen Receptor. We also identified several genes with shared risk for
both LOY and cancer, which highlighted the common mechanisms between these two traits. Finally, we leveraged the shared
genetic architecture between LOY and other related traits to improve power to identify variants associated with risk of
myeloproliferative neoplasm. Based on the current available MPN GWAS summary statistics, we identified 13 novel loci
reaching genome-wide significance, including loci near PARP1, an established target of cancer therapy. In summary, we show
that the accuracy of estimating LOY can be improved by combining multiple approaches using both GWAS array and whole
exome sequence data. Our innovative approach improved power to detect novel mechanisms that regulate clonal mosaicism in
blood and can be used to enhance the identification of novel genes associated with risk of related cancers.
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Abstract:

Mosaic loss of the X chromosome (LOX) is the most frequently occurring age-related clonal somatic chromosomal alteration
detected in peripheral leukocyte DNA of females, with a prevalence of <4% in women aged <50 and reaching >30% after 70. As
LOX is a pro-proliferative genomic alteration, understanding the molecular mechanisms driving susceptibility could provide
insights into the impact of ageing on hematopoiesis and hematologic cancer risk. GWAS of mosaic loss of the Y chromosome
(LOY) in men has identified 156 susceptibility loci (Thompson Nature 2019), highlighting genes involved in cell cycle regulation
and cancer susceptibility, but no GWAS of LOX has been reported. Here we describe genetic insights on LOX from a meta-
analysis of 918,085 women (36,178 with LOX) in 8 biobanks worldwide. We identified 49 independent common susceptibility
loci and rare missense variants of FBXO!0 (exome sequencing data, N=226,125) associated with the risk of LOX. Although
some LOX loci are shared with LOY (e.g., centromere protein genes CENPW, CENPQ, CENPU and cancer susceptibility
genes TP53, MADIL1, ATM), many loci are specific for LOX, especially HLA alleles (HLA-B*35:01 from MHC class I and
HLA-DQB1%*04:02 from class II) and 2q37.1 (SP140L and SP110, immunity's chromatin readers) highlighting relationships of
LOX with autoimmunity. The partially distinct genetic underpinnings between LOX and LOY were also supported by moderate
genetic correlation (0.30 [0.20-0.40], P=3x10").

We also performed allelic shift analyses to identify X chromosomes preferentially retained in women with detectable LOX. We
identified 45 X chromosome loci that strongly influence which X chromosome is retained when LOX occurs. Multiple variants
were identified over a large region spanning the centromere (P<10-650) as well as near chromosome X genes associated with
skewed X-inactivation (PLS3, ITM2A), cancer risk/progression (FAMI9C, CT45A1, SAGE1), and blood cell counts (P2RY8,
WAS, PJA1, PLS3, ITM2A, TMEM255A, SOWAHD). As LOX preferentially involves the inactive X chromosome, such
associations support competitive advantage for clonal growth or selection among leukocytes with actively transcribed copies of
specific X chromosome loci.

Leveraging genotype data from 918K females, we detect multiple germline variants associated with LOX susceptibility,
suggesting relationships with cell cycle regulation, autoimmunity, blood cell traits, and cancer predisposition. Allelic shift
analyses further demonstrate a strong cis selection of specific X loci, providing evidence of selection for specific loci that could
promote skewed X-inactivation and hematologic cancer risk.
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Abstract:

Preimplantation pregnancy loss is extremely common in humans, both in the contexts of in vitro fertilization (IVF) and natural
conception. Aneuploidy, the gain and loss of chromosomes either during egg and sperm formation (i.e., meiosis) or postzygotic
cell division (i.e., mitosis), has long been recognized as the primary cause of human pregnancy loss. Nevertheless, detailed
knowledge of the breadth of chromosome and cell division abnormalities that cause embryonic mortality has been hindered by
the fact that preimplantation genetic testing for aneuploidy (PGT-A) is typically restricted to the surviving embryos that are the
candidates for transfer after IVF. Here we overcame this bias through comprehensive chromosome analysis (z = 909) and time
lapse imaging (n = 843) of a large sample of IVF embryos—both arrested and unarrested—regardless of their morphological
grade or other criteria. Across all 909 tested embryos, 206 (22.6%) were deemed euploid while 703 (77.3%) possessed evidence
of whole or segmental aneuploidies of one or more chromosomes. Using informative copy number signatures to infer the origins
of aneuploidies, we found that both putative meiotic and putative mitotic aneuploidies were enriched among embryos that
arrested compared to those that developed to the blastocyst stage, though the effect was much stronger for mitotic (Odds Ratio
[OR] = 6.02, p = 4.22 x 10**) compared to meiotic aneuploidies (OR = 1.62, p = 0.0012). Strikingly, we estimate that 30% of
euploid zygotes perished prior to blastocyst formation, largely due to mitotic errors. Moreover, the specific features of
aneuploidies, such as the total number of chromosomes affected, predictably influenced the probability of arrest. Abnormal (e.g.,
multipolar) cell divisions during the initial two embryonic mitoses were prevalent and strongly associated with embryonic arrest
(OR =10.03, p = 1.04 x 10*?), largely via the complex, lethal forms of chromosomal mosaicism that they induced. Meanwhile,
among surviving embryos, meiotic and mitotic aneuploidies were strongly associated with impaired blastocyst morphology

(X% [9,n=612]=60.2, p=1.23 x 10”). Additionally, the presence of meiotic and/or mitotic aneuploidies was associated with
later timing of blastocyst biopsy, indicating that aneuploidies tend to delay the process of blastocyst formation and expansion
(Average Marginal Effect [AME] = 0.220, p = 2.4 x 10-). Together, our study offers a detailed view of the spectrum of
aneuploidies in preimplantation embryos and their immense contributions to embryonic mortality, especially during the
precarious developmental transition from the cleavage to blastocyst stage.
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ProgNbr 164. Comprehensive multiomic profiling of somatic mutations in malformations of cortical development
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Abstract:

Malformations of cortical development (MCD) are neurological conditions displaying focal disruption of cortical architecture and
cellular organization arising during embryogenesis, largely from somatic mosaic mutations. Identifying the genetic causes of
MCD has been a challenge, as mutations remain at low allelic fractions in brain tissue resected to treat epilepsy. Here, we report a
genetic atlas from 317 brain resections, identifying 69 mutated genes through intensive profiling of somatic mutations, combining
whole-exome and targeted-amplicon sequencing with functional validation and single-cell sequencing. Genotype-phenotype
correlation analysis elucidated specific MCD gene sets associating distinct pathophysiological and clinical phenotypes. The
unique spatiotemporal expression patterns identified by comparing single-nucleus transcriptional sequences of mutated genes in
control and patient brains implicate critical roles in excitatory neurogenic pools during brain development, and in promoting
neuronal hyperexcitability after birth.
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Abstract:

