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Genetic determinants of glycated hemoglobin levels in the Greenlandic
Inuit population. E.V.R. Appel, I. Moltke?, M.E. Jorgensen®, P. Bjerregaard*s,
A. Linneberges, O. Pedersen’, A. Albrechtsen2?, T. Hansen', N. Grarup'. 1)
NNF-CBMR: Section for Metabolic Genetics, Faculty of Health and Medical
Sciences, University of Copenhagen, Copenhagen, Copenhagen &, Denmark;
2) The Bioinformatics Centre, Department of Biology, University of Copenha-
gen, 2200 Copenhagen, Denmark; 3) Steno Diabetes Center, 2820 Gentofte,
Denmark; 4) National Institute of Public Health, University of Southern Den-
mark, 1353 Copenhagen, Denmark; 5) Greenland Centre for Health Research,
University of Greenland; 6) Research Centre for Prevention and Health,
Capital Region of Denmark, Copenhagen, Denmark; 7) Department of Clinical
Experimental Research, Rigshospitalet, Glostrup, Denmark; 8) Department

of Clinical Medicine, Faculty of Health and Medical Sciences, University of
Copenhagen, Copenhagen, Denmark.

We recently showed that a common genetic variant leads to a remarkably
increased risk of type 2 diabetes (T2D) in the small and historically isolated
Greenlandic population. Motivated by this, we aimed at discovering novel
genetic determinants for glycated hemoglobin (HbA:c) and at estimating the
effect of known HbA:c associated loci in the Greenlandic population. We an-
alyzed genotype data from 4,049 Greenlanders, which have previously been
generated using the lllumina Cardio-Metabochip. We performed the discovery
association analysis by applying an additive linear mixed model. To estimate
the effect of known HbAc associated loci we modeled the effect in the Europe-
an and Inuit ancestry proportions of the Greenlandic genome (EPG and IPG).
We found no novel significant associations after correcting for multiple testing.
When we investigated loci known to associate with HbA:c levels, we found that
the lead variant in the GCK locus associated significantly with HbA:c levels in
the IPG (Prs=4.8:10%, Bre=0.13 SD). Furthermore, for 10 of 15 known HbA:c
loci the effect was similar to previously reported effects. Interestingly, the
ANKT1 locus showed a significant ancestral population specific effect, with op-
posing directions of effect in each ancestral population. We found no evidence
of additional independent association signals in the known HbA:c associated
loci. In conclusion, we found only 1 of the 15 known HbAc loci to significant
associate within the IPG and that 10 of 15 loci showed similar effects as found
in European and East Asian populations. Our results shed light on the genetic
effects across ethnicities.

329T

The Type 2 Diabetes Knowledge Portal: A paradigm for the democratiza-
tion of human genetic information. M.C. Costanzo, Accelerating Medicines
Partnership for Type 2 Diabetes Knowledge Portal. Medical and Population
Genetics, Broad Institute, Cambridge, MA.

Discovery of the association of human genetic variants with diseases and
traits can spur novel insights in health and medicine. But most association
data are warehoused in disparate silos and are difficult to access. Even in a
specific disease area, results from different consortia are often not integrat-
ed with each other. Thus it can be prohibitively difficult for researchers even
to access the data, let alone use them to generate hypotheses that could
catalyze the clinical translation of genetic discoveries. The Accelerating Med-
icines Partnership in Type 2 Diabetes (AMP T2D) addresses this problem by
forging collaboration between the National Institutes of Health and academic,
industrial, and nonprofit stakeholders in order to produce and aggregate
data, develop analysis methods and tools, and build infrastructure for data
storage and presentation. The results of this collaboration are available via the
Type 2 Diabetes Knowledge Portal (http://www.type2diabetesgenetics.org),
an open-access resource that aggregates genetic and phenotypic data in a
framework that facilitates dynamic analysis across disparate data sets while
protecting patient privacy. The Portal knowledgebase contains T2D associa-
tion studies from all the large-scale T2D consortia and projects, covering more
than 260,000 individuals, along with harmonized genome-wide association
study (GWAS) meta-analysis data from over 600,000 samples for an addi-
tional 25 relevant traits. We have recently integrated variant data from 1000
Genomes, 2,500 whole genomes from GoT2D, and 60,000 exome sequences
from the Exome Aggregation Consortium. By the end of 2016 we will release
results for an additional 9,000 exomes and GWAS data for over 30,000 T2D
samples: 4,000 multiethnic samples from a clinical pre-diabetic study (CAMP);
14,000 African-American samples from BioMe; and 11,800 Finnish samples
from METSIM and FUSION. Portal data are currently stored in a Data Coor-
dinating Center (DCC) at the Broad Institute. Soon, they will also be stored at
connected federated nodes, including the European Bioinformatics Institute,
enabling each node to protect patient data in accordance with local regulations
while facilitating global access to analyses. To spark insights from these data,
we have developed tools for custom analysis of variant associations. Software
and methods developed within the AMP T2D project will be publicly available
and are generally applicable to variant associations with any disease or trait.

Copyright © 2016 The American Society of Human Genetics. All rights reserved
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Genotype-by-multivariate dietary environment interaction effects on
cardiometabolic risk factors in Mexican American children: The SAFARI
study. V.P. Diego’, J. Vanamala®*, V.S. Farook?, L. Reddivari, S.P. Fowlers,

S. Puppala’, G. Chittor’, R.G. Resendezz, J.C. Alvarenga?, S. Mummidp, L.
Almasy’, J.E. Curran’, A.G. Comuzzie’, D.M. Lehmanes, C.P. Jenkinsonz, J.L.
Lynch, R.A. DeFronzo®, J. Blangero, D.E. Hale™, R. Duggirala’, R. Arya>. 1)
South Texas Diabetes and Obesity Institute, University of Texas Rio Grande
Valley, Brownsville, TX; 2) South Texas Diabetes and Obesity Institute,
University of Texas Rio Grande Valley, Edinburg, TX; 3) Department of Food
Science, Penn State University, University Park, PA; 4) The Pennsylvania
State Hershey Cancer Institute, Penn State Milton S Hershey Medical Center,
Hershey, PA; 5) Department of Plant Science, Penn State University, Univer-
sity Park, PA; 6) Department of Medicine, University of Texas Health Science
Center at San Antonio, San Antonio, TX; 7) Department of Genetics, Texas
Biomedical Research Institute, San Antonio, TX; 8) Department of Nutrition
and UNC Nutrition Research Institute, University of North Carolina at Chapel
Hill, Kannapolis, NC; 9) Department of Cellular & Structural Biology, University
of Texas Health Science Center at San Antonio, San Antonio, TX; 10) Depart-
ment of Pediatrics, University of Texas Health Science Center at San Antonio,
San Antonio, TX.

Obesity, type 2 diabetes (T2D), and the metabolic syndrome (MetSyn)—
defined as a cluster of obesity, pre-diabetes, and other cardiometabolic risk
factors (CMRFs)—are worldwide epidemics, and are increasingly prevalent in
children of minority ethnicity. As part of the San Antonio Family Assessment of
Metabolic Risk Indicators in Youth (SAFARI) Study on healthy Mexican Ameri-
can children, we studied genotype-by-environment interaction (GEI) effects on
CMREF variation in 216 boys and 208 girls with a mean age of 11.6 years. We
studied GEl in relation to dietary multivariate environments (MEs), defined as
scores from the first 4 factors of a principal component analysis (PCA) of 15
dietary variables followed by varimax rotation. The 15 dietary variables consist
of 13 survey variables—intake of carbohydrate; protein; total, trans-, saturated,
monounsaturated, and polyunsaturated fats; cholesterol; sugar; fiber; w-3
and w-6 fatty acids; and total kilocalories—and serum a- and B-carotene,
measured using an ultra pressure liquid chromatography-photo diode array
detector. The first 4 factors, denoted by F1, F2, F3, and F4, explain > 90% of
the total system variance. By likelihood ratio tests, we tested the two null hy-
potheses of GEI effects, namely additive genetic variance homogeneity across
a given ME (VH) and an across-ME genetic correlation equal to 1 (GC). Our
most interesting results are from analysis of the F2 and F4 MEs, where F2 had
significant loadings by protein (0.71), saturated (0.56) and monounsaturated
fat (-0.36) intake, and F4 had significant loadings for carbohydrate (0.71), cho-
lesterol (-0.42) and total fat (-0.38) intake. A loading is significant if its absolute
value is 2 0.3. For the F2 ME, we found significant GEI effects for C-peptide
(p=0.04 and p<0.01 respectively from the VH and GC tests), and for fasting
serum insulin (FSI) (p=0.01), homeostasis model assessment 2 of insulin
resistance (p=0.01), HDL cholesterol (p=0.01), % fat mass (%FM) (p<0.001),
and waist circumference (p=0.02) from the GC test. For the F4 ME, we found
significant GEI effects for C-reactive protein (p=0.03) from the VH test, and for
FSI (p<0.001), %FM (p=0.01), and a MetSyn variable (p=0.01) from the GC
test. Our results show that dietary variables play critical roles in influencing
the genetic determinants of obesity, T2D, and the MetSyn, and are novel in
that they show an improved efficacy in detecting GEI effects by multivariate
modeling of the environment.

331W
Type 2 diabetes and risk of stroke subtypes: A Mendelian randomization
analysis based on individual participant data of 105,000 Chinese adults
from the China Kadoorie Biobank. W. Gan’s, M. Holmes?, R. Walterss, |.
Millwoods, F. Braggs, Y. Guot, J. Vaucher, Z. Bian‘, A. Mahaja'?, R. Clarkes,
L. Lee*s, M. McCarthy'2s, Z. Chens. 1) Wellcome Trust Centre for Human
Genetics, University of Oxford, Oxford, United Kingdom; 2) Oxford Centre for
Diabetes, Endocrinology, and Metabolism (OCDEM), University of Oxford,
Oxford, United Kingdom; 3) Clinical Trial Service Unit and Epidemiological
Studies Unit (CTSU),Nuffield Department of Population Health, University of
Oxford, Oxford, United Kingdom; 4) Chinese Academy of Medical Sciences,
Dong Cheng District, Beijing, China; 5) School of Public Health, Peking Uni-
versity Health Sciences Center, Beijing, China; 6) National Institute of Health
Research, Oxford Biomedical Research Centre, Oxford, United Kingdom.
Background: Observational studies report that type 2 diabetes (T2D) is
associated with increased risk of both ischaemic and haemorrhagic stroke, but
the underlying causal relationships are unclear. Given the increasing preva-
lence of T2D, clarifying the nature of these relationships could have important
repercussions for stroke incidence and highlight potential opportunities for
prevention. Method: We developed genetic risk scores (GRSs) based on 49
established T2D risk variants, weighting individual genetic variants using the
most recent effect size estimates (Gan et al). We used data on 105,696 partici-
pants from the population-based China Kadoorie Biobank (CKB) prospective
study, 93,119 randomly-selected subjects supplemented with 12,580 from a
nested stroke case-control study (n= 8,284 combined prevalent/incident T2D
cases and 12,122 stroke cases). We conducted Mendelian randomization
(MR) analyses of individual participant data, using the GRS as an instrumen-
tal variable to investigate the causal role of T2D for overall stroke and stroke
subtypes. Both observational and MR analyses were adjusted for age, sex,
geographic region, BMI, smoking, alcohol intake, educational level and house-
hold income. Results: In observational analyses of the CKB study (512,891
participants), individuals with T2D had higher risks of total stroke (OR [95%
Cl] =1.78 [1.72 - 1.84]), ischaemic stroke 1.88 (1.81 - 1.95) and haemorrhagic
stroke 1.21 (1.10 - 1.32). In MR analysis, genetically-instrumented T2D was
causally associated with an increased risk of stroke (OR = 1.81 [1.25 - 2.46], P
= 3.31 x 10-%), mainly with ischaemic stroke (n=6,859 cases; OR = 2.20 [1.50-
3.04], P =3.56 x 10+) but not haemorrhagic stroke (n=4,733 cases; OR = 1.00
[0.24 - 2.0], P = 0.40). For both stroke subtypes, the observational and causal
estimates were similar (Preerogeney > 0.46). No differences in risks of total or isch-
aemic stroke were identified when restricting the GRS to T2D genetic variants
related primarily to either beta cell function or insulin sensitivity (Phetrogeneiy >
0.33). Conclusions: This MR study supports the causal relationship between
T2D and risk of ischaemic stroke and highlights the potential importance of
targeting diabetes for prevention of stroke.

Copyright © 2016 The American Society of Human Genetics. All rights reserved
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Genome-wide interaction with the insulin secretion locus MTNR1B
reveals CMIP, a novel type 2 diabetes susceptibility gene in African
Americans. J.M. Keaton'2s, C. Gao'?3, J.N. Hellwege?s, N.D. Palmerz3+s, J.S.
Pankows, M. Fornage’, J.G. Wilsoné, A. Correas, L.J. Rasmussen-Torvike,

J.I. Rotter", Y.D.l. Chen, K.D. Taylor®, S.S. Rich", L.E. Wagenknecht:',

B.I. Freedman?®ss, M.C.Y. Ng?%, D.W. Bowden>+. 1) Molecular Genetics and
Genomics Program, Wake Forest School of Medicine, Winston-Salem, NC;

2) Center for Genomics and Personalized Medicine Research, Wake Forest
School of Medicine, Winston-Salem, NC; 3) Center for Diabetes Research,
Wake Forest School of Medicine, Winston-Salem, NC; 4) Department of
Biochemistry, Wake Forest School of Medicine, Winston-Salem, NC; 5) Center
for Public Health Genomics, Wake Forest School of Medicine, Winston-Salem,
NC; 6) Division of Epidemiology and Community Health, University of Minne-
sota, Minneapolis, MN; 7) Institute of Molecular Medicine and Human Genetics
Center, University of Texas Health Science Center at Houston, Houston, TX;
8) University of Mississippi Medical Center, Jackson, MS; 9) Department of
Preventive Medicine, Northwestern University Feinberg School of Medicine,
Chicago, IL; 10) Institute for Translational Genomics and Population Sciences,
Los Angeles BioMedical Research Institute, Harbor-UCLA Medical Center, Tor-
rance, CA; 11) Center for Public Health Genomics, University of Virginia, Char-
lottesville, VA; 12) Division of Public Health Sciences, Wake Forest School of
Medicine, Winston-Salem, NC; 13) Department of Internal Medicine - Section
on Nephrology, Wake Forest School of Medicine, Winston-Salem, NC.

Type 2 diabetes (T2D) is the result of metabolic defects in insulin secretion
and insulin sensitivity, yet most of the T2D loci identified to date are related to
insulin secretion. We hypothesize that T2D loci, particularly those impacting
insulin sensitivity, can be identified through interaction with insulin secretion
loci. To test this hypothesis, an intronic SNP, rs10830963, in MTNR1B asso-
ciated with acute insulin response to glucose (AIRy; P=1.2x10-), a dynamic
measure of first-phase insulin secretion, was identified in African Americans
(AfA) from the Insulin Resistance Atherosclerosis Family Study (IRASFS).
rs10830963 was tested for interaction and joint (main + interaction) effects in
AfA from five cohorts (ARIC, CARDIA, JHS, MESA, WFSM) comprising 2,452
cases and 3,772 controls. Genome-wide genotype data was derived from the
Affymetrix HumanGenome 6.0 array imputed to a 1000 Genomes reference
panel. Logistic regression with T2D as the outcome was modeled including
rs10830963 dosage, age, sex, and principal component covariates. Joint
effects were captured using the Kraft 2 degree of freedom test. Genome-wide
significant (P<5x10+) interaction and joint effects were detected for the intronic
SNP rs17197883 in CMIP (Preracion=1.43x107%; Piin=4.70x10-). CMIP variants
have previously been nominally associated with T2D, fasting glucose, and
adiponectin in individuals of East Asian (EAS) ancestry, and with waist-to-hip
ratio adjusted for body mass index (BMI) in Europeans (EUR). In follow up
cross-ethnic analysis, 54 SNPs in linkage disequilibrium (rz>0.3) with 7 CMIP
SNPs from the AfA interaction analysis (P.n<10-%) were tested for associa-
tion with AIRg and BMI-adjusted insulin sensitivity (SI) in IRASFS Hispanic
subjects (n=1,016). One SNP (rs880795) was nominally associated with
SI (P=0.02), while none were associated with AIR,. These data support the
hypothesis that additional genetic factors contributing to T2D risk, including in-
sulin sensitivity loci, can be identified by interactions with insulin secretion loci.

333F

Deep whole genome sequencing empowers and refines traditional eQTL
studies. A. Liu', H.M. Kang', M. Kretzler', V. Nair, R. Nelson>. 1) Biostatis-
tics, University of Michigan, 1415 Washington Heights, ANN ARBOR, MI; 2)
NIDDK, Phoenix Indian Medical Center, 4212 North 16th Street, Phoenix, AZ
85016.

Traditional expression quantitative trait loci (eQTL) studies based on
microarrays have successfully identified tremendous numbers of cis-acting
associations between genetic variants and expression levels. However,
because microarrays estimate gene expression levels from a limited number
of exon-overlapping probes, it is well known that reference bias in probe
sequences containing genetic variants create false positive cis-eQTLs. How-
ever, it is impossible to distinguish such false positive cis-eQTLs completely
without knowing all genetic variants polymorphic in the samples. This has
been a challenge in our eQTL studies of Pima diabetic nephropathy cohorts
with renal expression data from glomerular and tubular tissues collected at
two time-points over 8 years. Because Pima Native Americans are genetically
distant from populations with European and African ancestry, there are many
population-specific variants that would not have been discovered without
deep genome sequencing. Recently we deeply sequenced 97 subjects to
perform a comprehensive cis-eQTL association analysis across nearly all
genetic variants. Here we demonstrate that the availability of deep genome
sequence data empowers and refines existing eQTL studies, allowing for
correction of reference-bias in variant-overlapping probes. With over 10 million
variants genotyped from 97 deeply sequenced genomes, we comprehensively
identified a subset of probes overlapping with variants that are polymorphic
in the Pima study cohort, and re-normalized the expression data excluding
26,743 probes across 12,970 genes and performed eQTL studies. Surpris-
ingly, we observed that even recent Affymetrix Expression (HuGene 2.1 ST)
array platforms have substantial overlap (12.4%) between probe sequences
and variants polymorphic in the Pima cohort which is more than the overlap
(6.1%I7.7%) of earlier-generation arrays (HG-U133A/HG-U133 Plus 2.0).
When performing eQTL studies excluding these probes, we were able to
eliminate 63 potentially spurious cis-eQTL genes affected by variants-in-probe
effect, confirmed by heavily imbalanced direction of effect sizes consistent
to reference bias. Moreover, we were able to identify additional 67 cis-eQTL
genes that are largely tissue-specific. As the cost of deep sequencing rapidly
decreases, re-visiting microarray-based eQTL studies with deeply sequenced
genomes will refine our understanding of the shared and tissue-specific archi-
tecture of eQTLs in more population-specific manner.

Copyright © 2016 The American Society of Human Genetics. All rights reserved
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A T2D case-control study in Africans of Zulu origin. M. Sun’, J. Chen?, A.
Morris', F. Piries, A. Motala®, M. Sandhus, M. McCarthy', I. Barroso?, A. Maha-
Jjan', E. Wheeler:. 1) Wellcome Trust Centre for Human Genetics, University of
Oxford, Oxford, United Kingdom; 2) Wellcome Trust Sanger Institute, Hinxton,
Cambridge, UK; 3) University of KwaZulu-Natal, Nelson R Mandela School of
Medicine, 419 Umbilo Road, Congella, Durban 4001, South Africa.
Genome-wide association studies (GWAS) and follow up meta-analyses
have identified nearly 100 susceptibility loci that show robust evidence of
association with type 2 diabetes mellitus (T2D). However, these studies are
predominantly in samples of European or Asian ancestries. African ancestry
populations are still under-studied and need more representation (i) to find
variants specifically associated with African populations; and (ii) to facilitate
fine mapping of the causal variant(s). To support these aims, we conducted
a GWAS of 1602 T2D cases and 976 controls (Durban diabetes case control
study) in African subjects of Zulu origin collected in Durban, South Africa.
Samples were genotyped using a customized lllumina Multi-Ethnic Genotyping
Array which leverages content discovered in several sequencing consortia
and databases e.g. the 1000 Genomes Project, CAAPA Consortium, PAGE,
and includes European, Asian, Hispanic, African and multiethnic exome
content. Samples were imputed up to the 1000 Genomes phase 3 reference
panel (October 2014 release). We tested variants for association with T2D
using a linear mixed model to account for cryptic relatedness and population
structure. We found two loci reaching conventional genome-wide significance
(p < 5x10+) and a further four loci with p<5x10-7. One genome-wide significant
locus mapped to a region outside an established T2D loci [rs79276081 inter-
genic variant, p=2.5x10+, minor allele frequency (MAF) =1.4% in our data].
The other mapped to the INS-IGF2 region for which previous association has
been seen in African-Americans: the lead variant in our analysis, rs6578990
(p=2.5x10%, MAF=39%) was located 8.4kb from the previously-reported T2D
GWAS index SNP rs3842770 (p= 0.01, MAF=29% in our data). In African
individuals, the two variants are in weak LD (r2<0.2), indicating either multiple
signals or refined localization of the causal variant by our study. Both variants
in are rarer (MAF<2.0%) in non-African populations. In addition, seven lead
GWAS variants from established T2D susceptibility loci were associated with
T2D (p<0.05) and show directionally consistent effects, the strongest signal
being observed at TCF7L2 (p=1.0x10-). Despite the modest sample size of
this study, our results highlight the importance of performing GWAS in African
ancestry populations which have not been widely studied to date. However,
further expansion of sample sets is needed to support replication and me-
ta-analyses.

335T
Estimation of the prevalence of classic galactosemia based on the gene
frequency in next-generation sequencing data. D. Wang’, J. Johnstonz, A.
Cashion', L. Biesecker:. 1) NINR/NIH, Bethesda, MD; 2) NHGRI/NIH, Bethes-
da, MD.