Activating variants in the PIK3CA gene upregulate the intracellular PI3K/AKT/MTOR signaling pathway, contributing to
uncontrolled cell proliferation and apoptosis resistance. Somatic variants in PIK3CA are associated with segmental overgrowth
disorders, which are now collectively termed P/IK3CA-related overgrowth spectrum (PROS). Here we analyze the genetic
findings in a cohort of patients with disorders of somatic mosaicism (DoSM) and review the reported, clinically significant
variants in PIK3CA. Well-characterized recurrent ‘hotspots’ in PIK3CA, such as p.His1047, p.Glu542, and p.Glu545 that are
observed across multiple cancer types are also known to drive DoSM; however, in this study we wished to focus on potentially
activating PIK3CA variants at other positions. A total of 943 individuals with DoSM were referred to our genetics laboratory for
next generation sequencing (NGS) between 2013 and 2021. Target enrichment, sequencing and analysis of up to 37 genes known
to drive DoSM (including the gene PIK3CA) were conducted as previously described (PMID: 31585106). The average depth of
coverage was in excess of 2000x, facilitating robust detection of variants at low allelic fractions. In the cohort of 943 individuals
with DoSM, a total of 351 reportable PIK3CA variants were identified in 350 patients, with two PIK3CA variants detected in one
individual. The 351 PIK3CA variants include 346 clinically significant alterations and five variants of unknown significance. In
total, we identified 70 unique variants, of which 12 were small insertions or deletions (indels) and 58 were single nucleotide
variants (SNVs). Of the 70 unique variants, six were in the p85 adaptor-binding domain, 25 were in the C2 domain, 12 were in
the helical domain, 19 were in the kinase domain, and 8 were in the linker regions between these domains. Notably, we did not
find any reportable variants in the RAS binding domain. Importantly, we detected 18 novel pathogenic and likely pathogenic
variants (seven indels and eleven SNVs) in patients with PROS, most of which have been previously described in multiple cancer
types. Of note, half of these novel variants were identified in the C2 domain. This study analyzed the spectrum of variants

in PIK3CA using the largest cohort of DoSM-associated clinically significant PIK3CA variants from a single center. A group of
novel, clinically significant PIK3CA variants was identified for the first time in patients with PROS, and together with their
correlation with the functional domains, expands the knowledge base of PIK3CA variants in DoSM.
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ProgNbr 168. Development of a novel oral treatment that rescues gait ataxia and retinal degeneration in a phenotypic mouse
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Abstract:

Familial Dysautonomia (FD) is a neurodegenerative disease caused by a splicing mutation in the Elongator complex protein 1
(ELP1I). This mutation leads to the skipping of exon 20 and a tissue-specific reduction of ELP1 protein, mainly in the nervous
system. FD is a complex neurological disorder accompanied by severe gait ataxia and retinal degeneration. Visual acuity
typically begins to decline at puberty and often progresses to legal blindness in the third decade of life. Individuals with FD show
a significant reduction in the retinal nerve fiber layer (RNFL) due to the death of retinal ganglion cells (RGCs). There is currently
no effective treatment to restore ELP1 protein expression in individuals with FD, and the disease is ultimately fatal. After
identifying kinetin as a small molecule able to correct the ELP] splicing defect, we generated a novel class of compounds that
selectively increase the inclusion of exon 20 through the NIH Blueprint Neurotherapeutics Network, and later working with PTC
Therapeutics. Here, we optimized the potency, efficacy, and distribution of these compounds to develop an oral treatment that
could efficiently pass the blood-brain barrier and correct the ELP! splicing defect in the nervous system. We demonstrated that
the novel compound, PTC258, efficiently restores correct ELPI splicing in mouse tissues, including brain, and most importantly,
prevents the progressive neuronal degeneration characteristic of FD. To assess the therapeutic efficacy of PTC258, we treated the
phenotypic FD mouse TgFD9; Elp14°9/°x through specially formulated chow. The treatment was well tolerated and improved FD
pup survival. We evaluated the effect of PTC258 on mouse gait using CatWalk. Treated FD mice exhibit dose-dependent
improvement in motor coordination at 6 months of age, as demonstrated by a progressive increase in both stride length and base
of support compared with the vehicle-treated FD mice. This gait improvement correlated with a significant increase in the
number of neurons in the dorsal root ganglia (DRG). Similarly, PTC258 rescued retinal degeneration. High-definition spectral-
domain optical coherence tomography (OCT) showed a significant dose-dependent improvement in the thickness of the RNFL in
the treated FD mice, and retinal flat-mount analysis confirmed the rescue of RGC loss. We show that the phenotypic
improvement in mice correlates with the correction of the underlying FD splicing defect, which leads to an increase in full-
length ELP] transcript and a two-fold increase in functional ELP1 protein in the brain. Our findings highlight the therapeutic
potential of this novel class of small molecules as an oral treatment for FD.
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ProgNbr 169. High-throughput transcriptome analyses from ASPIRO, a phase 1/2/3 study of gene replacement therapy for
XLMTM
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Abstract:

Introduction: X-linked myotubular myopathy (XLMTM) is a severe congenital disease characterized by profound muscle
weakness, respiratory failure, and early death. No approved therapy for XLMTM is available yet. Adeno-associated virus (AAV)-
mediated gene replacement therapy (AT132) has shown promise as a novel therapeutic strategy. We aimed to characterize the
transcriptomic changes of XLMTM patients from baseline to 24 and 48 weeks after AAV treatment. Methods: We leveraged
RNA-sequencing data from muscle biopsies of 15 genetically confirmed, ventilator-dependent XLMTM patients, treated with
AT132, and enrolled in ASPIRO, a Phase 1/2/3/ clinical trial (NCT03199469). We then applied differential expression analyses,
gene co-expression analyses, and machine learning to characterize the muscle transcriptomic changes of these patients before and
after AAV treatment. Results: RNA-sequencing data indicate that MTM1 expression levels were significantly (p-value <0.01)
and dose-dependently increased after treatment compared with baseline, as expected. Differential expression analyses between
baseline, week 24, and 48 after treatment identified several upregulated genes enriched in lipid metabolism and inflammatory
response and down-regulated genes enriched in cell-cell adhesion and muscle development pathways. Further exploration of
differentially expressed genes between responders and non-responders based on ventilator dependence identified significantly (p
<0.05 and abs log2FC >2) differentially expressed genes involved in inflammatory and immune pathways. Co-expression
analysis resulted in similarly regulated genes that were grouped into modules. Finally, random forest classification between
baseline, week 24, and 48 identified five genes, including MTM1, as potential biomarkers to monitor the response to AAV
treatment. These findings further extend our understanding of AT132 in XLMTMI at a transcriptomics level.
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ProgNbr 170. Therapeutic outcomes of selumetinib treatment in pediatric and adult Korean patients with neurofibromatosis type
1 and inoperable plexiform neurofibromas
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Abstract:

Neurofibromatosis type 1 (NF1) is complicated by plexiform neurofibroma (PN), stunted growth, neuropsychiatric difficulties,
and reduced quality of life (QOL). Recently, the oral selective MEK inhibitor selumetinib has been reported to decrease the
volume of PN, resulting in QOL improvement in pediatric patients in US, EU, and other countries. The current study is an open-
label, phase 2 trial, and this interim analysis included the 44 Korean patients, with NF1 (with inoperable, symptomatic or
potentially morbid, measurable PN (, treated with selumetinib for at least the first 12 cycles: 10 children at a dose of 20 mg/m? q
12hrs, ten children at a dose of 25 mg/m? q 12hrs, ten adults at a dose of 50 mg q 12hrs, and 14 adults at a dose of 25mg/m?q 12
hrs. Findings of pharmacokinetics, including the maximum concentration (Cmax) and the area under the curve from 0 to 12 hr
(AUCo-121r), volumetric magnetic resonance imaging, growth, neuropsychiatric function, clinical photography of café-au-lait
spots (CALS), and QOL questionnaires were evaluated. The most common adverse event (AE) was folliculitis (79.5%),
paronychia (34.1%), and pruritus (29.5%). All AEs were CTCAE Grade 1 or 2 and resolved without discontinuation. After the 12
cycles, volume reduction relative to baseline was -35.8% (range, —14.6 to —76.8). Partial responses (tumor volume decreases of
20% or higher from baseline) were confirmed in 42 patients (95.5%). In neuropsychiatric functioning, verbal comprehension
(pediatric), perceptual reasoning (adult), processing speed (pediatric and adult), and full-scale IQ (pediatric and adult) scores
improved. The height standard deviation score and growth velocity increased in 13 prepubertal patients. The color intensity of
CALS decreased in 58.8% of patients after 12 cycles and 83.3% after 26 cycles. The QOL scores improved in 80% of children,
100% of their parents, and 60% of adults. Pain improved shortly following initiation of treatment, and pain duration and
frequency gradually decreased duringtreatment. Following a 25 mg/m?/dose, the mean Cmax and AUCo-12nr were 1504.8 ng/mL
and 2257.4 hr*ng/mL in children and 971.0 ng/mL and 2162.2 hr*ng/mL in adults, respectively, which were higher than in prior
Caucasian studies (Eur J Clin Pharmacol 2017;73(6):717-726.). In conclusion, the results of our interim analysis highlights the
previously unrecognized, multiple therapeutic effect of selumetinib in both children and adults with NF1 and PN with no serious
AE.
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ProgNbr 171. Reversible epigenome editing of PCSK9 as a therapeutic strategy
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Abstract:

Among the best-established causal risk factors for cardiovascular disease is the blood concentration of low-density lipoprotein
cholesterol (LDL-C). Proprotein convertase subtilisin/kexin type 9 (PCSK9), an antagonist to the LDL receptor, has emerged as a
promising therapeutic target for the prevention of coronary heart disease. Current PCSK9 inhibitors are administered via
subcutaneous injection and their effects are short-lived. An alternative “one-and-done” strategy using genome editing to disrupt
PCSKO9 at the DNA level has been demonstrated in preclinical animal models, including non-human primates. However,
concerns about the permanence and irreversibility of the genomic changes have been raised and might limit the acceptance of the
therapies.

Recently, a set of CRISPR-based epigenome editing tools, CRISPRoff and CRISPRon, were reported to regulate gene expression
via site-directed methylation and demethylation of gene promoters, respectively. We hypothesized that these epigenome editing
tools could durably and reversibly induce methylation changes in the PCSK9 promoter and thereby modulate its expression. We
first screened CRISPRoff guide RNAs (gRNAs) targeting the PCSK9 promoter, individually and in dual combinations, for their
ability to reduce PCSK9 expression in the human HuH-7 hepatoma cell line. We then performed long-term experiments with the
lead candidate gRNAs. We found that these CRISPRoff gRNAs induced profound increases in methylation at CpG dinucleotides
in the PCSK9 promoter, with up to 80% decreases in PCSK9 expression. These methylation increases and gene expression
decreases have endured through >56 cell divisions so far, with only mild attenuation over time. Using the same gRNAs with
CRISPRon in cells previously treated with CRISPRoff, we observed moderate decreases in methylation and increases in PCSK9
expression. Having established these effects in vitro, we are similarly assessing the durability and reversibility of epigenome
editing using the lead gRNAs in a PCSK9-humanized mouse model.

Overall, this work provides a proof of concept of precise gene regulation via methylation and demethylation and suggests a
potential new therapeutic approach for protection against cardiovascular disease.
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ProgNbr 172. Dosage dependent suppression and replacement gene therapy for KCNH2-mediated arrhythmias
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Abstract:

Background: KCNH2-mediated arrhythmias are caused by either loss-of-function (type 2 long QT syndrome, LQT2) or gain-of-
function (type 1 short QT syndrome, SQT1) pathogenic variants in the KCNH2-encoded Kv11.1 potassium channel essential for
the rapid delayed rectifier current (Ixr) that contributes to the cardiac action potential. No current therapies target the molecular
cause of either LQT2 or SQT1. Objective: To show a dose-dependent rescue of the pathologic phenotype in patient-specific
induced pluripotent stem cell-derived cardiomyocytes (iPSC-CMs) of LQT2 and SQT!1 using our novel gene