Purpose_ Classic galactosemia is a rare autosomal recessive disorder
caused by deficiency of galactose-1-phosphate uridyltransferase (GALT), due
to mutations in the GALT gene. To date, more than 300 mutations in GALT
have been associated with GALT deficiency. In US, the incidence of classic
galactosemia determined by newborn screening is about 1/50,000, though
the exact prevalence is unknown. We analyzed the GALT variants in three
cohorts of exome sequence data to estimate the prevalence of the disorder.
Methods We evaluated the GALT variants from the ClinSeq cohort (n=1001)
and the NHLBI GO Exome Sequencing Project (ESP) cohort (n=6,503) or
the Exome Aggregation Consortium (ExAC) cohort (n= 60,706). Pathogenicity
of each variant was determined based on the latest ACMG Variant-Interpre-
tation Guidelines (2015). The disease prevalence was estimated based on
the frequency of the pathogenic/likely pathogenic variants using Hardy-Wein-
berg equilibrium. A second method was based on the allele frequency of the
p-Q188R variant which accounts for 62.8% of all disease-causing alleles in
European Americans (EA) patients. Results We identified 16 pathogenic/like-
ly pathogenic variants in the ClinSeq and the GO ESP cohorts. The disease
prevalence was estimated to be 1/ 53,120 (95% CI 1/29,901-1/99,012) in
EA and 1/59,896 (95% CI 1/24,044 — 1/170,330) in African Americans (AA).
Based on the allele frequency of the p.Q188R variant in the two cohorts, the
prevalence in EA was estimated to be 1/60,790 (95% CI 1/33,556 -1/115,929).
A total of 47 pathogenic/likely pathogenic variants were identified in the ExAC
cohort and the majority of the variants were population-specific. The estimat-
ed disease prevalence varies greatly in different populations with the highest
in AA (1/33,057, 95% CI 1/19,837-1/56,689) and the lowest in East Asian
Americans (1/2,993,259, 95% CI 1/550,326-1/28,293,345). Based on the allele
frequency of the p.Q188R variant in the cohort, the prevalence in EA was
estimated to be 1/92,018 (95% CI 1/70,695 — 1/120,898). Our results suggest
that analysis of gene frequency using next generation sequencing data is
a powerful and unbiased approach to estimate prevalence of autosomal
recessive diseases based on precise categorization of variants. The data also
provide an explanation for the widely varied incidences of classic galactosemia
in different countries, suggesting that different mutations are mainly responsi-
ble for GALT deficiency in different populations.

Copyright © 2016 The American Society of Human Genetics. All rights reserved
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Detecting differences in longitudinal gene expression profiles in Ce-
sarean section in the first year of life. M. Laimighofer'?, R. Puff,, R. Fiirst,
F. Theis'?, A. Ziegler, J. Krumsiek's. 1) Institute of Computational Biology,
Helmholtz Zentrum Miinchen, Munich, Bavaria, Germany; 2) Department of
Mathematics, TU Munchen, Garching, Germany; 3) German Center for Diabe-
tes Research (DZD), Munchen-Neuherberg, Germany; 4) Institute of Diabetes
Research, Helmholtz Zentrum Munchen and Forschergruppe Diabetes, Kilini-
kum rechts der Isar, Technische Universitat, Munchen, Germany.
Background: Cesarean section (CS) is a surgical procedure that was orig-
inally introduced to diminish maternal and fetal birth complications. However,
changes in the social, demographic, and economic characteristics of pregnant
women as well as alterations in the health care systems have led to a contin-
uous increase of CS over the last two decades. As previously reviewed, the
mode of delivery affects the developing immune system by influencing the
perinatal programming, thereby causing short- and long-term effects on the
offsprings’ health. In line with these immunological alterations, CS is associat-
ed with a higher risk for autoimmune disorders such as type 1 diabetes (T1D).
We are interested in the difference between gene expression profiles during
the first year of life after CS or vaginal delivery. Data: Peripheral blood mono-
nuclear cell (PBMC) gene expression profiles were measured using microar-
rays in 108 children, 62 of them born by vaginal delivery and 46 by CS. These
measurements were repeated in time and resulted in overall 450 genome-wide
transcriptome samples. Restricting to the first year of life, 154 samples were
used for this analysis. Methods: In order to investigate time-resolved gene
expression differences after CS, the following generalized mixed model was
fitted per gene: A time correction was performed by adding a spline effect for
sample age, a random effect was introduced to account for repeated measure-
ments per child, and a group term for CS versus vaginal delivery was added to
capture the effect of interest. Including functional knowledge about genes, we
performed a gene set enrichment analysis to identify CS-affected pathways.
Results: At global transcriptome level and univariate gene level, we could not
identify significant effects of CS. However, at pathway level, we obtained a se-
ries of significant associations. Pathway enrichment was performed on KEGG
pathways and GO slim biological processes. We found significant associations
with CS for the pentose phosphate pathway, pyrimidine metabolism and the
generation of precursor metabolites. Conclusion: Our study shows that there
is a systematic impact of CS on the early PBMC transcriptome. Future work
should attempt to delineate how these molecular changes translate to an
increased risk of autoimmune diseases such as T1D.

337W

Detection and correction of pleiotropic bias in multivariable Mendelian
randomization. C. Chen'23, M. Verbanck*, R. Do‘, B. Neale'2:. 1) Analytic and
Translational Genetics Unit, Massachusetts General Hospital, Boston, MA; 2)
Psychiatric and Neurodevelopmental Genetics Unit, Massachusetts General
Hospital, Boston, MA; 3) Stanley Center for Psychiatric Research, Broad Insti-
tute of MIT and Harvard, Cambridge, MA; 4) Icahn School of Medicine, Mount
Sinai Hospital, New York, NY.

Inferring the causal relationships between a disease outcome and associat-
ed traits is essential to understanding disease etiology and the development of
treatments. Mendelian randomization (MR) is a widely used method that uses
genetic variants as instruments to obtain estimates of causal effects. With the
increasing number of disease-associated loci identified by genome-wide asso-
ciation and sequencing studies, methods have been developed to aggregate
causal effect estimates from multiple MR analyses, such as Multivariable MR
(Do et al. 2013 Nat. Genet.) and MR-Egger regression (Bowden et al. 2015
Int. J. Epidemiol.). A key assumption of MR analysis is exclusion restriction,
which states that the genetic instrument solely acts on the disease outcome
through the risk factor. However, pleiotropy is a pervasive phenomenon in
human genetics. Consequently, Multivariable MR approaches are increasingly
subject to violations of the exclusion restriction assumption. We propose a
diagnostic test for detecting unaccounted pleiotropic effects across the set of
genetic variants that are included in a Multivariable MR analysis. Specifically,
we test for excess variance in the residuals of the Multivariable MR regression
analysis. To evaluate the sensitivity of this approach, we performed a series
of simulations with and without pleiotropic effects of the genetic variants. Our
simulations showed that inverse-variance weighted meta-analysis, which
assumes all genetic variants have no pleiotropic effect, gives biased results.
Both MR-Egger regression and Multivariable MR showed similar ability to con-
trol for pleiotropic bias. These simulations also demonstrated that our method
can identify the presence of SNPs with pleiotropic effects. The key parameters
that drive the power to detect such pleiotropy are number of instruments,
variance explained of the intermediate risk factor and the degree of pleiotropy.
Following the detection of pleiotropic variants, outlier identification and robust
regression were performed to correct for pleiotropic bias. We applied our
method to a multivariable MR analysis of the causal effects of plasma lipids on
coronary artery disease and type 2 diabetes, and found no significant pleio-
tropic bias. Our method improves on existing approaches to multivariable MR
analysis by reducing the chance of incurring pleiotropic bias.
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Genome-wide association study of quantitative liver fat from the UK Bio-
bank identifies loci that may contribute to fatty liver disease. M.R. Miller,
T. Tuthill', K.A. Loomis’, O. Dahlqvist Leinhard??, C.L. Hyde'. 1) Human Genet-
ics and Computational Biomedicine, Pfizer, Inc, Cambridge, MA; 2) Linkdping
University, Sweden; 3) Advanced MR Analytics AB, Linképing, Sweden.
Introduction: The UK Biobank is a large population based resource with
clinical information, medical records and genotype information on 500,000
subjects. Whole body magnetic resonance (MR) images have been collect-
ed on ~9000 subjects, and measurements of adiposity, liver fat and muscle
volume have been quantified. The imaging data, in conjunction with clinical
data and medical records can help to better define obesity-related phenotypes,
such as non-alcoholic fatty liver disease (NAFLD) and to identify genetic loci
that may contribute to these phenotypes. NAFLD is associated with liver fat
accumulation, and can lead to inflammation and fibrosis (non-alcoholic ste-
atohepatitis; NASH). Both NAFLD and NASH have a high burden of disease
and no approved treatments. Because of the difficulty in obtaining liver fat
biopsies or quantitative measures of liver fat, very few GWAS of liver fat or
NAFLD have been performed. Identification of new loci for liver fat based on
MR imaging may point to mechanisms of disease. Methods: A genome-wide
association study of quantitative liver fat was performed via linear regression
on 1467 European subjects from the UK Biobank with MRI and genotyping
data available. The model was adjusted for age, sex, BMI, type 2 diabetes
status, and daily alcohol consumption. Results: We confirmed GWAS
associations of liver with PNPLA3 (rs738409; p = 6.31 x 10-*) and TM6SF2
(rs58542926; p = 3.71 x 10-), both established liver fat/NAFLD genes. While
no additional genome-wide signals were identified, one suggestive signals was
also identified on chr10 in the region of EMX2 and EMX20S (rs74743905, p =
6.213 x 10"). Conclusions: A genome-wide association study on a relatively
small sample of subjects was able to confirm two previously identified GWAS
loci for liver fat, demonstrating that MR imaging of liver fat can be used to
identify genetic loci that may contribute to metabolic diseases. As the size
of the imaging cohort in the UK biobank increases, the UK Biobank will be a
valuable resource to identify additional genetic targets for liver fat. In addition,
the UK Biobank will continue to be a valuable resource for scientific discovery
and precision medicine by enabling integration of individual level genetic and
multi-dimensional phenotypic data.

339F

Association study of rare variants on serum urate level by using whole
genome cohort study samples. K. Misawa’, T. Hasegawa'?, K. Kojima',

Y. Kawai', A. Hozawa', T. Takai', N. Fuse’, N. Minegishi’, J. Yasuda’, S.
Ogishima’, S. Kure', K. Kinoshita', M. Yamamoto', M. Nagasaki'. 1) Tohoku
Medical Megabank Organization, Tohoku University, Sendai, Miyagi, Japan; 2)
Health Intelligence Center, Institute of Medical Science, University of Tokyo,
Minato-ku, Tokyo, Japan.

Gout is one of the most common inflammatory arthritides, and is caused by
hyperuricemia. A twin study showed that the heritability of serum uric acid lev-
els (SUL) and gout are approximately 50 %. However, only 6 % of genetic fac-
tors for SUL and gout can be explained by known genetic variation. Unknown
low-frequency and rare variants msut contribute to the missing heritability. The
Tohoku Medical Megabank Organization (ToMMo) has sequenced 1,070 whole
genomes of Community Resident Cohort participants. To identify low-frequen-
cy and rare variants that affect SUL, we utilized this data. A linear regression
model as well as a sequence kernel association test (SKAT) was used to an-
alyze the associations between serum uric acid levels and SNP genotypes by
incorporating age, sex, and body mass index (BMI). We identified novel rare
variants with genome-wide significance associated with SUL. Fifteen percent
of genetic variation in SUL was explained by these novel and known variants.

Copyright © 2016 The American Society of Human Genetics. All rights reserved



Statistical Genetics and Genetic Epidemiology

340W

Integration of whole genome sequence and epigenomic data highlights
regulatory activity in the genomic architecture of glycemic traits. A.
Manning', S. Lent?, M. Jones®, CHARGE, GoT2D/T2D-GENES. 1) Center for
Human Genetics Research, Massachusetts General Hospital, Boston, MA;
2) School of Public Health, Boston University, Boston, MA; 3) Cedars-Sinai
Medical Center, Los Angeles, CA.

Studies of common genetic variants have identified many loci associated
with type 2 diabetes (T2D) and glycemic traits that fall outside of protein-cod-
ing regions, implicating gene regulation as the causal mechanism. We
hypothesize that by integrating diabetes physiology in appropriately designed
association tests for whole genome sequence (WGS) data, we will reveal
novel underlying molecular mechanisms pointing to new therapies for T2D
and insulin resistance. We analyzed WGS data (6-fold average depth) from
2,854 European, non-diabetic individuals from 3 CHARGE cohorts (FHS, CHS
and ARIC). With the hypothesis generating nature of the approach in mind,
we limited analysis to 69 loci previously associated with glycemic trait levels.
We performed targeted replication of CHARGE findings in WGS data with
1,400 non-diabetic individuals from GoT2D. Our genetic association models
accounted for family structure and used inverse-normalized covariate-ad-
justed fasting glucose (FG) and log-transformed fasting insulin (FI) levels,
with additional refinement to account for possible interaction by obesity. We
aimed to (1) fine-map common variant associations, (2) discover independent
common (minor allele frequency [MAF]>5%), low-frequency (0.5%<MAF<5%)
and rare (MAF<0.5%) genetic associations in these regions, and (3) using
publicly available data from the Roadmap Epigenomics Project, perform rare
variant associations using SKAT of active regulatory elements in pancreas,
liver, adipose and skeletal muscle tissue. We found 267 loci with nominal
(P<0.0001) single variant associations with FG and/or Fl levels, within which
34 independent variant associations were observed (14 common, 6 low-fre-
quency and 14 rare). Only 2 of the common variants replicated with P<0.01 in
GoT2D. In rare variant tests of active transcription marks (H3K27ac, H3K4me1
and H3K4me3), 25 loci showed nominal (P<0.001) associations with either the
same trait as previously reported for the locus or both FG and FI. Replication
in GoT2D showed rare variant associations of non-coding variants (SKAT
P<0.01) at the SLC10A6, ADCY5 and PCSK1 loci (with epigenomic peaks
observed in multiple tissues). Although sample sizes are small in the current
analysis, we have increased our understanding of the genomic architecture of
glycemic traits and demonstrated the validity of performing rare variant tests
for FG and Fl in the non-coding genome using epigenomics data in tissues
implicated in T2D and insulin resistance.

3417

Analysis of population specific pharmacogenomic variants using next
generation sequencing data. T. Park’, E. Ahnz, Y. Kim?3, B-J. Kim?, T2D
Genes Consortium. 1) Department of Statistics, Seoul National University,
Seoul, South Korea; 2) Interdisciplinary Program of Bioinformatics, Seoul Na-
tional University, Seoul, South Korea; 3) Division of Structural and Functional
Genomics, Center for Genome Science, Korean National Institute of Health,
Osong, Chungchungbuk-do, South Korea.

The analysis of population differentiation (PD) in pharmacogenomic variants
provides an insight on the ethnic sensitivity of drug responses. The analysis
of PD for common variants has been successfully performed by using Fst or
chi-square test. However, the analysis of PD for rare/less-common variants
has rarely been performed. In this study, we aim to perform PD analysis of
rare variants to identify the drug-related genes (pharmacogenes). We first
show that Fst and chi-square test used for common variants are not suitable
for rare variants. We then suggest a new gene-based PD method for handling
rare variants inspired by the Generalized Cochran-Mantel-Haenszel statis-
tics. Through simulation studies, we reveal that the proposed PD method
adequately summarizes the rare and common variants for PD over a gene.
We also apply the proposed method to the real whole exome sequencing
dataset which consists of 10K data from Type 2 Diabetes Genetic Exploration
by Next-generation sequencing in multi-Ethnic Samples (T2D-GENES) and
3K data from Genetics of Type 2 diabetes (Go-T2D) samples. Among the
48 genes that are annotated with very important pharmacogene summary
in PharmGKB database, our PD method identified 7 novel candidate genes
including CYP2B6, ACE, and SCN5A. These three genes were previously re-
ported as being highly differentiated in expression levels, but PD of them has
not been identified via Fst, which supports the validity of our proposed method
through literature review.
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Genome-wide association analysis identifies multiple loci associated
with kidney function-related traits in Korean populations. N. Heo’, Y. Lee’,
J.E. Lee?, E.S. Shin?, M.S. Jang’. 1) Healthcare System Gangnam Center,
Seoul National University Hospital , Seoul, South Korea; 2) DNA Link, Inc.,
Seoul, South Korea.

Background/Aims: Chronic kidney disease is a significant public health
problem, and the assessment of genetic factors influencing kidney function
has substantial clinical relevance. Here, we report an analysis of genome-wide
association studies for kidney function—related traits in Korean. Methods: We
performed a genome-wide association study for kidney function—related traits
in large Korean population based samples of 7,999 subjects. We investigated
SNPs that are associated with kidney function—related traits, including the
concentrations of blood urea nitrogen and estimated glomerular filtration rate
based on serum creatinine level. Results: We identified 5 previously known
loci and 6 new loci associated with kidney function—related traits at the ge-
nome-wide significance level (P<107). After adjusting for age, sex, hyperten-
sion and diabetes, four loci, Rs12702509 (UNCX), rs12776722 (METTL10),
rs10175462 (PAX8), and rs 9687753 (ANKHD1) were newly identified as loci
associated with blood urea nitrogen. And our analysis identified three loci,
Rs2390793 (LRP2), rs12702509 (UNCX), and rs144503008 (SSBP3) which
were newly associated with glomerular filtration rate after adjusting for age,
sex, hypertension and diabetes. Rs12702509 is associated with both blood
urea nitrogen and estimated glomerular filtration rate. Conclusions: We
identified associations among these loci with kidney function—related traits.
These findings provide new insights into the susceptibility to CKD and genetics
of kidney function. In future studies, we will further examine the association of
these loci with CKD trait in the other cohort for validation.

343W

Increased power for sequence-based case-control genome-wide associ-
ation studies by including external controls. D. Ray, P. Yajnik, M. Boehnke.
Department of Biostatistics, Center for Statistical Genetics, University of
Michigan, Ann Arbor, MI.

Genome-wide association studies (GWAS) routinely employ the case-control
study design for binary traits like disease status. For diseases with low/moder-
ate prevalence, perfectly ascertained controls may be replaced or supplement-
ed with publicly available datasets that have dense genotype measurements
but no (or poor) information about disease status. Inclusion of external controls
increases sample size but may misclassify some affected individuals as con-
trols. Edwards et al (2005) determined power for association analytically when
such misclassification is present. As publicly available datasets become larger,
inclusion of external controls matched for ancestry and genotyping quality
may substantially increase power without affecting type | error (Ho et al,
2010). Keeping the financial cost fixed at the cost of a case-control study with
perfectly ascertained n cases and n controls (reference design), we consider
two study designs that make use of N external controls in addition to either (i)
n cases and n controls (design A) or (ii) 2n cases and 0 controls (design B).
We make the simplifying assumptions that the external controls were sampled
randomly from the same population as the study individuals (so that they have
the same genetic ancestry, and the proportion of external controls who are
truly affected equals the disease prevalence) and that there are no systematic
differences in batch genotype effects. We evaluated the performance of these
study designs compared to the reference design. For our simulations, we fixed
n=2500, the odds-ratio to 1.15, the minor allele frequency to 0.2, and varied N
to be 2500, 3500, 5000 or 7000 and prevalence to be 0.1, 0.2, 0.3 or 0.4. Our
initial results focus on power; eventually we plan to focus on effective sample
size. In general, for a fixed N, powers of the studies decrease with increasing
disease prevalence (equivalently, increasing mislabeling). For prevalence 0.2
or less, design A is more powerful than the reference design regardless of the
value of N, and greater power gain is possible by sequencing more cases.
Greatest power gain is achieved using design B if N is at least as large as the
number of study individuals. In summary, we show that one can substantially
increase power for association by including external controls when disease
prevalence is not too large. The choice of the external control size is governed
by disease prevalence and the number of available internal and external study
individuals.
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iFunMed: Integrative functional mediation analysis of GWAS and eQTL.
C. Rojo', Q. Zhang®, S. Keles'2. 1) Department of Statistics, University of
Wisconsin-Madison, Madison, WI; 2) Department of Biostatistics and Medical
Informatics, University of Wisconsin-Madison, Madison, WI; 3) Department of
Statistics, University of Nebraska-Lincoln, Lincoln, NE.

Genome wide association studies (GWAS) are widely used to elucidate
genetic variation associated with disease and traits. When combined with
genome-wide expression quantitative loci analysis (eQTL), these studies have
the potential to identify genetic variants that modulate disease or trait pheno-
types through their impact on expression of specific genes. Two challenging
aspects of these studies are: high dimensionality of the variant space and
that most candidate genetic variants are in non-coding regions making their
interpretation challenging, if not impossible. We develop a novel mediation
analysis framework, named iFunMed, to integrate genome-wide association
studies and the expression quantitative loci (eQTL) studies with the effective
utilization of publicly available functional annotation data. iFunMed extends
the scope of standard mediation analysis framework by incorporating informa-
tion from multiple genetic variants at a time by utilizing variant-level summary
statistics. Furthermore, this integrative framework incorporates the regulatory
information encoded in functional annotation data to elucidate how top-rank-
ing association SNPs might be modulating gene expression. A key aspect of
iFunMed is its ability to select annotations that are most relevant to the data
and cluster them appropriately into a reduced number of groups with a more
homogenous biological context . iFunMed has the power to identify mediation
potential of genes, estimate direct and indirect effect of each SNP for the
trait, and identify relevant functional annotations impacting direct and indirect
effects of the SNPs. We applied our method to Framingham Heart Study data
of diabetes for 1,663 subjects focusing on regions with 153 known GWAS hits
and within 1MB from each transcript resulting in a total of 525,168 SNPs and
17,873 transcripts from whole genome sequencing. We used 642 epigenomic
annotations from the ROADMAP Epigenomics Project and 10 annotations
derived in a gene-centric way using GENCODE data. This large scale analysis
identified many genes with significant mediator effects. Among these is PPT1
which is highly expressed in mouse pancreatic islets.

345F
Empirical heritability estimates for body mass index in American Indian
sibships. R.L. Hanson, W.C. Hsueh, S. Kobes, W.C. Knowler, L.J. Baier.
DECRS, NIDDK, Phoenix, AZ.

Genome-wide association studies (GWAS) have identified numerous
variants associated with body mass index (BMI), but these associations
only explain a small fraction of the currently estimated genetic heritability.
One potential explanation is that classical heritability estimates, which are
based on expected allele sharing in relatives, can be confounded by shared
environmental factors, whereas estimates which employ empirically observed
measures of the proportion of alleles shared identical by descent (IBD) within
sibships are robust to such confounding. We employed this empirical approach
to estimate heritability for BMI in 4462 American Indians, constituting 1508
sibships and 5855 sibling pairs, who had participated in a longitudinal study. A
GWAS was performed using a custom Axiom array and IBD allele sharing was
estimated for 506,627 autosomal SNPs using the program IBDLD. Actual IBD
allele sharing in sibling pairs was taken as the average of observed IBD allele
sharing across all SNPs. The maximum age-sex standardized BMI Z-score ob-
served in the longitudinal study was analyzed with adjustment for age at maxi-
mum score, sex, birth year and the 1+ 5 principal components from the GWAS.
Variance components methods were used to obtain the classic heritability
estimate (h?, based on expected IBD sharing), and to further partition familial
resemblance into a genetic component (a2 reflecting actual IBD sharing) and
a common sibling component (c?, presumably reflecting shared environment).
Mean IBD allele sharing among all sibling pairs was 0.50 with SD=0.04. BMI
was highly familial with h2=0.68 (P=2.0x10-%) by the classic estimate; when
this familial resemblance was partitioned by analyzing actual IBD sharing,
the genetic component was significant (a2=0.49, P=0.027) while the common
sibship effect was not (c2=0.09, P=0.24). When analysis was restricted to indi-
viduals who had been examined when they were not diabetic (n=4183), similar
results were obtained: h2=0.71 (P=1.2x10-%%), a2=0.56 (P=0.015), c>=0.07
(P=0.31). These analyses are consistent with the hypothesis that familial
resemblance of BMI largely reflects the effect of genetic factors; the fact that
established variants account for little of the heritability may be indicative of the
polygenic nature of obesity.
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Multiple lysosomal storage disease newborn screening in a Mexican
cohort of patients: Results and follow-up from the Pemex Health System
Newborn Screening Program. J. Navarrete’, D. Cervantes’, A. Limon?, G.
Wakida?, R. Delgado®, C. Cantu*, H. Cruz¢, M. Gaytan'. 1) Dept Gen, Hosp
Sur PEMEX, Mexico City, Distrito Federal, Mexico; 2) Dept Pediatrics, Hosp
Sur PEMEX, Mexico City, Distrito Federal, Mexico; 3) Dept Pediatrics, Hosp
Reg Villahermosa, Tabasco, Mexico; 4) Dept Gen, Genomi-K Laboratories,
Monterrey, Mex.

Lysosomal storage disorders (LSDs) are a diverse group of over 50 inherited
metabolic disorderes, that result in cellular disfunction and multiple organ dam-
age due to a progressive accumulation of metabolic precursors within the lyso-
somes, secondary to reduced or lack of a lysosomal enzyme. The prevalence
of these conditions had been shown to be more frequent than previously ex-
pected. With a collective estimated incidence of 1 in 7,000 to 9,000 live births,
pilot newborn screening studies revealed unexpected LSD higher frequencies.
Petroleos Mexicanos is a big governmental institution with approximately ten
thousand workers and their families. Since 2005 a larger screening test has
been done to all newborns in this institution through all the country. We test
for most aminoacidpathies including acidurias, hemoglobinopathies, G6PD
deficiency, adrenal hyperplasia, cystic fibrosis and biotinidase deficiency; since
August 2 012 we included one immunodeficiency and 6 lysosomal storage
diseases, Gaucher, Pompe, Fabry, Hurler, Niemann-Pick type A and B and
Krabbe diasease. We analyzed our results from August 2012 to May 2015, we
have found 5 newborns wtih Fabry disease, 5 patients with Pompe disease, 1
with Krabbe disease and 2 with Hurler disease. We describe our findings and
compared with other populations, and we make a close follow up of all new-
borns with pathological mutations. and study and analize their families. We
also look for biomarkers of the disease so we can start treatment depending of
the mutation and the course of the disease as soon as possible. We present
all our LSD patients, their mutations found and their families. We also present
the patients that have started ERT and their follow up status.
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Population-level variability in adipose tissue cell-type composition and
its link to obesity. C.A. Glastonbury', K.S. Small’, M. Civelek?, A.J. Lusis®.

1) Twins Research & Genetic Epidemiology, King's College London, United
Kingdom; 2) University of Virginia, United States; 3) UCLA School of Medicine,
United States.

Adipose tissue biology impacts multiple complex traits, particularly those
associated to obesity. Adipose tissue is a complex mixture of adipocytes,
immune and non-immune cells. Obesity affects the cellular composition and
inflammation of adipose tissue but due to the difficultly of flow-sorting adipose
tissue, adipose cellular makeup and its relationship to phentoypic traits has
been poorly explored. We sought to address this by computationally decon-
volving the cell-fractions of primary adipose tissue biopsies from 766 healthy
TwinsUK females using RNA-seq. First, we constructed a basis matrix from
7 purified adipose resident cells. Top basis matrix marker genes recapitulate
well-known cell-specific genes such as ADIPOQ-Adipocytes, VWF-endothelial
and CXCR4-Macrophages. We then estimated the proportion of these 7 cell
types in the 766 biopsies using support vector regression. The dominant cell
proportions were Adipocytes (u=0.46, 0=0.09), Fibroblasts (u=0.35, 0=0.07),
Mesenchymal stem cells (u=0.08, 0=0.01), Endothelial cells (u=0.04, 0=0.01),
M2 macrophages (u=0.03, 0=0.01) CD4+ T-cells (u=0.02, 6=0.006) and M1
macrophages (u =0.007, 0=0.009). We derived cell-type estimates in two
independent adipose expression datasets. METSIM samples from healthy
Finns (N=200) recapitulated the cell-proportion distributions of TwinsUK but
post-mortem GTEX samples (N=230) had poor deconvolution accuracy and
highly variable cell-type prediction, potentially reflecting tissue fibrosis and
prolonged ischemia. Macrophage infiltration into adipose tissue is known to
correlate with obesity. We confirm this finding, showing that BMI and DXA
derived visceral fat measurements correlate with M2 macrophages (r = 0.30,
P =2.2 x 10-) and the overall immune fraction (r=0.29, P = 2.2 x 10-).
Previous work has shown BMI has a large effect on the adipose transcriptome.
To assess mechanistically BMI's association to gene expression, we ran a
transcriptome-wide association study for BMI, with and without correcting for
macrophage proportion. Without adjustment, 85% of genes are associated
to BMI (FDR 5%), but 40% of expression associated with BMI is lost after
correcting for Macrophage proportion, and those genes are enriched for the
immune response (P=2.4 x 10“). Finally, we uncover 134 additional cis-eQTLs
after correcting for macrophage estimates (FDR5%), showing that power to
detect local genetic effects can be enhanced by accounting for cellular hetero-
geneity in tissues.
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Genetic and environmental overlap between uncontrolled eating and
obesity. U. Vainik'2, R. Méttus®2, C. Kandler, A. Dagher'. 1) Neurology &
Neurosurgery, Montreal Neurological Institute, Montreal, Quebec, Canada; 2)
Institute of Psychology, University of Tartu, Tartu, Estonia; 3) Department of
Psychology, University of Edinburgh, UK; 4) Department of Psychology and
Sports Sciences Bielefeld University, Bielefeld, Germany.

Uncontrolled Eating (UE) is a core component in many obesity-related
psychological traits. Longitudinal data has shown that increases or decreas-
es in weight are often mirrored by concurrent changes in UE, and targeting
UE with cognitive interventions might reduce BMI. Given this covariation, we
assessed the genetic and environmental overlap between UE and obesity
in the Bielefeld Longitudinal Study of Adult Twins (975 monozygotic and
493 dizygotic twins) using twin ACE models (A = additive genetic effects, C
= shared environment effects, E = unshared environment effects). UE was
assessed by a single question “I tend to eat too much of my favorite food.”;
this question has been previously shown to relate strongly to other measures
of UE. Heritability was high for obesity (A=0.83 [0.81, 0.85], C=0 [0.13, 0.13],
E=0.18 [0.19, 0.15]) and considerably lower for UE (A=0.25 [0.14, 0.4], C=
0.07 [0, 0.3], E=0.69 [0.61, 0.76]). Still, there was a large genetic correlation
between UE and BMI (r= 0.81 [0.71, 0.91]). Therefore, UE does seem to share
considerable genetic component with obesity. As a next step, other methods,
such as narrow sense heritability should be used to clarify the extent of over-
lap between UE and obesity.

349w
Multi-association analysis identifies T2D variants in the Korean popu-
lation-based cohort. J. Lee, M. Go, Y. Lee, B. Kim. Structural & Genomics,
Centers Disease Control, Osong, South Korea.

Type 2 diabetes mellitus (T2D) is a multi-factorial polygenic disease. To
date, T2D Genome-wide association studies (GWAS) and meta analysis loci
(~ 80) are insufficient to dissect the complex genetic structure underlying
etiological heterogeneity. Epistasis has long been suggested to be important
to understanding of the missing heritability problem. To identify epistatic effects
on T2D, we conducted a multi-association analysis as complementary to the
current single SNP-based GWAS. By using community-based cohort, we
selected several variables for examining multi traits-unit SNP association; gly-
cated hemoglobin (HbA1C), Fasting plasma glucose (GLUOQ), plasma glucose
2-hour after ingestion of 75g oral glucose (GLU120). We composed trait set
and examined multi traits-unit SNP association with age and sex as the co-
variates. Our study confirmed previously reported T2D loci (CDKAL1, C2CD4A
etc). These results could provide additional insight into the genetic regulation
of T2D but require further replicative efforts to confirm the findings.
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Genetic variation underlying self-reported weight-loss success in the
presence of a dietary intervention. J.F. Shelton, N.A Furlotte, R. Smith,

C. Wheldon, M.N. Johnson, C. Wilson, G. Benton, R. Gentleman. 23andMe,
Mountain View, CA.

Genetic variation underlying obesity and adiposity are well established, but
recent studies have also identified variants that confer different response to
diet and exercise. For example, variants in the FTO and MTIF3 genes are
associated with differential weight loss in response to caloric restrictions, but
variants in the ADRB [2 and 3], FABP2, PPARG, and APOA [2 and 5] genes
may be associated with differential weight loss in response to reductions in
macronutrients such as fat and carbohydrates. Using a web-based question-
naire, we asked 100,000 23andMe consented research participants to detail
their dieting (lifetime and past-year) experience. Participants answered ques-
tions on restriction of certain food and beverage groups, exercise frequency,
duration of diet, adherence to diet, and dietary outcomes based on self-report-
ed goals achieved and weight lost. Participants were selected without regard
to previously reported body mass index. Of those who responded (n=9,858),
85 percent reported that they had dieted, and 62 percent reported dieting in
the past year. Of those who had ever dieted, 12 percent reported never being
able to lose weight. Among those who had dieted in the past year, 66 percent
reported not being able to achieve their weight-loss goals. Using nine SNPs
(rs801282, rs1799883, rs1885988, rs662799, rs9939609, rs5082, rs4994,
rs1042713, and rs1137101) previously identified to have a role in differential
response to weight-loss interventions, we evaluated the relationship between
genotype and the percentage of body weight lost in the past year. For SNPs
associated with carbohydrate or fat metabolism, we built models with interac-
tion terms, controlling for other factors affecting the percent of weight lost from
baseline. Stricter adherence and longer duration of the diet were predictive
of greater weight loss. Preliminary findings show that among people with strict
adherence to their diet — and controlling for exercise, duration of the diet,
age, sex, and population stratification variables — the GG variant of rs662799
(APOADb) was associated with a five percent greater weight loss in the pres-
ence of a fat restriction among women but not men. An internal replication
study will be conducted prior to publication of findings. These results indicate
that while behavioral changes are the main drivers of weight loss, genetic
variation may explain some differences across individuals.
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Whole genome sequencing identifies functional founder effect variants
associated with CVD traits in the Norfolk Island isolate. L.R. Griffiths’,
M.B. Benton', H.G. Sutherland', D.E. Eccles’, L.M. Haupt', S. Stuart', J. Blan-
gero?, J. Curran?, R.A. Lea'. 1) Institute of Health and Biomedical Innovation,
Queensland University of Technology, Brisbane, Queensland, Australia; 2) The
University of Texas Rio Grande Valley, Harlingen, Tx.

Background: Genetic isolates have distinct advantages for mapping gene
variants that influence complex traits. Founder effects in particular can amplify
the frequency of ancestrally rare variants, which in turn, can contribute to an
increased prevalence of disease in the isolated population. The Norfolk Island
(NI) population is a genetic isolate located off the east coast of Australia.
Founded by 11 British mutineers of the HMS Bounty and 6 Polynesian women
in the late 1700s the NI population is comprised of a unique 6000-member
pedigree spanning 11 generations. We have previously shown that the existing
NI population exhibits higher rates of several cardiovascular disease risk traits
compared to mainland Australia. In this study we aimed to identify functional
founder effect variants associated with CVD traits in the Nl isolate. Meth-
ods: We performed whole genome sequencing (WGS) of 108 individuals
selected from the core founder pedigree using the lllumina HiSeq X10. We
first parsed the sequence data through an in-house pipeline using BOWTIE2,
SAMTOOLS, VCF, VEP. Secondly we prioritised variants based on being a)
probably damaging according to 5 in-silico functional tests b) founder effect
variants based on MAF >5% in NI and MAF <1% in the 1000G cohort c) asso-
ciated with CVD traits. Results: WGS analysis showed an average of >25X
coverage. In total we identified 13.4M variants of which 96% are SNVs and
~5.3M variants are unique to NI. Variant prioritisation identified 11 functional
founder effect variants. The top ranked variant was rs77408762 that codes
a TYR-to-ASN change in the Acyl-CoA Thioesterase 4 (ACOT4) gene. The
ASN variant was present at 26% in the NI cohort but was rare or absent in
the ancestral cohorts European (0.9%) and East Asian/Polynesian (0%). This
suggests that this founder effect allele originated specifically from England
and was transferred to NI via the Bounty Mutineers. Interestingly ACOT4 is
involved in lipid metabolism and we found evidence that the ACOT4-ASN
variant is significantly associated with altered HDL, LDL levels as well as body
fat indices in the NI cohort. Conclusions: This study has used a customised
WGS approach to identify a panel of functional founder effect variants in the
NI isolate. Furthermore, we provide evidence for a novel association between
ACOT and CVD risk traits in NI highlighting the potential of this genetic isolate
for uncovering previously undetected variants for CVD using this approach.
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A novel mutation in HEXB that causing Infantil Sandhoff Disease. N.H.
Akcakaya', O. Ozdemir', S.A. Ugur-Iseri', E. Yucesan', P. Tekturk?, G. Gokcay?,
U. Ozbek', Z. Yapiciz. 1) Istanbul University, Aziz Sancar Institute of Experi-
mental Medicine, Department of Genetics, Istanbul, Turkey; 2) Istanbul Uni-
versity, Istanbul Medical Faculty, Department of Neurology, Division of Child
Neurology, Istanbul, Turkey; 3) Istanbul University, Istanbul Medical Faculty,
Department of Pediatrics, Division of Metabolic Disorders, Istanbul/Turkey.
Introduction: Hexosaminidase beta subunit (HEXB) gene encodes a lyso-
somal enzyme. The mutations in HEXB leads neuronal damage due to the
accumulation of GM2 ganglioside. This lysosomal storage disease named
Sandhoff disease (SD) and has three forms (infantile, juvenile, and adult
forms). Infantile SD starts between 3-6 months of life and causes death within
a few years. In the course of SD developmental delay, progressive decline of
motor functions, hearing loss, cherry red spots, macrocephaly, and seizures
observed.Methods and Results: Eighteen month of age male patient was
admitted to neurology clinic with developmental delay, progressive decline
of motor functions, and seizures. He had consanguineous parents. He was
hypotonic since birth. He wasn't able to sit until six months of age and within
two months mental and motor deterioration starts. Seizures was added at
15 month of age. He had doll-like face, cherry red spots, and macrocephaly.
Brain MRI revealed low signal intensity symmetrical at bilateral thalamus in
FLAIR and T2-weighted images and high signal intensity at white matter.
Total hexosaminidase activity was very low but hexosaminidase A activity was
normal.Whole exome sequencing revealed novel homozygous ¢.1538T>C;
p.Leu513Pro (RefSeq. NM_000521) HEXB mutation. We confirmed the muta-
tion by Sanger sequencing. Healthy parents were heterozygous carriers. The
variant was absent in 350 unrelated healthy individuals from Turkey, who were
exome- sequenced by TUBITAK-BILGEM. In silico tools were used and the
amino acid substitution was predicted to have a damaging effect on the struc-
ture and function of the protein.Discussion: SD has enzymatic diagnostic test,
usually genetic testing is not performed and so there are few known muta-
tions. The GM2A, GNPTG, GNPTAB, HEXA genes are the related genes with
Sandhoff phenotype but these genes did not carry any additional pathogenic
variant in our patient. Our patients mutation was in one of the HEXB alpha
helix structure that plays an active role in enzymatic function. It has been
shown to be compatible with early involvement of radiological and clinical rapid
progression. ldentifying genetic variations that causes SD could enable to
made genotype-phenotype correlation.This work was supported by the grant
of Scientific Research Projects Coordination Unit of Istanbul University, Project
Number: 51985 & Istanbul Development Agency, Project Number: TR10/15/
YNK/0093. .
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Multi-ethnic 1000G analysis of TG:HDL ratio in over 78,000 individuals
from the CHARGE Consortium. J.E. Huffman, The Cohorts for Heart and
Aging Research in Genomic Epidemiology (CHARGE) Lipids Working Group.
The Framingham Heart Study, NHLBI Population Sciences Branch, Framing-
ham, MA.

The ratio of triglyceride (TG) to high density lipoprotein (HDL) cholesterol
has been shown to be highly correlated with insulin resistance and a strong
predictor of type 2 diabetes. A glucose clamp procedure or frequently sampled
intravenous glucose tolerance test provide a measurement of insulin resis-
tance but are not routinely done in large numbers of subjects due to invasive-
ness, time and cost of these tests. TG:HDL ratio is calculated based on values
from routine lipid profiles and can be readily measured in a large number of
individuals. The goal of this study is to perform a genome-wide association
study (GWAS) of TG:HDL ratio in order to identify novel genetic regions
associated with insulin resistance. The largest previous GWAS of this trait was
completed in 2009 using HapMap imputed genotypes, was half the sample
size, and identified 2 loci, APOA1 & CETP, both of which were also associated
with classical lipids. Meta-analysis was performed for 22 cohorts contributing
data from 78,382 individuals, including 54,586 of European ancestry, 8,637 of
African ancestry, 1,016 East Asians, and 14,143 Hispanics. Individual cohorts
performed a GWAS of TG:HDL ratio using 1000Genomes imputed dosages.
The outcome was fasting, natural log-transformed TG:HDL ratio adjusted for
sex, age, age? and cohort-specific covariates. Inverse variance weighted me-
ta-analysis was performed in METAL within each ethnicity and then combined
for a trans-ethnic meta-analysis. Significant associations (p<5E-08) were
found at 36 loci in regions previously associated with classical lipids. All have
been associated with TG and/or HDL. Both hits from the previous TG:HDL
ratio GWAS were replicated. In addition, 4 novel loci were discovered. The
first was located at 5q31.1 with the lead SNP found ~2kb 3’ of HSPA4 and the
majority of the association peak spanned this gene. The second was found
at 8p23.1 with the top SNP mapping ~2kb 3’ of DEFB136, in a region with
extended LD in Europeans. A novel intronic variant within PRR25 at 16p13.3
reached significance. The final novel association was at 19p13.11 ~5kb 5’ of
JUND. We are undertaking replication of our results in independent samples
using TG:HDL ratio as well as in samples with measures of insulin-sensitivity.
In conclusion, TG:HDL ratio can be measured in large numbers of individuals
and thus may provide a surrogate marker of insulin resistance for potential
discovery of novel contributing regions of the genome.
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Identification of important genes associated with high-density lipopro-
tein cholesterol using bioinformatics analysis. X. Mo'23, H. Zhang'?, S.
Lei's, Y. Zhang'. 1) Jiangsu Key Laboratory of Preventive and Translational
Medicine for Geriatric Diseases, Suzhou University, Suzhou, China; 2) Depart-
ment of Epidemiology, School of Public Health, Medical College of Soochow
University, Suzhou, China; 3) Center for Genetic Epidemiology and Genomics,
School of Public Health, Medical College of Soochow University, Suzhou,
China.

Background: High-density lipoprotein cholesterol (HDL-C) concentration
is affected by both lifestyle and genetic factors. The aim of this study was to
identify more related genes for HDL-C and evaluate the functional relevance
to provide evidences for prioritizing these genes by integrating different types
of data. Methods: We performed an initial gene-based association study in
about 188,578 individuals (a publicly available data from the Global Lipids
Genetics Consortium). Furthermore, we performed Gene Relationships Across
Implicated Loci (GRAIL), differential expression, protein-protein interaction,
coronary artery disease association analysis and other bioinformatics analyses
to support the significance of the identified genes. Results: About 22,096
genes on the human genome were analyzed for HDL-C levels in gene-based
association analysis. A total of 331 genes were found to be statistically signifi-
cant after Bonferroni correction (P < 2.3x10-%). The evidence obtained from the
analyses of this study suggested the importance of some well-known genes,
e.g. LPL, ABCA1, SCARB1, LCAT, APOE, VEGFA, LIPC, CETP and HNF4A,
as well as some unreported genes such as TGOLN2 at 2p11.2, TP53INP2 at
20911.22, RAC1 at 7p22.1, IKZF3 at 17912, NR1/2 at 3q12-9q13.3, NR1H3 at
11p11.2, ERBB2 at 17912, BCL3 at 19q13.1, NOTCH4 at 6p21.3, PACSINT at
6p21.3, MMP9 at 20q13.12 and BAZ1B at 7q11.23, and so on. These genes
involved in important lipid related pathways or have been reported to be
associated with many related diseases or traits, and should be suggested as
important candidates for further studies. Conclusion: The present study found
some important HDL-C-associated genes and the findings might provide more
insights into the genetic basis of lipid metabolism.