therapy. Methods: A dual-component “suppression-and-replacement” (SupRep) KCNH?2 gene therapy was created by cloning
into a single construct a custom-designed KCNH2 shRNA that produces ~80% knockdown (suppression) and a “shRNA-
immune” (shIMM) KCNH?2 cDNA (replacement). Patient-derived iPSC-CMs and their CRISPR-Cas9 variant-corrected isogenic
control (IC) iPSC-CMs were made for a LQT2- (G628S) and a SQT1- (N588K) causative variant. Both pathogenic variant-
containing iPSC-CMs were treated with KCNH2-SupRep or a non-targeting control shRNA (sham). Whole cell patch clamp was
used to measure the effect of SupRep gene therapy on the action potential duration at 90% repolarization (APDoo). Results: For
the LQT2-causative G628S variant, treatment with KCNH2-SupRep resulted in shortening of the pathologically prolonged
APDy to near curative (IC-like) APDyo levels (IC, 435+77ms) compared to treatment with sham (G628S: SupRep-treated,
406+147ms vs. sham-treated, 652+132ms, p=0.0009). Conversely, for SQT1-causative N588K variant, treatment with KCNH2-
SupRep resulted in therapeutic prolongation of the pathologically shortened APDoo (IC: 435+77ms; SupRep-treated: 300+£126ms;
sham-treated: 161+53ms, p = 0.0052). To account for the incomplete rescue in the SQT1 iPSC-CMs, dose-dependent suppression
and replacement was measured using allele-specific qRT-PCR and western blot. Interestingly, robust suppression (>80%) of
endogenous KCNH?2 was achieved across all doses. However, replacement with KCNH2-shIMM occurred in a dose-dependent
manner thus showing that the expression level of KCNH2-SupRep, and consequently its effect on the APDoo, can be adjusted by
titrating the therapeutic dose. Conclusion: We provide the first proof-of-principle gene therapy for correction of either LQT2 or
SQT1. Akin to our sentinel discovery of SupRep gene therapy for LQT1, KCNH2-SupRep gene therapy successfully corrected
the pathologic APDyo, thereby eliminating the pathognomonic feature of both potentially lethal, KCNH2-mediated genetic
arrhythmia syndromes.
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ProgNbr 173. Base editing as a treatment approach for correction of ¢.2988+1G to A, the most common CF-causing variant in
individuals of African descent
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Abstract:

Alterations of the 5’GT splice motif or 3’ AG splice motif result in severe missplicing and are prevalent in many genetic diseases,
including cystic fibrosis (CF). While protein-targeted modulator therapies are currently available for treatment of CF, individuals
with these canonical splice site variants (CSSVs) are among the ~10% who remain untreated. The most common CF-causing
variant in individuals of African descent is a CSSV, ¢.2988+1G>A. While >75% of individuals with a CSSV have a modulator
eligible in trans allele, only 50% of the 450 individuals bearing ¢.2988+1G>A are eligible. Thus, there is a particular unmet need
for a treatment for these individuals. CRISPR/Cas9-mediated adenine base editing (ABE) is an efficient and targeted genome
editing method correct G>A variants. We electroporated NRCH-ABE8e mRNA and a previously optimized sgRNA to non-
differentiated human primary nasal (HNE) or bronchial (HBE) epithelial cells from individuals with CF compound heterozygous
for ¢.2988+1G>A. After differentiation of edited cells genomic editing and recovery of CFTR channel function were assessed. In
primary HBEs and primary HNEs, we observed an allelic conversion to WT of 74.7% and 81.3%, respectively, at the +1 site.
Interestingly, we also observed high levels of editing at adjacent adenines (+3, +7), which would have a modest effect on mRNA
splicing (~20% reduction). However, this did not preclude recovery of CFTR channel function. Compared to WT/WT HBEs and
HNESs, unedited cells showed ~5% function, while edited cells achieved >50% function. Since electroporation is not a
translationally viable delivery approach, we investigated polymeric nanoparticle mediated delivery to both primary HBE and
HNE cells by flow cytometry. GFP mRNA evaluated transfection efficiency and cell viability across three dosages (150, 75, 32.5
ng), four polymer-to-mRNA weight-to-weight ratios (60, 40, 30, 20) and three polymers (R, X, Y). HBEs transfected with
polymers R & Y showed ~57% transfection at 75 and 32.5 ng, with polymer X averaging ~25% across the same dosages.
Polymer Y showed slightly higher viability of HBEs vs. polymer R. HNEs in comparison achieved a maximum of ~37% GFP
transfection with polymers R & Y at 32.5 ng compared to a maximum of ~22% with polymer X at the same dose, with 75-95%
viability across all polymers. The ABE design reported here corrects ¢.2988+1G>A in airway epithelia with high efficiency when
robust delivery is achieved. Given that nanoparticle optimization allowed successful delivery to >50% of cells, we anticipate
clinically significant recovery of function in vivo by combining this ABE design with an optimized polymeric nanoparticle.
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Abstract:

Developing genomic studies in diverse populations is a top priority in human genetics. To contribute to these efforts, we
generated genotype and exome sequencing data for 140,000 individuals of the Mexico City Prospective Study (MCPS), and
whole genome sequencing for 10,000 selected individuals. This resource represents the largest study in Mexico and the most
extensive sequenced sample collection of non-European ancestry to date. Whole exome sequencing (WES) and whole genome
sequencing (WGS) identified 9.3M (4.0M coding) and 131.9M (1.5M coding) variants respectively, of which 1.4M and 31.5M
variants were unique to MCPS compared with other large scale WES and WGS databases.

We developed an imputation reference panel (MCPS10k) from the WGS data, utilizing phase information from sequencing reads
and pedigrees. WGS variants were phased onto a genotyping array haplotype scaffold to enable ancestry-specific allele frequency
estimation. Through the WGS analysis of trios, we found that haplotypes were phased with an overall switch error rate of 0.0024,
but depended upon individual ancestry. We compared the performance of the MCPS10k and TOPMed panels on remaining
MCPS and external Mexican individuals, establishing that MCPS10k outperformed TOPMed for variants with MAF > 0.1% and
for individuals with greater Native Mexican ancestry. The MCPS10k panel will be available via the Michigan Imputation
Server!.

We devised a novel approach to estimate ancestry-specific allele frequencies that leverages local ancestry (LA) information in
genotype data and interpolates ancestry to WES and WGS variants. Median sample sizes for estimation of Native Mexican,
European and African ancestry were 91,856, 42,009 and 4,312 respectively for WES variants, and 6,549, 3,058 and 341 for WGS
variants. Validating our estimates at MCPS WES variants with those overlapped in gnomAD 3.1, we observed excellent
agreement for Non-Finish European (r? = 0.994) and African (r? = 0.987) ancestries, despite greater heterogeneity in African
populations and the lower median MCPS African sample size. We found the highest levels of variation in African segments
consistent across genomic annotations: for example, the mean number of putative loss-of-function variants in Native Mexican,
European and African genomes were 347, 361 and 427 respectively. Overall, allele frequencies at 141,802,412 MCPS variants
are made publicly available on the RGC website!, increasing by 10-fold the number of LA-resolved frequencies compared to the
gnomAD browser?.