355W

Association analyses of up to 72,043 East Asian individuals and
trans-ancestry analyses with up to 186,265 European individuals reveal
new loci associated with cholesterol and triglyceride levels. C.N. Sprack-
len', Y.J. Kim?, P. Chen+, X. Sim?, H. Cai, S. Lis, J. Longe, Y. Wu', X. Wang’,
Y.X. Wang?, F. Takeuchi®, K.J. Jung™, J.Y. Wu2, TA. Johnson®, H. Li*, R.
Dorajoos, M. He's, K. Akiyama®, Y. Zhang”, X. Hou', C. Hu', S. Moon?, E.
Salfati, AGEN Consortium. 1) Department of Genetics, University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA; 2) Center for Genome Science,
Korean National Institute of Health, Osong, Chungchungbuk-do, South Korea;
3) Saw Swee Hock School of Public Health, National University of Singa-
pore, Singapore, Singapore; 4) Phoenix Epidemiology and Clinical Research
Branch, National Institute of Diabetes and Digestive and Kidney Diseases, Na-
tional Institutes of Health, AZ, USA,; 5) Division of Epidemiology, Department
of Medicine, Vanderbilt University School of Medicine, Nashville, TN, USA; 6)
Department of Epidemiology, Tulane University School of Public Health and
Tropical Medicine, New Orleans, LA, USA; 7) Life Science Institute, National
University of Singapore, Singapore, Singapore; 8) Beijing Institute of Ophthal-
mology, Beijing Tongren Eye Center, Beijing Tongren Hospital, Capital Medical
University, Beijing Ophthalmology and Visual Science Key Lab, Beijing, China;
9) National Center for Global Health and Medicine, Japan; 10) Institute for
Health Promotion, Graduate School of Public Health, Yonsei University, Seoul,
Korea; 11) Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan;
12) School of Chinese Medicine, China Medical University, Taichung, Taiwan;
13) Laboratory for Medical Science Mathematics, RIKEN Center for Integra-
tive Medical Sciences, Japan; 14) Institute for Nutritional Sciences, Shanghai
Institutes for Biological Sciences, Chinese Academy of Sciences, University
of the Chinese Academy of Sciences, Shanghai, China; 15) Genome Institute
of Singapore, Agency for Science Technology and Research, Singapore,
Singapore; 16) Department of Occupational and Environmental Health and
State Key Laboratory of Environmental Health for Incubating, School of Public
Health, Tongji Medical College, Huazhong University of Science and Technol-
ogy, Wuhan, Hubei, China; 17) Department of Epidemiology, School of Public
Health and Jiangsu Key Laboratory of Preventive and Translational Medicine
for Geriatric Diseases, Medical College of Soochow University, Suzhou, China;
18) Shanghai Diabetes Institute, Shanghai Jiaotong University Affiliated Sixth
People’s Hospital, Shanghai, China; 19) Department of Medicine, Stanford
University School of Medicine, Palo Alto, CA, USA.

Large-scale meta-analyses of genome-wide association studies (GWAS)
have identified >180 loci associated with fasting lipid levels, including total
cholesterol (TC), HDL-C, LDL-C, and triglycerides (TG). With differences in
linkage disequilibrium (LD) structure and allele frequencies among ancestry
groups, genetic studies in additional large samples may detect additional loci.
We conducted two GWA meta-analyses in up to 72,043 East Asian individuals
from 24 studies performed in Japan, the Philippines, Korea, China, Singapore,
and Taiwan, and a third trans-ethnic meta-analysis in up to 211,678 East Asian
and European individuals. Included studies were genotyped and imputed to
the HapMap Phase 2 reference panel (~2.4 million SNPs). Lipid levels were
adjusted for age, age?, sex, BMI, and other study-specific covariates, and the
residuals were then inverse normalized. In the first and second meta-analyses,
summary statistics of ~2.4 million study-specific lipid-SNP association analy-
ses were combined using a fixed effects sample-size weighted meta-analysis
approach assuming an additive genetic model. In the first meta-analysis, lead
signals from the discovery phase (11 studies) were meta-analyzed with 5 in
silico and 6 de novo genotyping studies of selected variants. In the second
meta-analysis, results from the discovery phase were meta-analyzed with 2
additional genome-wide studies. With these analyses, we validated (P<5x10-
#) 50 known lipid loci and identified 3 novel loci associated with HDL-C near
CD163 (P=7.4x10°), NCOA2 (P=1.6x10+), and NID2-PTGDR (P=4.2x10%),
and 1 novel locus associated with TG near WDR11 (P=2.7x10-). Additionally,
we identified 3 novel lipid associations at loci previously associated with a
different lipid trait; HDL-C (KLHL8, GPAM) and TC (METAPT1). In the trans-eth-
nic meta-analysis, summary association statistics from the East Asians were
combined with data from 186,265 European individuals from the Global Lipids
Genetics Consortium using MANTRA. In this analysis, we identified (logBF
>6.1) 30 additional novel lipid loci. Lead signals for each trait were found at
FOLH1 (HDL-C), MICA (LDL-C), KLF12 (TG), and HLA-B (TC). The novel HDL
locus NID2-PTGDR could prove clinically useful, as PTGDR is a G protein
coupled receptor, a common drug target. Taken together, in the largest East
Asian genome-wide analysis of lipids to date, we identified multiple novel lipid
loci, indicating new potential therapeutic targets.
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Genome-wide association study of abdominal fat depots in the UK
Biobank identifies adiponectin as a candidate gene for visceral fat
distribution. A.M. Yiorkas', E.L. Thomas’, M. Borga*ss, J.D. Bell’, O. Dahlqvist
Leinhard?s¢, A.l. Blakemore'2. 1) Section of Investigative Medicine, Imperial
College London, London, United Kingdom; 2) Department of Life Sciences,
Brunel University, London, United Kingdom; 3) Department of Medical and
Health Sciences, Linkdping University, Sweden; 4) Department of Biomedi-
cal Engineering, Linképing University, Sweden; 5) Center for Medical Image
Science and Visualization (CMIV), Linkdping University, Sweden; 6) Advanced
MR Analytics AB, Linkdping, Sweden; 7) Department of Life Sciences, Univer-
sity of Westminster, London, United Kingdom.

Introduction: Abdominal fat distribution has been recognized as a major
determinant of metabolic health. In particular, visceral adipose tissue (VAT) is
associated with increased risk of type 2 diabetes and cardiovascular disease,
independently of BMI. It is also appreciated that the pattern of fat distribution
is influenced by genetic factors, generally, to a larger extent than overall body
adiposity. Whole-body magnetic resonance imaging (MRI) was used to mea-
sure abdominal fat depots on ~9000 UK Biobank (UKBB) participants. To our
knowledge, this is the first GWAS using MRI measurements to identify genetic
loci associated with abdominal adipose tissue distribution. Methods: A ge-
nome-wide association study of VAT, abdominal subcutaneous adipose tissue
(ASAT) and visceral-to-subcutaneous ratio (VSR) was performed on European
UKBB participants with available genotyping and MRI data (n = 1,493). An
additive genetic model was considered, adjusting for age, gender, BMI, type
2 diabetes and the first five principal components. Results: We identified a
novel locus (chr3; rs182052) in ADIPOQ (adiponectin) associated with VAT
at the genome-wide significance level (p = 5.00 x 10+). The lead SNP was
previously associated with circulating adiponectin levels and metabolic pheno-
types. While no SNPs reached genome-wide significance in ASAT and VSR
analyses, rs117388882 (p = 1.50 x 107) in CAVT (caveolin 1) and rs74393452
(p =1.54 x 10¢) in SCTR (secretin receptor) were the lead SNPs respectively.
These potential contributors to fat distribution are important key players since
ADIPOQ is related to T2D and metabolism, CAV1 is linked to lipodystrophy
and SCTR knock-out mice (SctR~) have decreased lipolysis. Conclusions:
A genome-wide association study using MRI data on abdominal fat depots in
UKBB participants has identified adiponectin SNPs as a contributor to VAT
levels. Although replication is required to validate the suggestive hits for SAT
and VSR, there is compelling biological evidence to support their involvement
in abdominal adipose tissue homeostasis.
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Detecting and prioritizing triglycerides-associated genes by using gene-
based method and bioinformatics analysis. H. Zhang'z X. Mo*23, S. Lei"?3,
Y. Zhang'>. 1) Jiangsu Key Laboratory of Preventive and Translational Med-
icine for Geriatric Diseases, Soochow University, University, Suzhou, China;
2) Department of Epidemiology, School of Public Health, Medical College of
Soochow University, 199 Renai Road, Suzhou, China; 3) Center for Genetic
Epidemiology and Genomics, School of Public Health, Medical College of
Soochow University, 199 Renai Road, Suzhou, China.

Background: Plasma concentration of triglycerides (TG) is reemerging as an
important cardiovascular disease risk factor. The aim of this study was to iden-
tify more related genes for TG and evaluate the functional relevance to provide
evidences for prioritizing these genes. Methods: We performed an initial gene-
based association study in about 188,578 individuals (a publicly available data
from the Global Lipids Genetics Consortium). Further, we performed Gene
Relationships Across Implicated Loci (GRAIL), protein-protein interaction, cor-
onary artery disease association analysis and other bioinformatics analyses to
support the significance of the identified genes. Results: About 22,084 genes
on the human genome were analyzed for TG levels in gene-based association
analysis. A total of 298 genes were found to be statistically significant after
Bonferroni correction (P < 2.3x10%). These genes involved in important lipid
related pathways or have been reported to be associated with many related
diseases or traits. The evidence obtained from the analyses of this study signi-
fied the importance of many genes, e.g., APOB, LPL, NR1H3, PLA2G6, TNF,
VEGFA, APOAS5, CETP, LIPC, MET, PEPD, PLTP, TNXB, LACTB, PARPS,
BPTF, and so on. These genes should be suggested as important candidates
for further studies. Conclusion: Taken together, the present study found some
important TG-associated genes and the findings might provide more insights
into the genetic basis of lipid metabolism.

358W

Meta-analysis of quantitative pleiotropic traits at gene level with multi-
variate functional linear models. C. Chiu’, J. Jung?, W. Chen?, D. Weeks?,

H. Renv, J. Mills', M. Ting Lee’, M. Xiong®, R. Fan'. 1) Eunice Kennedy Shriver
National Institute of Child Health and Human Development, National Institutes
of Health, Bethesda, MD 20892; 2) National Institute on Alcohol Abuse and
Alcoholism, National Institutes of Health, Bethesda, MD 20892; 3) The Univer-
sity of Pittsburgh Medical Center, Pittsburgh, PA 15224; 4) DataParadise Inc.,
Belle Mead, NJ 08502; 5) University of Maryland, College Park, MD 20740; 6)
University of Texas School of Public Health Houston, Texas 77225.

For a meta-analysis of multiple studies, multivariate functional linear models
are developed to connect genetic variant data to multiple quantitative traits
adjusting for covariates. The goal is to take the advantage of both meta-anal-
ysis and pleiotropy analysis in order to improve power and to carry out a
uni ed association analysis of multiple studies and multiple traits of complex
disorders. Three types of approximate F-distributions based on Pillai-Bart-
lett trace, Hotelling-Lawley trace, and Wilks's Lambda are introduced to test
association between multiple quantitative traits and multiple genetic variants.
Simulation analysis is performed to evaluate the false positive rates and power
performance of the proposed models and tests. The proposed methods were
applied to analyze lipid traits in eight European cohorts.
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Bi-ethnic GWAS refines genetic architecture of membranous nephrop-
athy. N. Mladkova’, J. Xie?, C. Sidore®, M. Zoledziewska’, R. LeDesma’, J.
D'Addario’, N. Lester, M. Bodria’, F. Scolari*, A. Panis, F. Cucca®, N. Chenz, K.
Kiryluk'. 1) Dept of Medicine, Columbia University , NYC, NY; 2) Institute of
Nephrology, Department of Nephrology, Ruijin Hospital, Shanghai Jiao Tong
University School of Medicine, Shanghai, China; 3) Istituto di Ricerca Genetica
e Biomedica, Consiglio Nazionale delle Ricerche (CNR), Monserrato, Cagliari,
Italy; 4) Division of Nephrology, Azienda Ospedaliera Spedali Civili of Brescia,
Montichiari Hospital, University of Brescia, Brescia, Italy; 5) Department of
Nephrology and Dialysis, G. Brotzu Hospital, Cagliari, Italy.

Background: Idiopathic membranous nephropathy (iMN) represents the
leading cause of nephrotic syndrome worldwide. iMN is characterized by
autoimmune deposits in the glomerular basement membrane. The clinical
course of iIMN is highly variable, but up to one third of cases progress to end
stage renal failure. Common variants at PLA2R1 and HLA loci have previously
been associated with iIMN in Europeans, but these signals have not yet been
fine-mapped. Notably, PLA:R (encoded by PLA2R1) represents a known
target of pathogenic antibodies in up to 70% of iIMN cases. Methods: We
performed a new GWAS discovery in 1,465 East Asians and 1,685 Sardinians
(654 biopsy-diagnosed iMN cases and 2,496 ethnically-matched controls).
The Asian cohort was genotyped with the HumanOmniZhongHua-8 chip while
the Sardinian cohort with lllumina OmniExpress. Following stringent QC,
genotype data were imputed using 1000-G reference (Minimac3). Association
testing was performed using a dosage method in PLINK with adjustment for
significant PCs of ancestry. Imputation of classical HLA alleles was performed
with SNP2HLA. Ethnicity-specific results were meta-analyzed using METAL.
Results: We replicated strong signals within the HLA region on chr.6p21
(OR=5.56, P=9.6E-65) and PLA2R1 locus on chr.2q23 (OR=3.23, P=2.1E-24).
We also confirmed a significant genetic interaction between these two loci
(P=0.0014). We next performed conditional haplotype analyses to define
at least 3 independently associated HLA signals and a single genome-wide
significant PLA2R1 haplotype. The analysis of classical HLA alleles revealed
that the HLA signal is explained by HLA-DRB1*1501 (OR=5.34, P=7.3E-47),
as well as Arg at position 233 of DRB1 (OR= 5.24, P=1.6E-07) and Arg at
position 74 of DRB1 (OR= 9.0, P= 2.2E-19). After conditioning on the HLA
and PLA2R1 loci, we identified a number of new suggestive loci across the
genome. These are presently being tested for replication in >1,200 additional
cases. Conclusions: In our bi-ethnic GWAS for iMN, we confirmed the pre-
viously implicated common variants with large effects, fine-mapped the MHC
signal to a single gene, demonstrated that the association at the PLA2R1
locus can be explained by a single risk haplotype, and identified several novel
suggestive signals. Our genetic results confirm that the interaction between
the antigen (PLA:R) and HLA-DRB1 is critical for the development of iMN,
confirming strong autoimmune component to the disease pathogenesis.
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Dosage contribution of a non-classical HLA gene, HLA-DOA, to the risk
of rheumatoid arthritis. Y. Okada22, A. Suzukiz, K. Ikari‘, C. Teraoss, Y. Ko-
chiz, K. Ohmura®, M. Akiyama?, K. Ashikawa?, M. Kanaiz, J. Hiratas, N. Suita’,
Y.Y. Teo’, H. Xu¢, S.C. Bae®, A. Takahashiz, Y. Momozawaz, K. Matsuda™, S.
Momohara*, A. Taniguchi‘, R. Yamadas, T. Mimorie, M. Kubo?, M. Brown, S.
Raychaudhuri, F. Matsuda®, H. Yamanaka*, Y. Kamataniz, K. Yamamotoz. 1)
Osaka University Graduate School of Medicine, Osaka, Japan; 2) RIKEN Cen-
ter for Integrative Medical Sciences, Yokohama, Japan; 3) Tokyo Medical and
Dental University, Tokyo, Japan; 4) Institute of Rheumatology, Tokyo Women's
Medical University, Tokyo, Japan; 5) Brigham and Women's Hospital, Harvard
Medical School, Boston, MA, USA; 6) Kyoto University Graduate School

of Medicine, Kyoto, Japan; 7) National University of Singapore, Singapore;

8) The Second Military Medical University, Shanghai, China; 9) Hanyang
University Hospital for Rheumatic Diseases, Seoul, South Korea; 10) Institute
of Medical Science, The University of Tokyo, Tokyo, Japan; 11) University

of Queensland Diamantina Institutem, Brisbane, Queensland, Australia; 12)
Graduate School of Medicine, the University of Tokyo, Tokyo, Japan.

Despite the progress in human leukocyte antigen (HLA) causal variant map-
ping, independent localization of major histocompatibility complex (MHC) risk
from classical HLA genes is challenging. Here, we conducted a large-scale
MHC fine-mapping analysis of rheumatoid arthritis (RA), an autoimmune dis-
ease with chronic destruction of synovial joints, in Japanese (6,244 RA cases
and 23,731 controls) using the HLA imputation method. We further conducted
a multi-ethnic validation study by including east Asians and Europeans (n =
7,097 and 23,149, respectively). Our study identified a risk of a synonymous
mutation at HLA-DOA, a non-classical HLA gene, on anti-citrullinated-pro-
tein-autoantibody (ACPA)-positive RA risk (P = 1.4 x 10%), independently
from the classical HLA genes (HLA-DRB1, HLA-DPB1, and HLA-B). The
HLA-DOA risk variant demonstrated a cis-expression quantitative trait loci
(cis-eQTL) effect on HLA-DOA expression levels, demonstrating its dosage
expression effect on RA risk. Trans-ethnic comparison revealed different
linkage disequilibrium (LD) patterns between HLA-DOA and HLA-DRB1, which
explains the observed HLA-DOA variant risk heterogeneity among ethnicities;
which was most evident in Japanese but not in Europeans. Whilst the previous
HLA fine-mapping studies have identified amino acid polymorphisms of the
classical HLA genes as driving genetic susceptibility of the diseases, our study
additionally identifies the dosage contribution of a non-classical HLA gene to
disease etiology. Our study contributes to understanding of HLA immunology
in human diseases, and suggests the value of incorporating additional ances-
try in MHC fine-mapping.
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Genotypic variability based association of seronegative rheumatoid
arthritis identifies DHCRY7 as a key non-additive locus without significant
additive effects. W. Wei'2, S. Viatte', A. Barton's, S. Robertsonz, J. Worthing-
ton's. 1) Arthritis Research UK Centre for Genetics and Genomics, Institute of
Inflammation and Repair, Faculty of Medical and Human Sciences, Manches-
ter Academic Health Science Centre, University of Manchester, Oxford Road,
Manchester M13 9PT, UK; 2) Department of Women'’s and Children’s Health,
Dunedin School of Medicine, University of Otago, Dunedin 9016, New Zea-
land; 3) NIHR Manchester Musculoskeletal Biomedical Research Unit, Central
Manchester NHS Foundation Trust, Manchester Academic Health Science
Centre, Manchester, UK.

Seronegative rheumatoid arthritis [MIM 180300] is a complex and hetero-
geneous disorder where patients have no antibodies against citrullinated
peptides (RA’). Genome-wide association studies (GWAS) of RA- have
identified only two genome-wide significant loci HLA-DRB1 [MIM 142857]
and ANKRD55 [MIM 615189]. It is therefore of interest to examine if there are
any non-additive signals. We recently adapted genotypic variability based ge-
nome-wide association study (vVGWAS) to dichotomous disease phenotypes,
to allow identification of potentially interacting loci without prior knowledge of
the interacting factors in two steps: using a mixed model approach to partition
dichotomous phenotypes into additive risk and non-additive environmental
residuals on the liability scale and then the Levene’s (Brown-Forsythe) test to
assess equality of the residual variances across three genotype groups per
marker. We performed a vGWAS of a combined population of six RA- cohorts
recruited from the UK, US, Sweden (2), Netherland and Spain, respectively, all
genotyped with Immunochip. After quality control and the mixed model step,
19,108 unrelated samples (3323 cases and 15,785 controls) and 107,144
autosomal SNPs were used in the analyses, with an estimate of polygenic
heritability of 0.045. At the genome-wide cutoff of 5.0e-08, vGWAS identified
HLA-DRB1 (lead SNP rs9275428, P = 2.0e-12) and DHCR7 [MIM 602858]
(lead SNP rs2852853, P = 1.3e-08). In contrast, the GWAS P values of the
lead SNPs rs9275428 and rs2852853 were 1.5e-24 and 5.1e-05 respective-
ly, suggesting HLA-DRB1 can be detected from both analyses but DHCR7
only from vGWAS. We further performed cross-validation iteratively by
randomly splitting the combined population into two halves without changing
any phenotypes, doing vVGWAS in both sub-populations, and recording any
discovery and/or replication successes. In a total of 10 iterations, HLA-DRB1
was discovered and replicated every time whereas DHCRY7 narrowly missed
discovery only once (P = 8.2e-08) but was replicated in all instances. DHCR7
has an important role in vitamin D metabolism and DHCR7 mutations could
have been adaptive for habitation of early humans at Northern latitudes (e.g.
Sweden) with insufficient sunlight and hence risk of vitamin D deficiency.
Indeed we detected a significant (P = 0.005) interaction between the DHCR7
lead SNP and cohorts fitted as an environmental factor. We conclude vGWAS
is useful to discover novel non-additive signals.

362T
Joint prediction of gene expression using multimodal functional ge-
nomic readouts. D. Lituiev, J. Ye. Institute for Human Genetics, University of
California, San Francisco, San Francisco, CA.