! https://rgc-mcps.regeneron.com/home? https://gnomad.broadinstitute.org/? https://imputationserver.sph.umich.edu/

© Copyright 2022 The American Society of Human Genetics. All rights reserved. Page 101 of 352



ASHG 2022 Annual Meeting Platform Abstracts

S28. Ancestry and admixture in diverse populations

Location: Conv Ctr/West Hall A/West Building

Session Time: Wednesday, October 26, 2022, 1:45 pm - 2:45 pm

ProgNbr 177. IBD-Mix: An accurate IBD segment-based local ancestry inference method
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Abstract:

With the increasing popularity of whole genome sequencing technology and diverse biobank cohort, the high resolution of
genetic structure of admixed populations is to be discovered. Identifying the ancestry of each segment of an individual haplotype,
or local ancestry inference (LAI), is the key process to reveal such structure. Current competitive LAI methods typically use
either site-level statistical models or window-level machine learning models. All these methods do not leverage the intuition that
local ancestry breakpoints are also identical-by-descent (IBD) segment breakpoints as they are all caused by recombination
events. With the availability of large panels for reference populations and the fact that the IBD segments can be called efficiently,
here, we present a new method, IBD-Mix, to perform local ancestry inference by leveraging the power of Identity-By-Descent
(IBD) segments. IBD-Mix first calls IBD segments between the query haplotype and template haplotypes in the reference panel
by RaPID-Query, and then builds a graph with different weights of switching templates within or between ancestries. The LAI
can be formulated as an optimization problem by finding the shortest path in the graph that can be solved efficiently by dynamic
programming. For benchmarking, admixed individuals are simulated by SLiM using 1000 Genomes project dataset as founders’
populations. Initial results suggest that for a 15-generation two-way admixed population (African and European), the accuracy of
IBD-Mix reaches 99.72%, which outperforms the state-of-the-art LAl method G-Nomix having 98.69%. For a 15-generation
three-way admixed population (African, European, and East Asian), the accuracy reaches 99.00% as G-Nomix has 95.04%. Since
IBD-Mix outperforms G-Nomix which was reported outperforming RFmix and other competitive methods, we expected that
IBD-Mix will be a competitive method for advancing genetics studies of admixed populations.
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Abstract:

Population structure is ubiquitous in genetics as a confounder in genome wide association studies. Population genetic analyses
typically focus on identifying major axes of variation (PCA) or ancestral components within individuals (Admixture). However,
individuals from populations that share demographic histories can vary appreciably in PCA or admixture components. Here, we
instead use a topological approach to identify groups with similar genetic ancestries and demonstrate its effectiveness at
identifying different scales of structure in large, multi-ethnic biobanks with unbalanced population sizes and many admixed
individuals.

Using genotype data, we apply UMAP with HDBSCAN(e), an unsupervised hierarchical density-based clustering algorithm for
varying population sizes. Clustering of the 1000 Genomes data strongly matched population labels, with a median Rand index of
0.94. In the UK biobank (UKB), this approach creates clusters correlated to place of birth and self-identified ethnic background,
as well as clusters not easily captured by questionnaire data, providing a novel method for identifying populations in a label-
agnostic manner. These topology-based clusters show distinct distributions of phenotypic measures, environmental data, and
socioeconomic data.

This approach identifies unique phenotype distributions in populations that persist even after correcting with top principal
components, such as in populations with recent admixture. It is computationally cheap, simple to integrate into linear regressions
and linear mixed models, and is well-suited to large multi-ethnic biobanks. We discuss implications for variant discovery, for the
construction and transferability of polygenic risk scores across ethnic groups, and for the identification of environmental
interactions.
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Abstract:

In a genetically admixed population, admixed individuals possess ancestry from the various source groups. Studies of genetic
admixture in admixed human populations frequently estimate ancestry components corresponding to fractions of individual
genomes that trace to specific ancestral populations. However, the same numerical ancestry fraction can represent a wide array of
admixture scenarios. Using a mechanistic model of admixture, we characterize admixture genealogically: how many distinct
ancestors from the source populations does the admixture represent? We consider the case of African Americans in the United
States, for whom estimates of continent-level ancestry produce a 75-85% value for African ancestry on average and 15-25% for
European ancestry. Genetic studies together with numerical values drawn based on key epochs of African-American
demographic history suggest ranges for model parameters. Using the model, we infer that if the genealogical lineages of a
random African-American individual are traced back until they reach members of source populations, the expected number of
genealogical lines terminating with African individuals is approximately 300, and the expected number terminating in Europeans
is approximately 50. This genealogical perspective on admixture can contribute to further understanding the processes that
underlie current admixed populations. Moreover, for African Americans, the results provide insight both on how many of the
ancestors of a typical African American might have been forcibly displaced to the Americas in the Transatlantic Slave Trade and
on how many separate European admixture events might exist in a typical African-American genealogy.
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Abstract:

Mammographic breast density (BD) is well-established as one of the strongest independent risk factors for breast cancer. Dense
breast tissue is comprised of fibroglandular tissue, whereas nondense tissue is mainly fat. Women with mammographic density
in 75% of the breast have a 4- to 5-fold increased risk of breast cancer as compared to those with little or no dense tissue. BD is a
highly heritable, quantifiable trait, and several recent genome wide association studies (GWAS) have identified over 50 loci
associated with mammographic BD phenotypes. Many of these variants have been discovered as the susceptible loci of breast
cancer; therefore, uncovering the genetic basis of BD may help identify genes that determine breast cancer risk. In contrast to
mammography, MRI can provide volumetric measures of BD that are potentially more sensitive to individual variability. For the
first time, we have derived BD phenotypes from MRI scans of 15,614 women from the UK Biobank (UKB) cohort, and show
that these lead to replication of existing genetic associations for BD, and novel discoveries, paving the way for future genetic
studies of MRI-derived BD. We obtained whole-body water and fat MRI scans from UKB and trained a convolutional neural
network to perform breast volume segmentation using manual annotations from 122 participants. Water- and fat-fraction maps
were averaged within the breast volume segmentations to derive the dense volume (DV) and nondense volume (NDV)
phenotypes, respectively. Percent dense volume (PDV) phenotypes were taken as the proportion of DV to DV+NDV. GWAS of
DV, NDV and PDV was performed to test for genetic signals known to associate with mammographic BD. We identified 15
genome-wide significant signals, including 11 that recapitulated known mammographic BD loci, and novel associations with DV
at loci overlapping the EGFR and ROR! genes. We also replicated 39/57 signals previously identified to associate with
mammographic BD. As the UKB imaging cohort grows to 100,000 participants and beyond, this work could yield the single
largest sample of BD phenotypes and facilitate rare variant discovery. These phenotypes will be returned to UKB, providing an
important resource for investigating the genetic basis of breast cancer.
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Abstract:

Longitudinal data from electronic health records (EHR) has immense potential to improve clinical diagnoses and personalized
medicine (Abul-Husn et al. 2019 Cell). A key challenge is to extract biologically useful information from age-dependent patient
disease histories spanning a large number of distinct diseases.