Although there has been much success in mapping genetic determinants
of complex human traits, the prediction of traits using genetic data alone has
proved challenging. One way to better understand the predictive capacity
of genetic variation is by studying intermediate phenotypes such as gene
expression and chromatin states. The advantage of this approach is that gene
expression is less likely to be confounded by environmental factors than dis-
ease state. Here we explore several models incorporating multimodal genomic
and genetic data to predict gene expression.In the first analysis, we develop
a sparse generalized regression approach to jointly predict gene expression
(GE) from genetic data and chromatin accessibility data. We use elastic net
regression with distinct penalty for chromatin accessibility (CA) and genotype
(GT) features. We apply our model to CD4+ T cells, where we have obtained
ATAC-seq (CA) and RNA-seq (GE) data, and lymphoblastoid cell lines (LCLs),
where published DNase-seq (CA) and RNA-seq (GE) data is readily available.
Using an unbiased estimate of out-of-sample prediction performance, we
estimated an average R? of 10% and 2% for those genes with positive R?
(440/19518 in CD4s) and (199/12213 in LCLs) using GT alone. Including both
GT and CA features increased the number of genes with expression predict-
able at a positive R? by 6% and 7% respectively, raising mean out-of-sample
R2 by 3.6% and 9.1% respectively. These results suggest that although chro-
matin accessibility data carries predictive information about gene expression,
the experimental noise and cost-limited cohort sizes (N~100 in both datasets)
restricts its predictive potential. In the second analysis, we model interactions
of cis and frans elements by utilizing transcription factor expression and gen-
otypes to predict gene expression in ImmVar Nanostring data from dendritic
cells. Including expression of 39 transcription factors as covariates raised the
number of genes predictable with positive R2 by 10% (58 to 64/405), improving
out-of-sample prediction R? on average by 9% for genes with positive Rz.
Additionally, we discovered 335 novel transcription factor — genotype interac-
tion using linear regression at FDR < 0.01. Thus we demonstrate that sparse
regression models involving genetic and functional genomic inputs can lead to
improvements in prediction of gene expression.
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Common HLA alleles in patients candidates for hematopoietic stem cell
transplant in western Mexico. C. Ortega-de-la-Torre', H.J. Pimentel-Guti-
érrez', A. Corona-Rivera's, A. Marquez-Mora’, F. Sanchez-Zubieta?, S.A.
Brukman-Jiménez:, J.R. Corona-Rivera‘, L. Bobadilla-Morales's. 1) CYTOGE-
NETICS UNIT, HOSPITAL CIVIL DE GUADALAJARA "DR. jUAN | MENCHA-
CA", Guadalajara, Jalisco, Mexico; 2) PEDIATRIC HEMATO-ONCOLOGY
SERVICE, PEDIATRICS DIVISION, HOSPITAL CIVIL DE GUADALAJARA
"DR. JUAN | MENCHACA", Guadalajara, Jalisco, México; 3) cYTOGE-
NETICS, GENOTOXICITY AND BIOMONITORING IAB, INSTITUTO DE
GENETCA HUMANA "DR. ENRIQUE CORONA RIVERA", UNIVERSITY OF
GUADALAJARA, Guadalajara, Jalisco, México; 4) PEDIATRICS DIVISION,
HOSPITAL CIVIL DE GUADALAJARA "DR. JUAN | MENCHACA", Guadalaja-
ra, Jalisco, México.

INTRODUCTION. Human leukocyte antigens (HLA) genes are the most
polymorphic in the genome and they are in the Major Histocompatibility Com-
plex (MHC) located in 6p21.3 locus. For choosing hematopoietic progenitors
(HP) donor should be considered HLA genes. PURPOSE. To determine the
most common allele frequencies of HLA genes class | and class Il in DNA
samples of HP transplant candidates and their potential donors. MATERIAL
AND METHODS. This is a descriptive, retrospective and transversal study.
134 transplant candidates and 411 potential donors, collected between 2012
and 2015 in the New Civil Hospital of Guadalajara were included in this study.
DNA extraction was performed using purification columns (Qiagen) and
analysis of HLA class | (A, B, and C) and class Il (DQB1 and DRB1) was
performed by PCR-SSO (One Lambda), and / or SSP (One Lambda), and /
or SBT (Protrans) . RESULTS AND CONCLUSIONS. Here are mentioned the

most common three alleles for each locus and their frequency and percentage.

HLA-A: *02 with 311(29%), *24 with 171(15.9%) and *68 with 136 (12.7%);
HLA-B: *35 with 197(18.8%), *40 with 102 (9.7%), and *44 with 99 (9.4%);
HLA-C: *04 with 229 (21.7%), *07 with 225 (21.3%) and *03 with 150 (14.2%);
HLA-DQB1: *03 with 510 (47.8%), *04 with 149(14%), and *06 with 134
(12.6%). HLA-DRB1 *04 with 310 (29%), *08 with 149 (14%) and *07 with 92
(8.6%). In this study was determined the HLA alleles frequency for this popula-
tion of patients eligible for stem cell transplantation and their potential donors,
they correspond to population of western Mexico. The three most common
alleles for each locus were identified. The distribution of HLA alleles varies
according to the population, so it is necessary to know the allelic frequencies
in populations .

364W

Novel shared genomic segment analysis identifies PARK2 and ARID1A
as potential risk genes for myeloma. R.G. Waller', T. Darlington?, K. Curtin?,
D. Atanackovic**, N.J. Camp**+. 1) Biomedical Informatics, University of Utah,
Salt Lake City, UT; 2) Psychiatry, University of Utah, Salt Lake City, UT; 3)
Internal Medicine, University of Utah, Salt Lake City, UT; 4) Hematology, Uni-
versity of Utah, Salt Lake City, UT.

Identifying genetic variants involved in common disease remains a challenge
due to multiple genes and sources of heterogeneity, reduced penetrance and
sporadic cases. Variant prioritization often relies heavily on rarity and function-
al impact. Few studies have integrated formal statistical evidence for familial
segregation, which could be especially useful in non-coding regions. Shared
Genome Segment Analysis (SGS) provides statistical evidence that a genomic
region is segregating in a high-risk pedigree (HRP) and indicates regions
involved in disease risk. In SGS, chromosomal segments shared longer than
expected by HRP cases are likely inherited from a common founder. Here, we
use a modified heterogeneity-SGS algorithm that specifically assesses shared
segments for all possible subsets of HRP cases. Thresholds, fully-corrected
for multiple testing, were determined by optimizing over subsets with the Gen-
eralized Extreme Value distribution, accounting for genome-wide (GW) scan
with the law of large deviations and correcting for the number of HRPs. We
performed SGS using high-density SNP array data on 7 Myeloma (MM) HRPs,
a highly heritable cancer of plasma cells. Each pedigree had at >3 genotyped
MM cases with 16-23 meioses between cases. Six regions were identified
with statistical evidence at the fully-corrected, GW suggestive level (Table
1). Three overlapped (24-855kb) with regions identified in a 2« MM HRP. Of
note, the overlapping chr18 region is within PARK2, a gene previously shown
to harbor germline risk for lung cancer (shown to cluster in MM HRPs). To
discover additional regions with multiple pedigree support, we added 3 smaller
HRPs (13 meioses between 3 cases each) and considered regions that were
pedigree-specific, GW suggestive. Four regions overlapped in >2 HRPs (Table
2). Of note, the chr1 region contains ARID1A, a gene somatically mutated
in many cancers and associated with accelerated tumor growth. In sum, this
study illustrates SGS can direct the search for the genetic basis of complex
traits.

Table 2-Regions significant in >2 HRPs at the GW suggestive level.

SITE LENGTH (MB) CASES P-VALUES
1p36.11 1.16 3,3 3x10-4,2x10-4
10923.33 0.02 34,3 2x10-4,2x10-4,7x10-4
16q12.2 0.24 3,3 4x10-4,4x10-4
18922.2 0.21 3.4 4x10-5,9x10-5
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A novel statistical framework for meta-analyzing overlapping samples
prevents a striking phenomenon that gold standard approach severely
loses power when a subset of controls are shared. E. Kim'2, B. Han*. 1)
Asan Institute for Life Sciences, University of Ulsan College of Medicine, Asan
Medical Center, Seoul, Republic of Korea; 2) Seoul National University, Seoul,
South Korea; 3) Department of Convergence Medicine, University of Ulsan
College of Medicine and Asan Institute for Life.

In order to maximize statistical power of genome-wide association studies
(GWAS), current studies frequently augment control samples from public
database or other GWAS. As a result, many different studies contain shared
control samples in their analysis, which makes the samples of these studies
dependent to each other. This dependency can cause problems in meta-anal-
ysis where we combine multiple independent studies into one. To solve this
challenge of overlapping samples in meta-analysis, Lin and Sullivan proposed
a novel strategy that calculates and accounts for the correlation between sta-
tistics induced by overlapping samples (AJHG 2009), which has become the
gold standard (LS method). Here, we report a striking phenomenon regarding
the power of this gold standard approach. We observed that when not all but
a subset of controls are shared between studies, the gold standard approach
shows severe power drop compared to splitting, where splitting refers to
a strategy that splits genotype data of overlapping samples into individual
studies. For example, in simulations performing meta-analysis of ten studies
that share a half of controls, LS strikingly showed 10% power while splitting
achieved 91% power (simulation codes available at the web address below).
Intuitively, the power drop is caused by heterogeneity of information that each
sample contains; it can be shown that shared samples have less information
than study-specific samples towards the final summary statistic. Inspired by
this phenomenon, we propose a novel power-preserving meta-analysis frame-
work for overlapping samples, called FOLD (Fully-powered method for Over-
Lapping Data). To prevent power drop, we obtain a set of summary statistics
from each study where each statistic is calculated using a subset of controls
that is homogeneous in terms of their information, and combine them into one
final statistic. FOLD does not suffer from the power loss phenomenon of LS
and achieves similarly higher power to splitting in all conducted simulations.
We applied our method to the Wellcome Trust Case Control Consortium data.
In the analysis combining three autoimmune diseases with partially overlap-
ping shared controls, LS attenuated the statistical significances of previously
reported loci compared to splitting, while FOLD preserved the significances.
FOLD and our simulation codes are publicly available at http://software.buhm-
han.com/FOLD.
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Efficient exact tests for longitudinal microbiome studies with applica-
tion to HIV lung microbiome studies. J. Zhou', J. Zhai', T. Hu?, H. Zhouz. 1)
University of Arizona, Tucson, AZ; 2) University of California, Los Angeles, CA,
3) North Carolina State University, NC.

Recent improvements in high-throughput sequencing make the longitudinal
sampling of a relatively large number of individuals possible. Longitudinal
studies that record the temporal variation of microbial communities in a wide
range of environments allow us to observe temporal dynamics and its links to
changes in human health status. For cross-sectional designs, many statisti-
cal methods and softwares analyzing association between microbiome and
clinical outcomes have beed developed recently in addition to the traditional
distance-based analysis. Among them, versatile regression based methods
that directly regresses the outcome on the microbiome profiles while allowing
for easy covariate adjustment enjoys great popularity. However, methods and
softwares for longitudinal micriobiome studies that can deal with temporal
variability are limited. In this paper, we propose efficient exact tests (score,
likelihood ratio, and restricted likelihood ratio) for longitudinal microbiome
studies (exVCLong). Our method is based on linear mixed effect models and
combine with semi-parametric kernel association test to test the association of
overall longitudinal microbiome profile and outcome. Additionally, our methods
can also be used to detect association of one specific microbiome cluster
while adjusting for the effects from related clusters. This can be particularly
useful to find causal micribiome clusters. Longitudinal studies tend to have
smaller sample sizes. Our 'exVCLong' method does not rely on asymptotic
theory of large samples, which can significantly improve power to detect asso-
ciation for sample sample microbiome studies. Our simulation studies present
correctly controlled type | error and superior power in detecting association in
longitudinal studies. Finally, we applied our method to a longitudinal pulmonary
microbiome datasets of Human Immunodeficiency Virus (HIV) patients. We
identified two interesting genera Prevotella and Veillonella associated with
force vital capacity, which shed lights on biological mechanisms. The software
package is implemented in the open source, high-performance technical
computing language Julia and is freely available at https://github.com/Tao-Hu/
VarianceComponentTest.jl.
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A profound effect of common HLA polymorphisms on the survival of the
patients with HIV infection in the pre-antiviral era in Thailand. M. Yasun-
ami'2, N. Wichukchinda’, R. Miyahara?, N. Tsuchiya?, H. Nakamuraz, M. Mor#,
A. Rojanawiwat:, P. Pathipvanic*, P. Sawanpanyalert:, K. Ariyoshiz. 1) Medical
Genomics, Life Science Institute, Saga-ken Medical Centre Koseikan, Saga,
Japan; 2) Department of Clinical Medicine, Institute of Tropical Medicine,
Nagasaki University, Nagasaki, Japan; 3) Department of Medical Sciences,
Ministry of Public Health, Nonthaburi, Thailand; 4) Day Care Center, Lampang
Hospital, Lampang, Thailand.

Background: HLA class | polymorphisms are known to play a crucial role
in the control of HIV and progression to AIDS. We previously reported that
HLA-B*35:05 and B*57:01 were associated with lower viral load in the patients
with chronic HIV infection who were enrolled to a longitudinal observation-
al study in Lampang Hospital, a government referral hospital in Lampang,
Thailand. In addition to the HLA class I-mediated cytotoxic T lymphocytes, a
variety of immune/inflammatory responses are regulated by the genes in the
HLA region of human chromosome 6, so that the other HLA polymorphisms
may associate with disease outcomes of the patients with HIV infection.
Methods: A total of 556 HIV-1 CRF01_AE infected individuals were recruited
from July 2000 to October 2002, and census data of survival was obtained
on October 15, 2004 before the national program of antiviral treatment was
introduced. CD4 count, viral RNA load and other information on clinical status
were collected upon enrolliment. Genotypes of HLA-A, -B, -C, -DRB1 and
TNF were determined. Results: Unlike class | HLA alleles, no effect of TNF
polymorphisms on chronic phase viral load was detected. TNF -308A allele
exhibited dominant unfavorable effect on the survival (TNF -308AA+AG vs
-308GG, Cox hazard ratio: 1.46, p=0.034), and the effect was strengthened
in HIV-1 positive patients with low CD4 count at enrollment (Cox HR: 1.52,
p=0.024). Similar dominant unfavorable effect on the survival in the patients
with low CD4 count was observed with DRB1*03:01 (DRB1*03:01-positive vs
DRB1*03:01-negative, Cox HR: 1.55, p=0.018) The effect of TNF -308A was
enhanced by co-existence of DRB71*03:01 allele (Cox HR: 1.65, p=0.010),
suggesting a haplotype effect. Because of tight linkage between TNF -308A
and DRB1*03:01 alleles forming ancestral haplotype AH58.17 commonly found
in Asian population, it could not be distinguished whether the effects of TNF/
HLA-DRB1 polymorphisms are primary or secondary to other genetic factor(s)
carried by AH58.1. Interestingly, AH58.1 shares the same alleles in TNF-HLA-
DRB1 interval with AH8.1 which carries a complement factor 4 null allele.
Shorter survival of AH58. 1-positive patients might be elucidated by defective
complement functions which are important to cope with opportunistic infectious
agents such as Pneumocystis, etc. Conclusion: Unfavorable effect on the
survival of the patients with chronic HIV infection in pre-ART era was associat-
ed with a common HLA haplotype AH58.1.
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NOD?2 effect on inflammatory bowel disease is mediated by commensal
microbiota. H. Aschard'?, E. Tchetgen Tchetgen'’, D. Knight:+s¢, P. Seksik’, N.
Zaitlent, J. Cosnes’, R. Xavier's*, L. Beaugerie’, D. Skurnik', H. Sokol"2%, 1)
Department of Epidemiology, Harvard School of Public Health, Boston, MA,
USA; 2) Program in Genetic Epidemiology and Statistical Genetics, Harvard
T.H. Chan School of Public Health, Boston, MA, USA; 3) Department of Com-
puter Science and Engineering, University of Minnesota, Minneapolis, MN,
USA,; 4) Broad Institute of Harvard and MIT, Cambridge, MA, USA,; 5) Center
for Computational and Integrative Biology, Massachusetts General Hospital
and Harvard Medical School, Boston, MA, USA; 6) Biotechnology Institute,
University of Minnesota, St. Paul, MN USA; 7) Department of Gastroenterolo-
gy, Saint Antoine Hospital, Paris, France; 8) Department of Medicine, Univer-
sity of California, San Francisco, CA, USA; 9) Division of Gastroenterology,
Massachusetts General Hospital and Harvard Medical School, Boston, MA,
USA,; 10) Division of Infectious Diseases, Department of Medicine, Brigham
and Women's Hospital, Harvard Medical School, Boston, MA, USA; 11)
Massachusetts Technology and Analytics, Brookline, Massachusetts, USA; 12)
Sorbonne University—UPMC Univ Paris 06, INSERM ERL 1157, Avenir Team
Gut Microbiota and Immunity, UMR 7203, Saint-Antoine Hospital, AP-HP,
UPMC Univ Paris 06, Paris, France; 13) Micalis Institute, INRA, AgroParis-
Tech, Université Paris-Saclay, Jouy-en-Josas, France.

Most genetic analyses and twin studies published to date support a genetic
component to the inflammatory bowel disease (IBD). The most recent ge-
nome-wide scan identified a total of 163 loci associated with IBD phenotypes.
The identification of these loci has enhanced our understanding of the patho-
genesis of IBD, providing perspective on key pathways, and highlighting an
essential role for host defense against infection. In parallel, recent work point-
ed out a potential role of the intestinal microbiota in initiating and maintaining
IBD-related phenotypes. While it is generally accepted that the commensal
microbiota can induce inappropriate activation of intestinal mucosal immunity,
the precise role of the microbiota in the etiology of IBD in regards of the host
genetic susceptibility remains unclear. In this study we used 182 well pheno-
typed IBD cases to explore the relationship between the intestinal microbiota
and genetic variants from five of the most established IBD-associated genes
(NOD2, CARD9Y, LRRK2, ATG16L1 and IL23R). We performed a systematic
screening for association between the four IBD-increasing genetic variants
and bacterial quantification using a novel multivariate approach we recently
developed. We identified 7 significant associations, 6 involving NOD2, and 1
involving CARD9. This includes in particular a negative association between
F. prausnitzii and a genetic risk score for NOD2. F. prausnitzii is of particular
interest in this context as we previously demonstrated its anti-inflammatory
effect on cellular and colitis models. Focusing on this result, we first replicated
the NOD2-F. prausnitzii association using an independent cohort of 474 IBD
cases. We then demonstrated that this association remains after controlling for
the established effect of F. prausnitzii and NOD2 variants on IBD. Finally, using
theory on causal inference and simulation, we showed that the increased
IBD risk associated with NOD2 is likely mediated through a decrease of F.
prausnitzii in the gatstro-intestinal tract, showing for the first time an a three-
way interdependency between bacteria, human genes and IBD. These results
are of major importance for the understanding of IBD pathogenesis and for
the discovery or new therapeutic targets on both host and microbiota sides.
Moreover, this work has general implications as the concepts pointed out here
could be applied to the growing number of other human diseases in which
both microbiota and genetics are involved.
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Genome-wide analysis of vitamin D response elements implicates
vitamin D regulation of antigen presentation in multiple sclerosis risk:
Results from the Kaiser Permanente MS Research Program. A. Mok'?, X.
Shao?, B. Rhead'z, L. Shens, H. Quach?, C. Schaefer:+, T. Olssons, |. Kockums,
L. Alfredsson¢’, L.F. Barcellos'234. 1) Computational Biology Graduate Group,
UC Berkeley, Berkeley, CA; 2) Genetic Epidemiology and Genetics Labora-
tory, UC Berkeley, Berkeley, CA; 3) Kaiser Permanente Division of Research,
Oakland, CA; 4) Research Program on Genes, Environment and Health,
Kaiser Permanente, Oakland, CA; 5) Department of Clinical Neuroscience and
Center for Molecular Medicine, Karolinska Institutet at Karolinska University
Hospital, Stockholm, Sweden; 6) Institute of Environmental Medicine, Karolins-
ka Institutet, Stockholm, Sweden; 7) Centre for Occupational and Environmen-
tal Medicine, Stockholm County Council, Stockholm, Sweden.

Recent studies have demonstrated a causal role of vitamin D serum levels
in multiple sclerosis (MS [MIM 126200]); however, the mechanisms underly-
ing this association are not yet known. The vitamin D receptor is expressed
in nearly all tissue types, but its target genes are specific to cell type and
function. Thus, genome-wide analysis of vitamin D signaling may elucidate
the downstream factors driving MS pathogenesis. We investigated wheth-
er genetic variants in putative vitamin D response elements (VDREs) are
associated with MS in non-Hispanic White members of Kaiser Permanente
Northern California (1,098 cases; 10,329 controls). Genotypes were obtained
through whole-genome profiling and imputation. We identified 6,250 SNPs
within 4,764 VDREs from six ChlP-seq datasets for analysis. To detect the
effect of VDRE variants on MS susceptibility independent of well-established
risk factors, we performed logistic regression for each SNP and controlled
for sex, genetic ancestry, a weighted genetic risk score for 110 non-HLA risk
alleles, and four independent SNPs in the MHC, the region with the strongest
genetic contribution to MS risk. Results show significant disease associations
for 19 SNPs in 16 VDREs (FDR g<0.05), including rs2213584 (OR=1.34,
p=5.34e-07) and rs2395182 (OR=1.47, p=1.38e-06) in a VDRE 5kb down-
stream of HLA-DRA. We additionally restricted analyses to VDRE SNPs within
10kb of genes established through recent MS GWAS and found significant
associations for rs1335532 (OR=0.83, p=1.97e-04) in CD58 and rs9831894
(OR=0.76, p=5.96e-04) in CD86. As HLA-DRA, CD58, and CD86 are all cell
surface proteins involved in antigen presentation, findings suggest that vitamin
D regulation of antigen presentation may mediate MS risk. A majority (82%)
of the MS-associated VDREs demonstrated specificity to B-lymphocytes,
and none of the identified VDRESs contained the canonical DR3 binding motif.
Replication in an independent dataset of Swedish individuals (6,335 cases;
5,762 controls) is underway. We are performing high-throughput sequencing of
each VDRE in a subset of samples to confirm findings, and conducting ChIP-
seq analysis to identify candidate VDREs specific to T-lymphocytes for further
study. We describe the first results from a comprehensive genomics approach
to characterizing the contribution of vitamin D metabolism in MS. Our findings
also have important implications for cancer and other autoimmune conditions
more broadly, for which vitamin D plays a role.