We introduce an age-dependent topic modelling (ATM) method that provides a low-rank representation of longitudinal records of
hundreds of distinct diseases in large EHR data sets. The model learns, and then assigns to each individual, topic weights for
several disease topics, each of which reflects a set of diseases that tend to co-occur as a function of age (quantified by age-
dependent topic loadings for each disease). We use variational Bayesian methods to estimate the parameters of the model.
Simulations show that ATM outperforms other approaches in distinguishing distinct age-dependent comorbidity profiles.

We applied ATM to 282,957 UK Biobank samples, analyzing 1,726,144 disease diagnoses spanning 349 diseases with >1,000
incidences. We identified 10 disease topics optimizing model fit. Most disease topics grouped diseases from the same system
(e.g. cardiovascular or endocrine) and most diseases were assigned to a single topic. However, we identified 52 diseases with
heterogeneous comorbidity profiles (=500 incidences assigned to each of >2 topics), including breast cancer, type 2 diabetes
(T2D), hypertension, and hypercholesterolemia; for most of these diseases, the topic loadings were highly age-dependent,
implying differences in disease etiology for early-onset vs. late-onset disease. We note that these analyses were not informed by
genetic data.

We defined subtypes of the 52 heterogeneous diseases based on their respective topics, and sought to validate the disease
subtypes by comparing genetic risk across subtypes using polygenic risk scores (PRS) (computed in held-out samples using LD-
pruning + P-value thresholding). We identified several diseases whose PRS differed significantly across subtypes, including the
cardiovascular subtype of T2D (0.20 s.d. higher PRS; p=6e-10) and the sensory subtype of asthma (0.07 s.d. higher PRS; p=8e-
7). We further identified specific SNPs underlying these differences. For example, the T2D-associated SNP rs1412829 in

the CDKN2B locus has a higher odds ratio in the top quartile of cardiovascular topic weight (1.1540.02) than in the bottom
quartile (1.03+£0.02) (p=4e-05 for difference). These results validate the biological significance of the disease subtypes inferred
using ATM.
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Abstract:

Refined patient stratification and sufficient sample sizes are critical factors in identifying confident genetic signals from
phenome-wide association studies (PheWAS). Characterising patient cohorts with high confidence can suffer from
incompleteness of electronic health records, inaccuracies in self-reported diseases, undiagnosed conditions due to an early stage
of the disease at the time of assessment and other factors. UK Biobank (UKB) offers a wealth of phenotypic information that can
be used to tackle these challenges and discover previously undiagnosed subjects by predicting disease likelihood from
quantitative traits and biomarker profiles. Leveraging this information, we can build patient cohorts of higher confidence and
with greater sample sizes, thus improving the power of PheWAS analyses and uncovering novel signals. Herein, we present
MILTON (Machlne Learning with phenoType associatONs): a framework for phenome-wide inference of disease signatures
using machine learning. The learnt models enable the construction of extended case cohorts that can be used for further analyses,
such as rare-variant collapsing analyses, as well as estimate the importance of key factors contributing to each disease. We
applied MILTON to 5,143 ICD10-based cohorts with a sufficient number of known cases (> 300), achieving an AUC > 0.80 for
340 of those phenotypes. The trained models infer the signature of each phenotype or disease based on a set of 58 quantitative
traits (mostly biomarkers) available in UKB and then extract novel cases from the rest of the UKB cohort, predicted to have
similar biomarker profile with the original disease cohort. By performing binary Phe WAS analysis on MILTON extended
cohorts, we were able to pick up 301 out of 534 significant associations (p < 5x107®), previously missed by binary PheWAS
collapsing analysis but picked up by quantitative Phe WAS (p < 5x10®) in our published Phe WAS study on 300K UKB WES
samples (Wang et al., 2021). We also found 1,193 completely novel hits of higher confidence (MILTON AUC > 0.90) as well as
thousands more that require further investigation. We accompany MILTON’s phenome-wide results with a web-based portal that
enables: 1) exploration of novel associations predicted by MILTON, 2) inspection of top contributing features learnt for each
phenotype and 3) comorbidity analysis across ~13,500 ICD10 codes available in UKB for any custom case cohort to help with
the interpretation of the results. We find that MILTON’s results provide novel insights into the profile of several diseases as well
as elucidating underpowered gene-disease associations across multiple phenotypes.
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ProgNbr 185. Participation bias correction reveals substantial impact on genetic association and downstream analyses in the UK
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Abstract:

While large-scale volunteer-based biobanks have become the cornerstone of genetic epidemiology, such samples are rarely
representative of their target population. For example, of the 9 million people invited to take part in the UK Biobank (UKBB),
only 5.5% (~500,000) were recruited into the study - a sample of volunteers with healthier lifestyles, higher levels of education,
and favourable socio-economic conditions compared to the general population. The extent to which selective participation in the
UKBB distorts findings obtained in genetic studies is currently unknown. In this study, we aim to evaluate the impact of
participation bias in the UKBB, and to pin down areas of research that are particularly susceptible to bias when using non-
representative samples for genome-wide discovery. By comparing 11 harmonised characteristics of the UKBB to that of a
representative sample, we derived a model for participation probability. We then conducted inverse probability weighted
genome-wide association analyses (WGWA) on more than 20 UKBB traits, and compared results to those obtained from standard
GWA analyses. Comparing the output obtained from wWGWA (Neffective=72,000-93,000) to traditional GWA analyses
(N=237,000-303,000), we assessed the impact of participation bias on three sets of genomic findings, namely 1) genome-wide
discovery, 2) SNP heritability and genetic correlation estimates and 3) exposure-outcome associations obtained from Mendelian
Randomization (MR). We find that about 3% of all identified SNPs reached genome-wide significance only in wGWA analyses,
highlighting SNPs missed as a result of participation bias. Participation bias can lead to both an over-estimation (e.g., for
education) and under-estimation of SNP effects (e.g., smoking). In a similar vein, participation bias distorted heritability
estimates (average change: 0.029, range 0.001-0.258), genetic correlations (average change: 0.054, range 0.001-0.264) and MR
estimates (up to 0.31 change in bswandardized), most notably for socio-behavioural traits including education, smoking and BMI.
Overall, the bias mostly affected magnitude of effects, rather than direction. In contrast, genome-wide findings for more physical
health traits (e.g., LDL, SBP) exhibited less bias as a result of selective participation. In summary, our results highlight that
participation bias can distort genomic findings obtained in non-representative samples. Moving forward, more efforts ensuring
either sample representativeness or correcting for participation bias are paramount, especially when studying the genetic
underpinnings of behaviour, lifestyles and educational outcomes.
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ProgNbr 188. The inner junction protein CFAP20 functions in motile and non-motile cilia and is critical for vision
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Abstract:

Genetic disorders affecting cellular cilia are known as ciliopathies, and are typically classified based on if the genetic alteration
impacts motile or non-motile sensory cilia. Motile cilia dysfunction are associated with primary ciliary dyskinesia, characterized
by chronic respiratory airway disease. In contrast, defects of non-motile cilia cause variable phenotypes such as retinopathy, renal
disease, and neurological disorders. CFAP20 is a highly conserved protein across multiple organisms with an established role in
motile cilia in unicellular eukaryotes. We report 8 individuals from 4 unrelated families who have inherited retinal dystrophy
(IRD) due to biallelic variants in CFAP20. 3 families were sequenced as part of an undiagnosed retinal dystrophy cohort via
100K Genomes project, and the fourth family was identified through clinical exome sequencing. 3 families presented with
isolated IRD but there was a potentially more severe phenotype in family 4 where there were variable neurological phenotypes as
well (epilepsy, spasticity, and neurodevelopmental disorder). No individuals had respiratory airway disease. All variants were
rare in gnomAD v2.1.1 with MAF of 1.06E-05 or less. The affected individuals were either homozygous for a missense variant,
or compound heterozygous for a missense variant with a splice or frameshift variant, and notably no individuals were biallelic for
loss of function variants. All missense variants were predicted damaging, and CFAP20 demonstrates constraint for missense
variation (Z=2.07). The patient specific CFAP20 protein variants expressed in HEK cells had decreased stability compared to
WT controls. In zebrafish, we found that CFAP20 is required for motile cilia function. However, zebrafish cfap20-/- mutants also
have a progressive retinal dystrophy reflecting the human phenotype. Of note, unlike the other missense variants, the Y86C
variant from family 4 was not able to rescue cfap20” zebrafish, suggesting this variant may be more damaging. In C. elegans, an
organism without motile cilia, CFAP20 maintains the structural integrity of the inner junction of non-motile cilia and influences
behaviours and development. This report links IRD, a classic non-motile ciliopathy phenotype, to a gene with a known role in
motile cilia, and thus challenges the motile vs non-motile ciliopathy dichotomy. More families will be needed to clarify the
phenotypic spectrum of CFAP20-related disease, as syndromic disease with systemic / neurological manifestations may be
possible as suggested by family 4, and different variants may be associated with variable functional impairment of the protein.
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Abstract:

Development of the brain requires precise regulation of gene expression. Epigenetics plays a critical role in gene expression
regulation and disruption of epigenetic regulators frequently results in neurodevelopmental disorders (NDDs). KDM6B is a
histone demethylase that specifically removes methyl groups from di- and trimethylated histone H3 lysine 27 (H3K27me3), a
well-established epigenetic modification for gene silencing. Previously, 12 de novo KDM6B variants were found to be associated
with a dominant syndromic NDD. However, the phenotypic spectrum of the disorder remains undefined and the underlying
molecular mechanisms are still unknown. Here, we vastly expand the molecular and clinical spectrum of the KDM6B-related
NDD by analyzing 85 new cases with mostly de novo KDMG6B variants. Combining our novel cohort with the previously
published cases, we found a total of 82 unique variants in KDM6B: 61 loss of function (LoF) and 21 protein altering variants
(PAVs). Using in silico 3D protein structure analysis and a novel dual Drosophila gain-of-function assay, we demonstrated a
disruptive effect of 11 PAVs located in or near the enzymatic JmJC domain or Zn-containing domain of KDM6B. The
significance of 10 PAVs remains unknown. Individuals with confirmed likely pathogenic KDM6B variants present with
neurodevelopmental issues, along with other phenotypes with varying prevalence and severity. Analyzing a large cohort allowed
for identification of important but rare features of the KDM6B-related NDD including seizures or psychosis present among older
individuals in the study. While the overall phenotype is too variable to be recognized by clinical assessment alone, cognitive
deficits are seen consistently in all individuals. We therefore assessed the role of KDM6B in cognition and behaviour using a
neuronal Drosophila RNAi knockdown model, which shows deficits in memory, social behaviour, sleep, and activity. Taken
together, we define the molecular and clinical spectrum of the KDM6B-related NDD, introduce a novel functional testing
paradigm for the assessment of KDM6B PAVs, and demonstrate a conserved role for KDM6B in cognition and behaviour.
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Authors:

S. Houghtaling', A. Vilceanu?, K. Gripp?, D. Doherty*, M. Ruzhnikov’, K. Sisco®, D. Wenger®, Undiagnosed Disease Network,
S. Sacharow’, M. Osmond?®, Care4Rare, K. Lanko’, A. Bouman®, D. Beier', S. Barakat®, D. A. Keays?, K. Aldinger'; 'Seattle
Children’s Res. Inst., Seattle, WA, 2Ludwig-Maximilians-Univ. Munich, Munich, Germany, *Nemours Children’s Hosp.,
Wilmington, DE, “Univ of Washington, Seattle, WA, >Lucile Packard Children's Hosp., Stanford, CA, *Washington Univ. Sch. of
Med., St. Louis, MO, "Boston Children Hosp., Chestnut Hill, MA, 8Children s Hosp. of Eastern Ontario, Ottawa, ON,

Canada, °Erasmus Univ. Med. Ctr., Rotterdam, Netherlands

Abstract:

The MAST family of microtubule-associated serine-threonine kinases has been implicated in neurodevelopmental disorders,
including developmental brain abnormalities (MAST1) and epilepsy (MAST3). Through an international collaboration, we
identified 7 individuals with de novo heterozygous variants in MAST4, including one recurrent missense variant associated with a
consistent brain malformation in two unrelated patients. All MAST4 patients presented with developmental delay and vision
abnormalities. Neuroimaging findings included periventricular leukomalacia, cerebellar atrophy, polymicrogyria, and mega
corpus callosum. A developmental and epileptic encephalopathy was diagnosed in 4 individuals. To gain insight into the role

of MAST4 in neurodevelopment, we performed in situ hybridization in the human brain during early developmental stages and
found that MAST4 is prominently expressed in the developing thalamus. To investigate the effect of MAST4 loss-of-function in
vivo, we used CRISPR/Cas9 to efficiently reduce mast4 expression in developing zebrafish embryos and quantified head size at
48 hours post fertilization. Head volume was reduced relative to the yolk sac volume in mast4 injected zebrafish, suggesting
abnormal brain development due to reduced mast4 levels. Finally, to determine whether MAST4 mutations influence microtubule
binding, we are performing in vitro transcription and translation assays. In summary, we identified 7 individuals with de

novo MAST4 variants with overlapping neurological phenotypes. Our initial analysis in a zebrafish model suggests that mast4
function is required for proper brain development.
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Abstract:

Next generation sequencing (NGS) has helped us to identify disease-causing de novo variants that are associated with various
neurodevelopmental disorders. Diagnosing these variants have been arduous since genetic etiologies often present with a wide
range of phenotypic heterogeneity. Here, we harmonized and analyzed 10,705 trios with exome sequencing data across four
cohorts and translated 103,523 specified clinical features to Human Phenotype Ontology (HPO) terminology. The clinical
annotations spanned across 4,357 terms including global developmental delay (27%), and seizures (12%) as the most common
terms. After inferring higher-level terms, we determined a total of 619,109 clinical annotations including 5,366 unique terms.
Analyzing using a standardized variant calling pipeline and filtering for de novo variants, we diagnosed 1,183 variants and 298
genetic etiologies present in two or more individuals. TRIM13 (n=33), KMT24 (n=22), KCNQ?2 (n=18), MECP2 (n=17),

and STXBP! (n=17) were the most common genetic etiologies in the cohort. We also identified 102 recurrent de novo variants in
two or more individuals, with TRIM13 p.L407F (n=33), PACSI p.R203W (n=15), and PPP2R5D p.E92K (n=12) representing the
most frequent recurrent variants. Leveraging the structure of HPO, we measured clinical relatedness using phenotypic similarity
analysis and identified 72 genes with significant phenotypic similarity. For eight genetic etiologies that did not reach
significance, recurrent variants in these genes showed significant similarity including A7NI p.Q496_502del,

and SLC6A1 p.F287S. Clustering analysis revealed seven genes including STXBP1 and BPTF with subgroups characterized by
distinct phenotypic features. We also compared phenotypic similarity with the expected frequency of de novo variants,
highlighting patterns in phenotypically similar genetic etiologies. Using a novel phenotypic neighborhood approach, we
examined individuals with high phenotypic similarity to the carriers of de novo variant in the same gene. Most genetic etiologies
only accounted for a fraction of clinical similarity between individuals, highlighting the complex phenotypic landscape of
neurodevelopmental disorders. In summary, we provide a scalable framework for phenotype analysis in large datasets to improve
delineation of gene-disease relationships. Using computational phenotypes methods for the ever-increasing cohorts of sequencing
data along with rich phenotypic data, this provides the possibility to detect novel genetic etiologies especially when the
individuals have a rare causative gene with prominent phenotypic features.
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Abstract:

Bulk RNA-seq expression is an average measurement between two chromosomes and across cell populations, which diminishes
the allelic and population gene expression heterogeneity. Mechanistically, gene expression is controlled by promoter kinetics,
which typically produces a bursting pattern. These bursting patterns create significant transcriptional heterogeneity in human
cells and are associated with cell differentiation, aging, and more. Despite their importance, promoter kinetics have not been
comprehensively studied in human cells. We used single-cell RNA-seq from two lymphoblastoid cell lines (LCLs) to achieve a
transcriptomic measurement of promoter kinetics (promoter switching rates, mRNA transcription rate, burst size, and burst
frequency). We combined scRNA-seq data with phased genotypes and fit them with a two-state model to derive promoter
kinetics for a single chromosome. We derived 161 allelic-level transcription factors (TFs) occupancy profiles from ChIP-seq data
and associated the allelic-specific binding (ASB) of TFs with allelic-level promoter kinetics. We further validated the results with
allelic open chromatin derived from DNA methylation and ATAC-seq profiles. In GM12878 and GM 18052, over 90% of
biallelic expression observed in the cell population comes from random monoallelic expression in single cells. ASB of TFs to
distal enhancer regions and transcriptional start sites explain 74~86% of the variance for transcriptional initiation rate and burst
frequency, whereas they only explain ~25% for burst size. Moreover, for 108,156 eQTL identified in LCLs, we found a
significant correlation between the effect size of eQTL and the fold change of promoter kinetics between two alleles, specifically
burst frequency(coefficient=0.283,p value=2.073¢-09). Previous studies in mammalian cells also show a tight regulation of burst
frequency rather than burst size. The transcriptome-wide analysis shows that the ASB of YY1 and EED are associated with the
change of promoter kinetics in LCLs(FDR<O0.1). Moreover, for a single chromosome, chromatin accessibility together with ASB
of TFs shapes the promoter kinetics. A suggestive eQTL, rs4148869, has a C allele concurrent with 5 TFs showing ASB,
unmethylated CpG islands, allelic ATAC-seq peaks, and larger promoter kinetics of HLA-DQB1. A GWAS locus rs381218 was
potentially associated with autoimmune traits due to ASB of TBP and allelic open chromatin. In summary, the differences in
genetic and epigenetic factors between two chromosomes regulate the promoter kinetics, leading to allelic specific expression,
which possibly helps explain the mechanism of eQTL and haploinsufficiency.
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Abstract:

Massively parallel reporter assays (MPRA) are a high-throughput method to assess activity of candidate cis-regulatory sequences,
and can be used to detect allelic differences at disease-associated variants. Previously published MPRA studies have screened
functional SNPs associated with various traits and conditions, including type 2 diabetes. Here, we used an MPRA library to
quantify activity of 1,305 pancreatic islet-derived TSSs generated from CAP analysis of gene expression (CAGE) profiling. We
cloned oligos upstream or downstream of a reporter gene along with either the human insulin (INS) promoter or a synthetic
housekeeping promoter (SCP1). We used generalized linear models (GLM) to predict position-specific oligo activity from tissue-
specific chromatin state regulatory annotations. Overlap with islet ATAC-seq peaks (f =9.20, p < 0.01) and positive
strandedness (B = 11.91, p < 0.001) both predicted significantly hig