370W

Shared effect modeling reveals that a fraction of autoimmune disease
associations are consistent with eQTLs in three immune cell types.

S. Chun'23, A, Casparino‘, N.A. Patsopoulos*s¢, D. Croteau-Chonka?’, B.A.
Raby’, PL. De Jager:*ss, S.R. Sunyaev'?3, C. Cotsapas**¢. 1) Division of
Genetics, Brigham and Women's Hospital, Boston, MA; 2) Department of Med-
icine, Harvard Medical School, Boston, MA; 3) Broad Institute of Harvard and
MIT, Cambridge, MA; 4) Department of Neurology, Yale School of Medicine,
New Haven, CT; 5) Department of Neurology, Brigham and Women's Hospital,
Boston, MA; 6) Ann Romney Center for Neurological Diseases, Brigham and
Women's Hospital, Boston, MA; 7) Channing Division of Network Medicine,
Brigham and Women's Hospital, Boston, MA; 8) Department of Genetics, Yale
School of Medicine, New Haven, CT.

The majority of autoimmune disease risk effects identified by genome-wide
association studies (GWAS) localize to open chromatin with gene regulatory
activity. GWAS loci are also enriched for expression quantitative trait loci
(eQTLs), suggesting that most disease risk variants exert their pathological
effects by altering gene expression. However, because causal variants are
difficult to identify and cis-eQTLs occur frequently, it remains challenging to
translate this bulk observation into specific instances of a disease risk variant
driving changes to gene regulation. We developed a new method, JLIM, to
directly evaluate the joint likelihood that a disease association and an eQTL
are due to the same underlying causal variant. We assess its performance by
benchmarking it on simulated data against coloc, a well-calibrated Bayesian
framework that considers spatial similarities of association data across win-
dows of markers. Both methods have excellent performance when two distinct
causal variants are not in LD (AUC=0.99 for both when rz < 0.5), but JLIM
maintains higher specificity as LD between distinct causal variants increases
(AUC = 0.92 vs 0.70 for coloc when 0.7 < r2 < 0.8). We next compared asso-
ciation signals to six autoimmune diseases in 188 loci densely genotyped on
the ImmunoChip to eQTLs from LCLs, CD4*T cells and CD14+ macrophages.
All but 11 loci had at least one eQTL (p < 0.05) in at least one of the three cell
types, with most found in all three tissues. We tested 9,268 pairs of disease
and eQTL associations with JLIM and find evidence for shared effects for
only 57/9,268 pairs (FDR < 0.05), with 43/57 surviving Bonferroni correction.
Rather, JLIM strongly supports the alternative hypothesis for distinct effects for
the other trait pairs. Overall, we find that only a fraction of disease-eQTL pairs
in the same locus are due to the same underlying variant, whereas >75% are
associated to distinct variants in the same locus. Thus, we uncover a fraction
of gene regulatory changes as strong mechanistic hypotheses for disease risk,
but conclude that most risk mechanisms do not involve changes to basal gene
expression.
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Identifying substructure in genetic risk sharing between diseases. L.
Jostins, G. McVean. Statistical Genetics, Wellcome Trust Centre Human
Genetics, Oxford, Oxfordshire, United Kingdom.

While genetic risks for complex human diseases are often shared across
multiple phenotypes, such as disorders of the immune system, this risk
sharing shows complicated substructure. Risk alleles can be associated with
multiple diseases with similar effect sizes or with smaller or opposite effects, or
uniquely with one or a few diseases. Such complexity, along with incomplete
power, makes inferring the exact sharing model for any given locus, and hence
structure in sharing between loci, difficult. To address these problems we pres-
ent a statistical approach which models the underlying biology driving genetic
risk substructure across multiple loci and phenotypes. Motivated by a network
model of shared and potentially pleiotropic risk components, we use a reduced
rank representation of genetic covariance in which each risk allele belongs to
one of a small number of pathways, where each pathway varies in complexity
from simple perfectly correlated effects to more complex covariance models.
The method adjusts the number and rank of pathways to infer the simplest
model that explains observed association summary statistics. Individual loci
are probabilistically assigned to inferred pathways, allowing us to examine
the genes and functions associated with each pathway.Using simulations, we
show the power and accuracy of the method to estimate underlying parame-
ters and choose the correct pathway structure using the Bayesian information
criterion. For example, we have high power to recover the structure of a
3-pathway model under realistic scenarios (100 loci, 5 diseases, 10000 total
samples). We apply the method to association data for LDL cholesterol and
cardiovascular disease (CVD), where we expect a direct causal relationship.
We recover two pathways, a low rank pathway of loci that act on CVD via LDL,
and a pleiotropic pathway that acts on CVD in an LDL-independent fashion.
The genes in these two pathways are overrepresented in differing tissues (liver
for the first, adipose and muscle for the second). We also apply the method to
autoimmune diseases associations to recover significant substructure, includ-
ing a low-rank pathway with opposite effects on type 1 diabetes and multiple
sclerosis.The difficulties of cross-disease analysis scale exponentially with the
number of diseases. In contrast, by providing simplified, biologically interpre-
table models of genetic risk sharing, our method could potentially analyse
shared pathways across hundreds of diseases. .
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Trait agnostic identification of candidate genes associated with noncod-
ing variation. A. Wuster, D. Chang, T. Bhangale. Genentech Inc., South San
Francisco, CA.

The majority of variants identified by genome-wide association studies are
located in noncoding regions and likely act by affecting gene expression.
Variants typically contain multiple genes in the region of linkage disequilibrium
and identifying the causative one is challenging. Many studies assume that
the gene closest to the risk variant is the best candidate, which may often not
be the case. Another approach is to look for associations between the variant
of interest and the expression of nearby genes (eQTLs). In isolation, this
has limitations too as eQTLs are not available for many tissues and disease
states and as most variants are not strongly associated with gene expres-
sion. We have therefore developed a method that identifies the most likely
gene or genes through which variation at a given locus acts. Using a Bayesian
approach, our method integrates eQTL data from the Genome-Tissue Ex-
pression Project (GTEx), recombination data from the HapMap project, and
published Hi-C genome conformation data. For any given locus, our method
returns a list of likely candidate genes together with their relative probabilities.
We compare our method to a previously published approach that made use
of a variety of trait-specific data types to identify candidate genes at 101 rheu-
matoid arthritis risk loci (Okada et al. 2013, Nature 506, 376). Even though
our method is trait agnostic, it identifies the same candidate gene for 84%
of loci for which such a determination is possible. We also apply our meth-
od to 13,000 loci in the NCBI/EBI GWAS catalog and find that the resulting
candidate gene probabilities closely reflect the probability that a gene has
been annotated as a candidate gene in the catalog. This suggests that our
method can accurately identify candidate genes in the majority of cases. While
it is not a substitute for in-depth experimental validation, it can quickly suggest
candidate genes without the need to first collect trait or disease specific data.
In addition to returning candidate gene probabilities for single variants, our
method can identify candidate genes for sets of variants that are in linkage
disequilibrium by integrating the individual probabilities of those variants, thus
making the identification of the most likely causative variant less of a priority.
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KING 2.0: Relationship inference and integrated analysis in one million
samples. W.-M. Chen'z, A. Manichaikul'?, S.S. Rich'z 1) Center for Pubic
Health Genomics, University of Virginia, Charlottesville, VA; 2) Department of
Public Health Sciences, University of Virginia, Charlottesville, VA.

The kinship coefficient between a pair of individuals can be accurately
estimated using their genome-wide SNP data, without estimating the allele
frequencies at each SNP in the whole dataset. Together with implementation
of bit-wise operations that are applied directly on binary coded genotype data,
relationship inference in the first generation of KING has been fast for genetic
datasets consisting of 100,000 or fewer individuals. In order to infer related-
ness and further to provide integrated genetic analyses in the latest genetic
data where the number of individuals can be beyond 1 million, we develop
the second-generation of KING. Three levels of computational speed-up are
implemented in KING 2.0, including: 1) bit-level parallelism; 2) multiple-core
parallelism using OpenMP; and 3) faster algorithms involving a multi-stage
procedure to eliminate unrelated or distantly related pairs of individuals, in
which we first select a subset of highly informative SNPs to obtain first-pass
relationship estimates for all pairs of individuals, and then follow-up using all
SNPs on a small subset of pairs identified in the first stage analysis. One par-
ticular computing technique for further speed-up is to propose computationally
simpler estimators that are upper bounds of the KING estimator. The efficient
implementation in KING 2.0 performs relationship inference in a matter of sec-
onds in a typical dataset (with 10,000 or fewer samples), or a few hours in very
large data consisting of ~1 million samples. This computational efficiency also
applies to integrated genetic analyses that are available in KING 2.0, including
automated pedigree reconstruction, extraction of subset of unrelated individ-
uals, family-based Q/C without relying on reported pedigree data, as well as
association scans for a massive number of phenotypes (e.g., trans- eQTL
analysis). Lastly, we implement a new relationship inference algorithm that
has a similar performance as PC-Relate (AJHG 98:127-148) while still feasible
for very large data. To demonstrate the performance of KING 2.0, we applied
relationship inference on a dataset consisting of 1,002,375 samples (generat-
ed by duplicating a real dataset consisting of 30,375 samples 33 times) each
typed at 168,749 autosome SNPs. It took 2 hour and 13 minutes to identify
all 16,090,272 pairs of duplicates, and 6 hours and 16 minutes to identify all
36,151,830 pairs of first-degree relative and duplicates, using 19 CPU cores.

374T

Mapping abundance of 1,129 serum proteins provides functional insights
for disease risk alleles. J. Maranville, Y. Huang, J. McElwee, U-BIOPRED
Consortium. Genetics and Pharmacogenomics, Merck Research Laboratories,
Boston, MA.

Although disease GWAS have successfully identified thousands of loci
associated with multiple diseases, the molecular mechanisms that underlie
these associations are often unclear. Genetic association studies of molecular
traits, such as protein abundance, complement genetic studies of disease risk
to provide valuable insights into pathobiology. To expand our understanding of
allelic effects on protein abundance traits, we mapped protein quantitative trait
loci (pQTL) using 414 individuals collected as a part of the UBIOPRED study.
Somalogic assays were used to measure the abundance of 1,129 proteins
in serum samples from each participant. This was combined with Axiom array
and imputed genotype data to perform pQTL mapping in cis (defined as vari-
ants <1MB from encoding gene) and in trans (defined as variants >1MB from
encoding gene). We found 269 proteins had at least one significant cis pQTL
at a threshold of FDR<10+. At a Bonferroni-corrected threshold of 5x10-7, we
found that 55 proteins had at least one significant trans pQTL. These included
multiple previously described QTL for protein abundance traits assayed using
other technologies (e.g. ELISA). Additionally, pQTLs overlapped with GWAS
signals for asthma and related phenotypes (e.g. allergy). For example, we rep-
licated a cis-pQTL for the soluble IL-6 receptor that also shows a genome-wide
significant association with asthma. Specifically, asthma risk alleles were
associated with higher levels of soluble IL-6 receptor. This provides additional
support to previous suggestions that inhibitors of the IL-6 receptor would be
effective in treating asthma. Our study also highlighted novel protein-disease
connections. For example, we found a cis-pQTL for the soluble IL-18 receptor
a that overlaps a GWAS signal for asthma risk, with disease risk alleles also
associated with higher levels of this protein. This suggests that inhibition of
IL-18 receptor a could be a promising strategy for the development of novel
asthma therapeutics. Overall, our results massively expand on previous stud-
ies by identifying QTL for hundreds of proteins and provide important insights
into proteomic effects of disease risk alleles.
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Identification of SLE-associated risk variants in the STAT7-STAT4 locus
and their effect on differential transcription factor binding. Z.H. Patel’, X.
Luw?, D. Millers, E. Zoller, M. Weirauch®+, K. Kaufmanz*s, J.B. Harley*s, L.C. Kot-
tyan®s, SLEGEN Consoritum & Collaborators. 1) Cincinnati Children's Hospital
Medical Center, Cincinnati, OH; 2) Immunology Graduate Program, College
of Medicine, University of Cincinnati, Cincinnati, OH; 3) Center for Autoim-
mune Genomics and Etiology, Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH; 4) Department of Biomedical Informatics, College of Medicine,
University of Cincinnati, Cincinnati, OH; 5) Department of Veterans Affairs,
Veterans Affairs Medical Center — Cincinnati, Cincinnati, OH, USA.

Systemic Lupus Erythematosus (SLE or lupus) is a chronic autoimmune
disease with debilitating inflammation that affects multiple organ systems. The
STAT1-STAT4 locus is one of the first and most highly replicated genetic loci
associated with SLE risk. In this study, we aimed to identify all the SLE-asso-
ciated common variants at this locus most likely to be causal and to further
identify the biological mechanism mediating the increased disease risk. We
genotyped 328 SNPs spanning the STAT1-STAT4 locus in 13,581 subjects
representing four ancestral groups. We performed imputation and applied
frequentist and Bayesian statistical analyses to identify the individual variants
statistically most likely to causally increase lupus risk. We further used a
separate larger African-American study to generate an Ancestry Informed
Credible Set (AICS) of four variants. We computationally predicted differential
transcription factor (TF) binding of AICS variants and identified the AT-hook
family of TFs as a strong candidate for three of the four AICS variants. After
identifying AT-hook family member HMGA1 as binding to rs11889341 through
DNA Affinity Precipitation Assay (DAPA) followed by mass spectrometry, we
confirmed binding of HMGA1 to two of four AICS variants with genotype-de-
pendent binding by DAPA and Electrophoretic Mobility Shift Assay. In summa-
ry, we used large genetic datasets to identify a set of variants that are most
likely to be causal for the STAT1-STAT4 association with increased lupus risk
and identified a potential disease-risk mechanism in which HMGA1 differential-
ly binds three genetic variants in a lupus-risk haplotype.

376W
Quantifying directional effects of transcription factor binding on
polygenic disease risk using GWAS summary statistics. Y. Reshef, H.
Finucanes, A. Gusev?, J. Ulirsch?, B. van de Geijn?, S. Grossman®, P. Loh?,
G. Bhatia?, S. Gazal’, P. Palamara?, N. Patterson, L. Dickers, L. Pinello®, R.
Adams’, A. Pricez 1) Computer Science, Harvard University, Cambridge, MA;
2) Epidemiology, Harvard School of Public Health, Boston, MA; 3) Mathemat-
ics, Massachusetts Institute of Technology, Cambridge, MA; 4) Broad Institute
of MIT and Harvard, Cambridge, MA; 5) Statistics and Biostatistics, Rutgers
University, New Brunswick, NJ; 6) Biostatistics and Computational Biology, Da-
na-Farber Cancer Institute and Harvard School of Public Health, Boston, MA.
Connecting complex traits to specific transcription factors (TFs) represents
an important path toward better mechanistic understanding of human disease.
Existing genetic approaches to this problem focus on functional enrichment,
e.g. evaluating whether SNPs in or around binding sites of a TF are enriched
for heritability of a trait or over-represented among top GWAS SNPs. However,
these approaches a) have limited power to detect enrichment at the resolution
required for TF binding sites, and b) have limited mechanistic interpretability
because TF binding may simply mark areas of the genome, such as certain
enhancers or gene sets, whose importance for the trait is not directly related
to the TF in question. To overcome these limitations we define a signed pop-
ulation quantity, functional correlation, which quantifies the extent to which the
signed effect of SNPs on disease risk is correlated with their signed effect on
TF binding. We introduce a method, FCor, that estimates functional correlation
from GWAS summary statistics and provides closed-form standard errors for
assessing significance. FCor can be viewed as a maximum-likelihood estimate
of the genetic correlation between total TF binding and the phenotype in
question, in a model in which SNP effects are fixed rather than random. Our
simulations show that FCor attains higher power than unsigned functional
enrichment approaches given accurate information about the direction of SNP
effects on TF binding, and that FCor provides unbiased estimates of functional
correlation and controls type | error. We applied FCor to analyze the rela-
tionship of the transcription factor NFkB to rheumatoid arthritis (RA). Using
RA summary statistics (N=38,242) together with an annotation of 4,805 NFkB
occupancy-modifying SNPs, we found that the polygenic burden of alleles
increasing NFkB occupancy is positively correlated with RA risk (p < 7.9x10-).
This finding translates into a genetic correlation of 3.2% (s.e. 0.97%) between
total NFkB binding and RA, and is consistent with biomedical literature sug-
gesting that increased NFkB activity is a component of RA pathogenesis. To
our knowledge this has not previously been demonstrated using GWAS data
and so our result constitutes new evidence for a mechanistic link between
NFkB and RA. Our work illustrates the potential of functional correlation for im-
proving understanding of human disease, and we plan to apply this framework
to tens of phenotypes and TFs.
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Effect of some genetic variants changes over time post transplant on
tacrolimus concentrations. B. Wu', W. Guan’, D. Schladt, K. Sanghavié, C.
Dorr;, A. Muthuswamy?, R. Remmel, R. Mannon, A. Matass, A. Israniz, W. Oet-
ting®, P. Jacobson®, DeKAF Genomics Investigators. 1) Division of Biostatistics,
University of Minnesota, Minneapolis, MN; 2) Minneapolis Medical Research
Foundation, Minneapolis, MN; 3) Experimental and Clinical Pharmacology,
University of Minnesota, Minneapolis, MN; 4) Division of Nephrology, Uni-
versity of Alabama, Birmingham, AL; 5) Department of Surgery, University of
Minnesota, Minneapolis, MN.

Previously we identified three genome-wide significant CYP3A5 variants
(*3, *6, and *7) associated with the tacrolimus troughs (TT) in a GWAS of
African American (AA) kidney transplant (tx) recipients (Oetting et al., Am J
Transplant, 2016). When we estimated the regression coefficients of genotype
at each time point posttx for these three variants, overall we found that the
variants have non-constant effects on the TT over time posttx. We observed
the largest changes of effects in the early days (day 1 to around week 3).
Therefore we analyzed in detail our GWAS data with a new statistical model
allowing for potentially non-constant variant effects. We evaluated dose-nor-
malized TT and 426,960 common variants (MAF>0.05) genotyped using an
Affymetrix TxArray, adjusting for age, gender, study center, top four ancestry
principal components, and a set of previously identified important clinical
variables. TT from 318 AA kidney tx recipients from three study centers in
the DeKAF Genomics study were in the discovery cohort. Each recipient had
multiple TT measurements (range 1-24, median 18) posttx from week 1 to
month 6. We then validated the variants in a cohort of 35 AA samples from
another two study centers. We identified 23 variants that passed genome-wide
significance (P<5x10-) in the discovery cohort, and had test p-values P<0.01
in the validation cohort. When assuming constant genotype effects, we only
identified 3 (located in CYP3A5 on chromosome 7) of the 23 significant
variants. We identified variants that have varying effects over time on TT in
AA recipients. Understanding and accounting for variants with changing effect
sizes over time will allow for more precise tacrolimus dosing.

378F

Integrative whole genome sequencing and metabolomics networks in
asthmatics identifies sphingolipid metabolites, genes, and networks
associated with asthma severity. J. Lasky-Su’, R. Kelly', J. Hecker?, H. Fier:,
D. Prokopenko?, J. Celedon?, C. Lange*, S. Weiss's, IMPACT consortium. 1)
Channing Division of Network Medicine, Brigham & Women's Hospital and
Harvard Medical School, Boston, MA; 2) Institute of Genomic Mathematics,
University of Bonn, Bonn, Germany; 3) Children's Hospital of Pittsburgh and
University of Pittsburgh School of Medicine, Pittsburgh, PA; 4) Harvard School
of Public Health, Boston, MA; 5) Partner's Healthcare Personalized Medicine,
Brigham and Women's Hospital, Boston, MA.

In the U.S., asthma affects 26 million people and leads to estimated annual
costs exceeding $12.7 billion. Given its strong public health impact, identi-
fying key molecular determinants of asthma remains an important priority in
translational science. The genetic determinants identified for asthma to date
explain only a fraction of the estimated heritability. Metabolomic profiling
enables a functionally relevant exploration of the relationships between the un-
derlying genetic and environmental disease risk factors. We studied a cohort
of children with asthma from Costa Rica (CR), which is rich in environmental
and clinical measurements relevant to asthma. We generated comprehensive
metabolomic profiling in 381 asthmatic children and whole- genome sequence
(WGS) data on 1100 individuals from these CR families. For the WGS family
data, novel family-based analytic methods that incorporate both individual vari-
ant and “region-based tests” , identifying several asthma-associated regions
that met genome-wide significance. The most significant finding is in the 5’
region of PDE4DIP on chromosome 1, the interacting protein for PDE4D, one
of the first validated genes for asthma (p=5.9x10+). A total of 8185 metabolite
features that covered a broad range of the metabolome were measured and
passed QC in the 381 plasma samples. A total of 583 (7%) of features, most
of which were free fatty acids and bile acids, were associated with asthma se-
verity, defined by airway hyper-responsiveness to methacholine (p<0.01). The
inclusion of a summary score based on these features (AUC: 0.685 (95%Cl
0.625, 0.747)) significantly outperformed a baseline model in discriminating
asthma cases by their degree of severity (p=0.004). This profile was enriched
for metabolites of the sphingolipid, linoleic acid, arginine and proline metab-
olism and fatty acid biosynthesis pathways. To assess the interrelationships
between genes and metabolites, we used a systems biology approach to inte-
grate WGS and metabolomic data, both on an individual variant and pathway
levels to identify a set of metabolites and genes that influence asthma. Find-
ings in the aforementioned metabolites, genes, and pathways were validated
using 3 populations, including 2 asthma birth cohorts and an asthma clinical
trial. Taken together, these findings demonstrate the power of integrating WGS
and metabolomics data together in the development of biomarkers of asthma
severity and in the understanding of disease pathogenesis.
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Admixture mapping of kidney traits in the Hispanic Community Health
Study/Study of Latinos (HCHS/SOL). L. Brown', T. Thornton', N. Franceschi-
niz. 1) Biostatistics, University of Washington, Seattle, WA; 2) Epidemiology,
University of North Carolina at Chapel Hill, Chapel Hill, NC.

Chronic Kidney Disease (CKD) affects approximately 14.5% of the adult
U.S. population, with a high burden occurring among racial/ethnic minorities,
including Hispanics. Albumin—creatinine ratio (ACR) is a quantitative measure
of kidney function. Admixture mapping is a method for disease gene mapping
in admixed populations that leverages allele frequency differences in ancestral
reference populations to identify an association with locus-specific local
ancestry. We implement a linear mixed model framework to perform admixture
mapping of ACR in subjects from the Hispanic Community Health Study/Study
of Latinos (HCHS/SOL). We identify a strong Amerindian ancestry driven as-
sociation on chromosome 2 spanning q11.2-14.1, that is not found by GWAS.
Our findings suggest the presence of ancestry-specific variants influencing the
variation of urine albumin in admixed populations such as Hispanics.

380T

Genetic polymorphisms of PNPLA3 and SAMMS50 gene are associated
with severity of nonalcoholic fatty liver disease in Koreans. G. Chung’, Y.
Lee’, J. Yim', M. Kwak', C. Lee’, E. Choe’, J. Lee?, J. Kim?, H. Jang?. 1) Seoul
National University Hospital Gangnam Healthcare Center, Seoul, South Korea;
2) DNA Link, Inc., Seoul, Korea.

Background/Aims: Nonalcoholic fatty liver disease (NAFLD) is the most
common liver disease. The development of NAFLD is associated with multiple
genetic factors, environmental factors and lifestyle. Methods: We performed
a genome-wide association study to identify genetic factors related to NAFLD
in large Korean population based samples of 1,593 subjects with NAFLD and
2,816 controls using the Affymetrix Axiom® Customized Biobank Genotyping
Arrays. We replicated the data in another sample including 744 subjects with
NAFLD and 1,137 controls. In addition, we investigated SNPs related to sever-
ity of ultrasonography-diagnosed fatty liver and NAFLD with increased levels
of alanine aminotransferase (ALT). Results: After adjusting for age, sex and
body mass index, rs738409 located in the PNPLA3 gene, a locus previously
reported, was validated in our population (p=1.7 x 10-5; OR, 1.54 in the dis-
covery set and p=2.6 x 10, OR, 1.54 in the replication set). Rs12483959 and
rs2281135 were in strong linkage disequilibrium (LD) (r2=0.978 and 0.936)
and showed significant associations (p=5.8 x 10-%; OR, 1.53 and p=9.7 x 10-%5;
OR, 1.52, in the discovery set and p=1.3 x 10 OR, 1.56 and p=1.3 x 107
OR, 1.51, in the replication set). Rs2143571, rs3761472 and rs2073080 in
the SAMMS50 gene were in strong LD (r2=0.932 and 0.996) and also showed
significant associations with NAFLD (p=1.9 x 10; OR, 1.43; p=2.2 x 10"; OR,
1.43; and p=2.7 x 10; OR, 1.43, respectively in the discovery set and p=5.9
x 107; OR, 1.48; p=3.3 x 107; OR, 1.49; and p=7.8 x 107; OR, 1.47, respec-
tively in the replication set). Additionally, these six SNPs showed significant
associations with severity of fatty liver (p=2.9 x 10; p=2.0 x 10%; p=3.3 x 10,
p=1.8 x 10-5; p=1.6 x 10-» and p=3.8 x 105, respectively in the discovery set
p=1.3 x 10, p=3.7 x 10%; p=3.2 x 10%, p=5.7 x 107, p=1.3 x 107 and p=6.1 x
107, respectively in the replication set) and NAFLD with elevated levels of ALT
(p=8.4 x 10-7; p=3.3 x 10-5; p=5.9 x 10-%; p=1.7 x 10-%; p=9.7 x 10-# and p=2.3
x 102, respectively in the discovery set p=1.4 x 107; p=7.8 x 10%; p=1.1 x 10;
p=1.7 x 10%; p=1.1 x 10 and p=1.5 x 10+, respectively in the replication set).
Conclusions: We demonstrated that the PNPLA3 gene and SAMM50 gene
are strongly associated with the presence and severity of NAFLD in Korean
population. These findings confirm important roles of genetic factors in the
pathogenesis of NAFLD.
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Genome-wide SNP interaction analysis suggests polygenic regulatory
effects on bone density among adult survivors of childhood cancer. C.
Im, C.L. Wilson?, K.K. Ness?, W. Moon?, S.C. Kastes*, W. Chemaitilly:, M.M.
Hudsonz#, L.L. Robisonz, Y. Yasui'2 1) School of Public Health, University of
Alberta, Edmonton, Alberta, Canada; 2) Department of Epidemiology and
Cancer Control, St. Jude Children’s Research Hospital, Memphis, TN; 3)
Department of Radiological Sciences, St. Jude Children’s Research Hospi-
tal, Memphis, TN; 4) Department of Oncology, St. Jude Children’s Research
Hospital, Memphis, TN; 5) Division of Endocrinology, Department of Pediatric
Medicine, St. Jude Children’s Research Hospital, Memphis, TN.

Interaction between genetic regulatory elements that modulate gene ex-
pression may explain some of the heritability that remains uncharacterized for
many complex diseases and traits. We explored this hypothesis among child-
hood acute lymphoblastic leukemia (ALL) survivors for whom bone mineral
density (BMD) may be reduced following cancer treatments received in child-
hood. We analyzed genotype data from 856 adult survivors of ALL (=10 years
from cancer diagnosis) to find SNP interaction patterns associated with age-
and sex-standardized lumbar spine BMD Z-scores measured via quantitative
computed tomography. After restricting SNPs to exclusively retain those in the
regions of promoters and enhancers using ChromHMM regulatory states, our
final genome-wide SNP set included 115,793 SNPs. We used a novel algo-
rithm for chromosome-wide learning based on logic regression, an adaptive
regression methodology that stochastically searches the space of fixed size in-
teractions, to select the best 3-SNP interaction patterns. These interaction pat-
terns, or 3-SNP Boolean logic trees, represent biologically plausible necessary
or sufficient interaction conditions linked to BMD levels, accounting for sex, an-
cestry, and cumulative cancer treatment dosages. Our algorithm was applied
to each chromosome, sequentially selecting 3-SNP Boolean logic trees con-
ditioned on previously selected trees. We used 1,000 permutations to assess
the statistical significance of each tree considering its selection order. This
algorithm yielded eight 3-SNP trees with permutation-based p-values<0.05, of
which five trees were validated in an independent sample of 1,428 non-ALL
childhood cancer survivors, either as main or treatment interaction effects.

All validated trees featured enhancer and promoter SNPs, none of which
achieved genome-wide significance as single SNPs. The validated tree with
the strongest statistical evidence of interaction was on chromosome 12 (mean
BMD deviation, conditioned on first tree=1.72 SD, P=2.87x10-). This tree may
modify methotrexate-related effects on BMD (P=0.02, non-ALL) and implicates
interactions between regions regulating the activities of PFDN5 (repressor of
c-Myc), ANO2 (encodes CaCCs), and DYRK4 (dual specificity kinase family
member) to jointly affect BMD. In summary, our study demonstrates the utility
of interaction association analyses in revealing new regulatory-element/gene-
gene interaction mechanisms associated with complex traits.

382W

Two amino acids in HLA-B explain majority of the associations between
HLA and cutaneous adverse drug reactions induced by phenobarbi-
tal and phenytoin in Japanese population. 7. Ozeki’, T. Mushiroda’, A.
Takahashiz, M. Kubo®. 1) Laboratory for Parmacogenomics, RIKEN Center for
Integrative Medical Sciences, Yokohama, Japan; 2) Laboratory for Stastical
Analysis, RIKEN Center for Integrative Medical Sciences, Yokohama, Japan;
3) RIKEN Center for Integrative Medical Sciences, Yokohama, Japan.
Anticonvulsants phenobarbital (PB) and phenytoin (PHT) are known to show
incidences of cutaneous adverse drug reactions (CADRs) including Ste-
vens-Johnson syndrome (SJS), toxic epidermal necrolysis (TEN) and drug-in-
duced hypersensitivity syndrome (DIHS). To identify a gene(s) susceptible to
PHT and PB-induced cADRs, we conducted a genome-wide association study
(GWAS) and subsequent HLA typing in 22 cases of PB and PHT-induced
cADRs (consist of 10 PB, 10 PHT and 2 PB / PHT treated patients) and 880
subjects of a general population in Japanese (GWAS) or 751 subjects of PB/
PHT tolerant (HLA typing). Among the SNPs analyzed in the GWAS followed
by imputation, 5 SNPs showed significant association with PB and PHT-in-
duced cADRs, and rs34341880 showed the smallest P-value for association
with PB and PHT-induced cADRs (additive model, P = 3.7 x 10-"; dominant
model, P = 4.8 x 10-©). These SNPs were located in the HLA-B loci. Thus,
we genotyped the individual HLA-B alleles and found that HLA-B*13:01 was
present in 31.8% (7/22) of the cADR cases, but in 2.0% (15/751) of the toler-
ant controls (OR =22.9, 95% CI = 8.2-64.3, P = 7.0 x 10”). By the conditional
analysis for the HLA-B amino-acid sequences, the most significant association
was observed at a haplotype Leu145-Ala158 (corresponding to HLA-B*13:01
and B*13:02; OR = 19.9, 95% CI = 7.5-52.5, P = 3.2 x 107), followed by
another haplotype Arg145-Thr158 (corresponding to HLA-B*38:01, B*38:02,
B*39:01, B*39:02, B*39:04 and B*67:01; OR = 6.2, 95% Cl = 2.6-15.1, P=2.1
x 10). These two haplotypes showed the independent associations with PB
and PHT-induced cADRs and the sum of them possessed the largest effect
size (OR = 14.8, 95% CIl = 5.9-37.2, P = 6.0 x 10*). Comparison of genotypes
of the HLA-B and the marker SNP rs34341880 in all subjects revealed that
the sum of these two haplotypes (corresponding to the 8 HLA-B alleles) was
in strong linkage disequilibrium (LD) with the T allele of rs34341880 (r2 =
0.95, D’ = 1.00). This work was supported by JSPS Core-to-Core Program, A.
Advanced Research Networks.
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GRIP1 and SRGAP1 as top candidate loci in extended multiplex autism
families. P.L. Whitehead', S. Luzi', L. Gomez', A.J. Griswold', H.N. Cukier, J.
Jaworski, S. Slifer', J.R. Gilbert'2, M.L. Cuccaro*?, E.R. Martin'2, J.I. Haines?,
M.A. Pericak-Vance®. 1) Hussman Institute for Human Genomics, University
of Miami, Miami, FL; 2) John T. MacDonald Foundation Department of Human
Genetics, University of Miami, Miami, FL; 3) Department of Epidemiology

and Biostatistics, Institute for Computational Biology, Case Western Reserve
University School of Medicine, Cleveland, OH.

Autism spectrum disorder (ASD) is a highly heritable and prevalent neu-
rodevelopmental condition with a demonstrated high heritability but with a
complex genetic architecture. While genetic studies to date, including common
variant genome wide association studies and rare variant identification with
whole exome sequencing, have identified more than 100 candidate genes and
genomic loci, they have failed to explain all of the underlying genetic risk for
ASD. In order to more fully investigate the genetic etiology of ASD, we have
ascertained a unique resource of 86 families of European ancestry with multi-
ple avuncular pairs of individuals with ASD across well characterized extended
pedigrees. We hypothesize that in families of this type linkage studies will be
a powerful tool to identify genomic risk loci. All individuals were genotyped
on either the lllumina HumanHap550 or lllumina Human1M genome-wide
genotyping platforms. Extensive parametric 2-point and parametric multipoint
linkage was performed using MERLIN software followed by extensive data
cleaning (Merlin and Pedwipe), LD pruning (r2=0.16), and manual inspection
of potential double recombinants using the Progeny software. The two point
parametric analysis indicated linkage at 31 autosomal loci with HLOD >3.3. Of
these, highest significance was found at 12q14 and 15g21 loci with HLOD>5.4
and HLOD>3.5, respectively. Multipoint parametric analysis supported
these findings. A 3Mb region of 12q14 showed an HLOD>2.5 and covers 26
genes[Office1] . A 1Mb region on 15921 showed an HLOD>2.2 and covers
eight genes. In order to refine these results, we used identity by descent
sharing to narrow the linkage peaks to ~400kb on each chromosome. Among
the genes contained in the linkage peaks are ASD candidate genes GRIP1
and SRGAP1 on chromosome 12 and a neuronal specific glycosidase enzyme
LCTL on chromosome 15. Examination of existing whole exome sequencing
data of both ASD and non-ASD individuals in these families did not reveal
segregating coding variants that could explain the linkage signals. Therefore,
follow-up custom targeted sequencing covering noncoding regions in the ge-
nome to identify segregating nonconding, regulatory variants is underway and
will be presented[Office2] . Overall, this approach demonstrates the power of
linkage in unique, extended ASD pedigrees and suggests a role for regulatory
variants on chromosome 12 and 15 in the genetic etiology of ASD. .

384F
Predicting age of onset in multiple sclerosis patients: RGS74, CD40,
and HLA-DRB1*15:01 carriers are four years younger. M.F. George', Y.
Natanzon? F.B.S. Briggs®. 1) Public Health, Dominican University of California,
San Rafael, CA; 2) Institute of Computational Biology and the Department of
Epidemiology and Biostatistics, School of Medicine, CWRU, Cleveland OH.
Epidemiologic evidence suggests a genetic component to multiple sclerosis
(MS) clinical presentation. Previous research shows HLA-DRB1*15:01 (DR2),
the primary MS risk allele, is associated with earlier onset age. However, other
genetic determinants of MS onset may also determine age of onset; therefore
we hypothesize that increasing copies of the established risk alleles for genic
MS variants predict earlier age of onset. There were 1,113 non-Hispanic
white participants in the Accelerated Cure Project for Multiple Sclerosis with
a comprehensive medical history and genotypic data. After removing genetic
outliers and related individuals, 1,088 were available for analyses; all of whom
had adult onset MS with mean onset age 33.4 yrs (SD=9.8). The sample was
78% females, 11% with a family history of MS, 94% relapsing presentation,
and 33% ever smokers before onset. There was 280% power to detect 1.75
year change for MAF210% and 1.25 years for MAF225%. Therefore 49 of
the 63 known non-MHC SNPs (MAF=10%) were tested. Given the hypothe-
sis, we imposed a Bonferronicorrected 1-sided a (p<0.002). Disease course
and smoking history were associated with onset age, thus all models were
adjusted for these variables and ancestry. Consistent with prior findings, DR2
(rs3135388A) was significantly associated with onset age (p=0.0055); cases
were 1.8 years younger per risk allele. Cases were 1.3 years younger per
CD40 (p=0.0009) and RGS14 (p=0.002) risk allele. A score summing DR2,
CD40 and RGS14 significantly predicted earlier onset (p=9.6x10-). Individuals
were on average 1.3 years younger per risk allele. Those with at least one risk
allele (89%) were four years younger than cases with zero copies (p=2x10+;
33 vs 37 years). Genetic risk score of all 50 or the remaining 47 variants were
not associated with onset age. Genotyping of 250 white and 100 African Amer-
ican ACP participants are underway for replication analyses. These results
are intriguing, suggesting specific MS risk variants may be associated with
earlier onset age. CD40 is a costimulatory protein found on antigen presenting
cells and is required for their activation. Conversely RGS74 is enriched in CA2
pyramidal neurons and suppresses synaptic plasticity. The findings suggest
both inflammatory and neurodegenerative processes may contribute to earlier
onset of MS. Replication is warranted, however if these findings are confirmed,
the SNPs may contribute to the development of MS diagnostic tools. .
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Analysis of large-scale whole exome sequencing data to determine the
prevalence of genetically-distinct forms of neuronal ceroid lipofuscino-
sis. J. Xing', E. Gedvilaite', Y. Zhang', P. Lobel, D. Sleat’. 1) Department of
Genetics, Rutgers Univ, Piscataway, NJ; 2) Center for Advanced Biotechnol-
ogy and Medicine and Department of Biochemistry and Molecular Biology,
Rutgers Univ, Piscataway, NJ.

The neuronal ceroid lipofuscinoses (NCLs) are a group of fatal neurode-
generative lysosomal storage diseases. While clinically similar, they are
genetically distinct and result from mutations in at least twelve different genes.
Estimates of NCL incidence range from 0.6 to 14 per 100,000 live births but
vary widely between populations and are influenced by whether patients are
classified based upon clinical or genetic criteria. We investigated mutations in
twelve NCL genes in ~61,000 individuals represented in the Exome Aggrega-
tion Consortium (ExXAC) whole exome sequencing database. Variants were ex-
tracted from ExAC and pathogenic alleles differentiated from neutral polymor-
phisms using annotated variant databases and missense mutation prediction
tools. Carrier frequency was dependent on ethnicity, with the highest (1/75)
observed for PPT1 in the Finnish. When data are adjusted for ethnic diversity
within the USA, PPT1, TPP1 and CLN3 carrier frequencies were found to be
the highest of the NCLs, each at ~ 1/400. Carrier frequencies calculated from
EXAC correlated well with incidence estimated from numbers of living NCL pa-
tients in the US. In addition, the analysis identified numerous variants that are
annotated as pathogenic in public repositories but have a predicted frequency
that is not consistent with patient studies. These variants appear to be neutral
polymorphisms that are reported as pathogenic without validation. Based upon
literature reports, such alleles may be annotated in public databases as patho-
genic and this propagates errors that can have clinical consequences.

386T

Epigenome-wide association study of delayed cerebral ischemia in
stroke patients. A. Arockiaraj, T.A. Koleck, J.R. Shaffer, PR. Sherwood,
E.A. Crago, S.M. Poloyac, D.E. Weeks, Y.P. Conley. University of Pittsburgh ,
Pittsburgh, PA.

Aneurysmal subarachnoid hemorrhage (aSAH) is a form of stroke leading to
severe patient outcomes including morality, cognitive impairment, functional
disability, and emotional dysfunction. Variability in recovery and development
of chronic complications is thought to be negatively impacted by delayed
cerebral ischemia (DCI; insufficient blood flow to the brain), which may occur
in patients 4 to 10 days following aSAH. Though little is known about the
pathophysiology of DCI and its role in the development of chronic complica-
tions, dynamic methylomic changes occur during the period following brain
injury, and DNA methylation is associated with ischemic tolerance in brain tis-
sue. We hypothesize that epigenetic changes post-injury lead to differences in
methylomic profiles between patients that go on to develop DCI and those that
do not. Moreover, we hypothesize that these epigenetic changes occur in key
genes and/or biological pathways related to recovery and chronic complica-
tions. To investigate these hypotheses, we performed parallel epigenome-wide
association studies for DCI in 86 blood samples (from 43 DCI cases and
43 controls) and 66 cerebrospinal fluid samples (from 28 DCI cases and 38
controls) collected from patients 1 day after aSAH. Whole-genome methylation
data were collected using the lllumina HumanMethylation450K BeadChip.
Surrogate variable analysis was used to remove variation due to unknown
confounding factors (e.g., distributions of cell types and batch effects). After
correction for multiple testing, no significant results were obtained in the CpG
site-specific tests for differential methylation in either of the two samples, sug-
gesting that soon after aSAH, methylation differences may not be associated
with future DCI events. Results of bump-hunting for differentially methylated
regions spanning multiple CpG sites, which may be more powerful, will be
presented. In conclusion, this study provides preliminary characterization of
the methylomic profiles of cerebrospinal fluid in aSAH patients. Additional work
is needed to understand how these methylomic profiles change across time
post-injury, which specific regions are associated with DCI, and whether DNA
methylation biomarkers may ultimately be useful for predicting aSAH recovery
outcomes. ROTNR013610.
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Whole exome sequencing of early-onset Alzheimer disease highlights
candidate risk genes involved in endocytosis. B.W. Kunkle’, B.N. Vardara-
janz, A.C. Najs, P.L. Whitehead', S. Rolati', S. Slifer', E.R. Martin', J.R. Gilbert',
C. Reitz, J.L Haines*, G.W. Beecham', G.D. Schellenberg®, R.P. Mayeux?,
M.A. Pericak-Vance', The Alzheimer's Disease Genetics Consortium. 1) Hus-
sman Institute for Human Genomics, University of Miami, Miami, FL; 2) Taub
Institute of Research on Alzheimer's Disease, Columbia University, New York,
NY; 3) Perelman School of Medicine, University of Pennsylvania, Philadelphia,
PA; 4) Institute for Computational Biology, Case Western Reserve University,
Cleveland, OH.

Introduction. Mutations in APP, PSEN1 and PSENZ lead to early-onset
Alzheimer disease (EOAD). These mutations account for only ~11% of EOAD
overall, leaving the majority of genetic risk for the most severe form of Alzhei-
mer disease (AD) unexplained. This extreme phenotype likely harbors highly
penetrant risk variants however, and thus represents an excellent resource for
discovery of novel risk genes and pathways for AD. Methods. We performed
Whole-Exome Sequencing (WES) in 53 Non-Hispanic White (NHW) EOAD
cases (Age-at-onset (AAO) < 65) previously screened negative for APP,
PSEN1, and PSEN2 to search for rare variants contributing to risk for EOAD.
Variant filtering for rare, damaging (CADD Phred Score = 15) nonsynonymous
or loss-of-function (LOF) variants (MAF<0.1%) was performed, using familial
segregation data if available. Followup of a) variants in two or more NHW
cases, b) genes with variants in the same gene for two or more NHW cases
and c) candidate variants and genes present in 19 Hispanic EOAD WES fam-
ilies, was conducted in an Alzheimer’s Disease Genetics Consortium (ADGC)
cohort of 1,292 EOAD cases (AAO <= 65), 7,087 late-onset AD (LOAD) cases
(AAO > 65) and 6,889 controls (Age-at-exam = 65) genotyped with the lllumina
exome chip. Results. We identified 108 rare, damaging nonsynonymous or
LOF variants in two or more EOAD cases, of which 43 were available on the
exome chip. Among these, we found a missense variant in the endosomal
trafficking gene RUFY1 associated with EOAD (P=0.0038). Gene-based
testing (SKAT-O) revealed several genes associated with EOAD including
PSD2 (P=0.001), which was also associated with risk of LOAD in the ADGC
cohort (P=6.2x10+¢). Additionally, a damaging missense variant in the gene
TCIRG1 was present in both NHW and Hispanic EOAD WES cohorts, was
more frequent in cases than controls (MAF = 0.0032 and 0.0014, respectively)
in the ADGC EOAD cohort (P=0.059), and was significant in the ADGC LOAD
cohort (P=0.0065). PSD2 and TCIRG1 are also involved in endocytosis, a pro-
cess known to be important to development of AD through the gene SORL1.
Multiple brain expression datasets show all three genes to be differentially
expressed in AD. Conclusions. WES of EOAD identified novel candidate en-
docytic genes for EOAD, two of which are shared risk genes between EOAD
and LOAD, a phenomena previously discovered for genes such as SORL1,
PSEN2 and TREM2.
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High-resolution imputation of rare variants identifies novel rare variant
candidate loci in late-onset Alzheimer’s disease: The Alzheimer’s Dis-
ease Genetics Consortium. A.C. Naj', Y. Zhao?, L. Qu?, S.J. van der Lee?,
K.L. Hamilton-Nelson*, B.W. Kunkle*, A. Kuzmaz, O. Valladares?, C. Reitzs,
G.W. Beechanv, E.R. Martins, L.-S. Wang?, J.L. Haines®, R. Mayeuxs, L.A. Far-
rer’, M.A. Pericak-Vance‘, G.D. Schellenberg?, Alzheimer's Disease Genetics
Consortium. 1) Department of Biostatistics and Epidemiology, University of
Pennsylvania Perelman School of Medicine, Philadelphia, PA; 2) Department
of Pathology and Laboratory Medicine, University of Pennsylvania Perelman
School of Medicine, Philadelphia, PA; 3) Department of Epidemiology, Eras-
mus University Medical Centre, Rotterdam, Netherlands; 4) John P. Hussman
Institute for Human Genomics, Miller School of Medicine, University of Miami,
Miami, FL, USA; 5) Gertrude H. Sergievsky Center, College of Physicians
and Surgeons, Columbia University, New York, NY, USA; 6) Department of
Epidemiology and Biostatistics, School of Medicine, Case Western Reserve
University, Cleveland, OH, USA; 7) Departments of Medicine, Neurology,
Ophthalmology, Genetics & Genomics, Epidemiology, and Biostatistics, School
of Medicine, Boston University, Boston, MA, USA.

The largest genome-wide association study (GWAS) to date for late-on-
set Alzheimer Disease (LOAD) identified 19 susceptibility loci in addition
to APOE, the majority of which were common variant associations (minor
allele frequency (MAF)>0.05). The Haplotype Reference Consortium (HRC)
recently released a reference panel of 64,976 haplotypes with 39,235,157
SNPs allowing imputation down to an unprecedented MAF=0.00008 to test
association of very low frequency variants. To identify novel rare variant
associations, ADGC imputed 33 case-control, family, and prospective datasets
including 14,743 cases and 15,871 non-cases to the HRC reference panel
(8/15 release) using Minimac3 on the University of Michigan Imputation
Server, with an average 39,216,773 genotyped or imputed SNVs per dataset.
Logistic regression on common variants (MAF>0.01) was performed using
imputed genotype probabilities in PLINKv1.9 (generalized linear mixed model
in R were used for family-based datasets) and meta-analyzed in METAL,
while rare variants (MAF<0.01) were analyzed using score-based tests and
meta-analysis in the SeqMeta/R package; both analyses adjusted for age,
sex, and population substructure. Preliminary analyses identified five loci with
P<5x10¢in known GWAS candidate loci (APOE, BIN1, the MS4A region,
PICALM, and CR1), consistent with previous associations in these data. An
additional 13 loci demonstrated multiple single variant associations with P<10-
s, including variants at two prior GWAS loci, rs13155750 in MEF2C (OR(95%
ClI): 1.13(1.08,1.20); P=5.09x10+) and rs755951 in PTK2B (OR(95% Cl):
1.11(1.06,1.16); P=5.61x10-*). Novel associations observed include signals at
LILRAS5 (19:54821819; OR(95% Cl): 1.14(1.08,1.20); P=4.84%107), known to
be involved in innate immunity pathways; and at SMOX (rs1884732; OR(95%
Cl): 1.11(1.06,1.17); P=5.17%10-), which is involved in the catabolism of
polyamines, levels of which are altered in AD brains. Score test analyses
of rare variants identified a novel association at CUTC (chr10:101510468,
MAF=0.002; OR(95% ClI): 0.27(0.17,0.43); P=4.57x10%), a chromosome 10
copper homeostasis gene proximal to the AD-implicated gene DNMBP. Repli-
cation analyses and functional follow-up are underway; results will be present-
ed. Several novel candidate loci for LOAD were identified using high-quality
imputation of rare variants in the ADGC, demonstrating the utility of rare
variant imputation using dense haplotype reference panels for gene discovery.
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Dissecting the shared genetic architecture of human communication:
Insights into speech, language and reading. H. Voss-Hoynes', C.M.
Stein's, B. Truitt', J. Tag?, L. Freebairn?, J. Vick?, H.G. Taylors, B.A. Lewis?, S.K.
lyengar'+. 1) Epidemiology and Biostatistics, Case Western Reserve Univer-
sity, Cleveland, OH; 2) Communication Sciences, Case Western Reserve
University, Cleveland, Ohio; 3) Pediatrics, Case Western Reserve University,
Cleveland, Ohio; 4) Genetics and Genome Sciences, Case Western Reserve
University, Cleveland, Ohio; 5) Center for Proteomics & Bioinformatics, Case
Western Reserve University, Cleveland, Ohio.

Purpose. Speech sound disorders (SSD) are communication disorders
that occur in 16% of three-year-olds. These disorders affect sound patterns
(phonology) and sound production (articulation), and can be comorbid with
impairments in language (LI) and reading (RD) likely due to shared genetic ar-
chitecture. We aimed to explore the shared architecture through genome-wide
association study of reading ability and to determine if the genetic-quantitative
trait relationships are affected by RD and LI. Methods. Using a mixed linear
model, we performed a family-based, genome-wide association study in
318 Caucasian individuals over 5 years old with Omni 2.5 Exome chip data
imputed to Phase 3 of the 1000 Genome Project. The outcome was scores
on the Woodcock Word Identification (WRID) test, a known word reading
test. Results. We report evidence of the shared genetic architecture between
LI, RD, and SSD. The most significant marker, rs193704, Bu.s=2.47 + 0.44,
p=3.63x107, is a protective locus within ATP2C2, a gene previously associated
with phonological processing in individuals with LI. Phonological processing,
the ability to fraction words into component sounds, is the most common link
between SSD, LI, and RD and is positively correlated with reading ability
(R?>=0.40). The strength of the relationship between markers in ATP2C2 and
reading scores is slightly reduced when accounting for LI (Bus=2.47 + 0.44
VS. Bayang=2.17 £ 0.45, A= -12%) and RD affection status (Basec=2.22 + 0.44,
A= -10%), but the marker remains genome wide suggestive (pas= 1.91x10%,
pres=4.46x10¢). Our next most significant signal was a novel locus in IQCE
(rs4721874,-2.09£0.44, p=3.12x10°). IQCE is expressed in the hippocampus
and is involved in cilia mediated Shh signaling, a process which mediates
adult neurogenesis in the same region. Because the hippocampus plays a
role in learning, memory, and visual processing, aberrant neurogenesis could
result in reading deficits. Accounting for LI and RD attenuates the relation-
ship between rs4721874 and WRID (Biag= -1.6 £0.42, ping=1x10 Breas=-1.4
0.4, p=s=3x10+). While IQCE may influence reading, it does not do so
independently of LI and RD status. Conclusions. Our findings suggest that
speech, language, and reading are intricately connected by pleiotropic gene
networks. Perturbations in these networks and genes provide insights into
how modern human communication has evolved. DC00528, DC012380, T32-
HLO07567.
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Deep genomic analysis of complex diseases and its potential applica-
tion to precision medicine. M. Xiong', P. Wang*, N. Lin', Y. Zhu?, J. Zhao?, L.
Jin‘, D. Bennett:. 1) Dept Biostatistics, Univ Texas HIlth Sci, Houston, TX; 2)
The Tulane University , New Orleans, LA; 3) Rush University Medical Center,
Chicago, IL; 4) Fudan University, Shanghai, China.

Next-generation sequencing, imaging and sensing technologies will gener-
ate deeper genomic and phenotypic data with millions of features. There are
multiple steps between genes and phenotypes. Each step may be influenced
by genomic variation and can weaken links between genes and phenotypes.
As a consequence, this will obscure the causal mechanism of the pheno-
type. Integrated and deep analysis of such increasingly larger and deeper
biomedical datasets will provide invaluable information for holistic discovery of
complicated genetic structures underlying human complex diseases. Precision
medicine demands deep, systematic, comprehensive and precise analysis
of genotype-phenotype — “and the deeper you go, the more you know”. But,
standard genetic analysis is to test the association of single variants with
a single trait. However, these traditional approaches are less efficient in
analyzing high-dimensional, heterogeneous types of correlated genomic and
multiple phenotype data, and thus unable to reveal the deep causal structures
underlying human complex disorders. Therefore, there is urgent need to de-
velop novel statistical methods and computational algorithms for big and deep
genomic analysis of complex diseases and precision medicine. To break the
current impasse in progress to precision medicine, we use causal inference
theory and chain graph models to develop an innovative analytic platform for
deep and precise multilevel hybrid causal genotype-disease network analysis
to increase breadth (the number of phenotypes which the genetic variants
affect) and (2) depth (the number of steps which are taken by the genetic
variants to reach the clinical outcomes). The proposed methods have been
applied to Alzheimer Disease (AD) dataset with 53295 genes typed in 1,708
individuals. We identified 387 genes associated with AD, and 20 AD related
traits including 7 cognitive function traits, 7 lipoprotein metabolism traits) and
5 environments. We also identified a genotype-disease network consisting
genotype subnetwork, phenotype subnetwork and environment subnetwork.
The network consists of 37 nodes and 139 edges. All phenotypes in the net-
work were clustered into two groups: cognitive trait group and lipid metabolism
trait group. Two groups were connected via MMSE and SBP connection. Five
genes were directly connected with AD. Eight genes have > 9 connections.
Most genes included in this network are involved in neurological and neuro-
psychiatric disorders.

Copyright © 2016 The American Society of Human Genetics. All rights reserved



Statistical Genetics and Genetic Epidemiology 33

391w
Heteroscedastic pleiotropy mapping on the biomedical image data of
multiethnic schizophrenia patients. H. Qin’, W. Ouyang’, Y.P. Wangz. 1) De-
partment of Biostatistics and Bioinformatics, Tulane University School of Public
Health and Tropical Medicine, New Orleans, LA; 2) Department of Biomedical
Engineering, New Orleans, LA 70118, USA.

Heteroscedasticity (aka, dispersion heterogeneity of trait residuals) is
a common phenomenon in biomedical image data mining. It is especially
significant when massive clinical traits are involved. As a cause for cross-
trait association, pleiotropy occurs when a genetic locus truly affects two
or more distinct clinical disorders. Detection and interpretability of complex
SNP(s)-trait(s) associations are complicated due to LD patterns between
SNPs and correlations between traits. Background confounders, especially in
multiethnic imaging studies, may have impact both mean and higher-order het-
erogeneities of clinical traits. However, existent multivariate methods neglect
all the dispersion effects of both test biomarkers and background confounders.
After calibrating confounding effects, leveraging dispersion effects of multiple
genetically correlated traits is expected to localize not only trait-specific
causal loci and genes but also those pleiotropic ones shared between the
traits. Herein, we describe a double generalized heteroscedastic linear-mixed
model based procedure for heteroscedastic pleiotropy mapping (HPM). In this
multi-trait gene-wise association method, we scale the importance of individual
traits by the p-values of marker-wise heteroscedastic effects. For each trait,
causative SNPs and the flanking random markers are up-weighted, and
others, down-weighted. By extensive simulations under published designs,
the proposed method properly controlled type | error rates and appeared
strikingly more powerful than existent prominent multivariate sequence asso-
ciation methods. The HPM is computationally efficient, integrates informative
heterogeneities and diverse genetic effects while simultaneously adjusting for
arbitrary background covariates and cryptic relatedness. It displayed particular
utility in analyzing the biomedical image data of multiethnic schizophrenia pa-
tients. In summary, we have paved an effective avenue to integrate high-order
informative heterogeneities while adjusting for heteroscedastic background
confounders. Our results have demonstrated the tremendous potential gain of
explicitly handling higher-order heterogeneities in big multiethnic image data.
This work was supported by Innovative Programs Hub (I2PH) Grants Award of
Tulane (632037) and Tulane’s Committee on Research fellowship (600890).
Contact: Huaizhen Qin, Ph.D. Email: hgin2@tulane.edu.
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Novel genetic loci associated with relapse rate in multiple sclerosis.

Y. Zhou', S. Simpson,Jr.', J. Charlesworth’, I. van der Mei’, R. Lucas?, A.L.
Ponsonbys, B.V. Taylor'. 1) Menzies Institute for Medical Research, Hobart,
TAS, Australia; 2) National Centre for Epidemiology and Population Health,
Canberra, Australia; 3) Murdoch Children's Research Institute, University of
Melbourne, Melbourne, Australia.

Background: Due to the gradual accumulation of multiple sclerosis (MS)
progression and the high cost of follow-up, no study has ever tried to identify
genetic factors that predict relapse rate at a genome wide scale. Material and
Methods: In the discovery stage, the genome wide association analysis for
predicting relapse rate was done using the Southern Tasmania MS Longitudi-
nal Study with 141 participants followed for 2.5 years. In the validation stage,
SNPs with P<0.05 from discovery stage were further validated using another
independent longitudinal study (the Ausimmune Longitudinal Study) with 279
participants followed for 5 years. Predictors of time to relapse were evaluated
by Cox proportional hazards regression models. Results: We discovered one
novel loci (LRP2) with multiple variations with genome wide significance that
predict relapse (HR=2.25, P=4.02x10%). LRP2 is critical for the reuptake of
ligands, including lipoproteins, sterols, vitamin-binding proteins and hormones.
LRP2 is expressed on the surface of many CNS cells including neurons and
oligodendrocytes and is a critical receptor in axonal guidance. Another loci
(N4BP2) showed suggestive association with relapse (HR=2.31, P=8.82x10-).
Conclusion: Our results provided novel insights into the genetic drivers of
variation in risk of relapse rate in MS. The finding of a genome wide signifi-
cant loci that has extensive effects on neuronal development and repair is of
significant interest.
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Twollcomponent mixture modelling approach integrating genetic and
clinical variables in analysis of time to remission in epilepsy. B. Francis’,
A. Jorgensen', A. Morris', A. Ingasson?, A. Marson’, M. Johnsons, G. Sills’,
EpiPGX. 1) University of Liverpool, Liverpool, Merseyside, United Kingdom; 2)
deCODE, Iceland; 3) Imperial College London, United Kingdom.

Time to twelve months seizure freedom (remission) after randomisation to an
antiepileptic drug (AED) is an important outcome in the treatment of epilepsy
with an established genetic component to variable response. A collaborative
dataset of 1,706 patients of European ancestry has been assembled via the
EpiPGX Consortium to investigate genetic risk factors for remission and other
epilepsy-related outcomes. Genotype data were subject to quality control and
individuals with <90% match with European reference data were removed
from downstream association analyses. The cleaned data was then imputed
up to the 1000 Genome reference panel (March 2012 release , all ancestries)
using IMPUTE2. Two sub-populations exist for time to remission; those who
enter remission and those not susceptible to remission. A traditional survival
analysis approach was therefore inappropriate, as the assumption of a homog-
enous population is violated, and may lack power to detect SNP associations.
To consider these two sub-populations, mixture modelling with cure fraction
was implemented in a two component model. The two component model is
computationally expensive and cannot be applied on the scale of the whole
genome. Therefore, to test association, deviance residuals for susceptibility
to remission and survival were derived, after adjustment for relevant clinical
covariates. We performed multivariate association analysis of SNPs with “re-
verse regression” modelling in the PLEIOTROPY software. No SNP associa-
tions attained the threshold of genome-wide significance (p<5x10-%). However,
lead SNPs in several loci attained nominal significance (p<1x10-+), including:
IQCK (rs724614, p=9.36x107) and PDE3A (rs7484691, p=7.62x107). Further
investigation of these loci will be undertaken by performing computationally
expensive two component survival modelling, including SNP genotypes in the
model alongside clinical covariates.
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Case-only investigation confirms multiple sclerosis risk conferred by
tobacco smoke is modified by NAT1. F.B.S. Briggs'z 1) Department of
Epidemiology and Biostatistics, School of Medicine, Case Western Reserve
University, Cleveland, OH; 2) Institute of Computational Biology, Case Western
Reserve University, Cleveland, OH.

Background: Multiple sclerosis (MS) is a multi-factorial autoimmune and
neurodegenerative disease of the central nervous system, with genetic and
exogenous risk components. Of the exogenous risk factors, tobacco smoke
confers the largest risk (OR~1.5). Unfortunately the underlying processes
mediating MS risk in smokers remain unknown. A prior case-control study
identified a gene-environment interaction between NAT7 and tobacco smoke
(Briggs et al 2014), suggesting tobacco smoke metabolism is relevant. MS risk
among smokers was significantly increased among carriers of a rs7388368A-
rs4921877T-rs6586711C haplotype. Methods: 1,088 non-Hispanic white MS
participants in the Accelerated Cure Project for MS (ACP) with epidemiologic
and genetic data were available for analyses. All participants had an age of
onset 218 years. Participants reported detailed smoking history; they were
classified as a smoker if they were an active smoker within 5 years prior onset.
Participants were genotyped using a Human lllumina Custom BeadChip,
including >200,000 exonic variants. 80 NAT1 variants with MAF=0.01 and
genotype rate299% were available. Given the prior finding, this investigation
focused specifically on variation within the respective haplotype block, defined
similarly using solid spline (extend where D'>0.8). There were 4 haplotype
blocks across the gene; the second block consisted of 6 SNPs including
rs4921877 and rs6586711 (rs7388368 was not available) and spanned 13kb.
Case-only analyses were conducted using smoking status before onset as
the outcome for the individual SNP and haplotype analyses. All models were
adjusted for gender, birth year, disease course, age of onset, and ances-
try. A 1-sided Bonferroni-corrected (6 SNPs) alpha of 0.0083 determined
significance. Results: NAT1 rs56261729A, which alters a SRF motif, was
significantly associated with smoking status (OR=3.3, p=0.0067; MAF=0.03).
Smokers were more likey to have rs4921877T and rs6586711C (OR~1.3), but
associations were not significant (p>0.1). There were 6 haplotypes, only one
carried rs56261729A, and it was significantly associated with smoking status
in MS cases (OR=2, p=0.0055). Both the haplotype and the SNP had the
same frequency: 4.2% in smokers and 2.3% in non-smokers. Conclusions:
This case-only analysis confirms a previously identified NAT1 haplotype block
locus as modifying MS risk conferred by tobacco smoke. Further analyses are
needed to further characterize this NAT1 haplotype block.
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Using LASSO regression to identify gene-gene and gene-environment
interactions influencing cognitive function in a sample at increased risk
for Alzheimer’s disease. B. Darst', M. Bilgel*’, R. Koscik*, B. Hermann*s, B.
Jedynak’, S. Johnson*s¢, C. Engelman’+#s. 1) Department of Population Health
Sciences, University of Wisconsin, Madison, Madison, WI; 2) Department of
Biomedical Engineering, Johns Hopkins University School of Engineering,
Baltimore, MD, USA; 3) Laboratory of Behavioral Neuroscience, National In-
stitute on Aging, NIH, Baltimore, MD, USA; 4) Wisconsin Alzheimer’s Institute,
University of Wisconsin School of Medicine and Public Health, Madison, WI,
USA; 5) Geriatric Research Education and Clinical Center, Wm. S. Middle-
ton Memorial VA Hospital, Madison, WI, USA; 6) Department of Neurology,
University of Wisconsin School of Medicine and Public Health, WI, USA; 7)
Department of Applied Mathematics and Statistics, Portland State University,
Portland, OR, USA,; 8) Alzheimer’s Diseases Research Center, University of
Wisconsin School of Medicine and Public Health, Madison, WI, USA.
Alzheimer’s disease (AD) is the 6" leading cause of death in the US and the
only leading cause that cannot be prevented, cured, or treated. Although the
heritability of AD is estimated to be 58%, most known genetic variants only
account for 8% of the phenotypic variance of AD. Expanding investigations
to include complex nonlinear relationships between genetic and environmen-
tal factors may explain some of this missing heritability. In this analysis, we
explore gene-gene and gene-environment interactions that may be influencing
cognitive function using participants from the Wisconsin Registry for Alzhei-
mer’s Prevention, a longitudinal family-based cohort of initially cognitively
healthy adults (N=1,293) enriched for a parental history of AD. This analysis
included 19 genetic variants indicated to be associated with AD by the Interna-
tional Genomics of Alzheimer’s Project, plus APOE €2 and €4, and eight envi-
ronmental factors that have been previously associated with AD: age, gender,
education, physical activity, waist-hip ratio, total cholesterol, insulin resistance,
and inflammation as measured by interleukin 6 (IL6). We performed variable
selection using least absolute shrinkage and selection operator (LASSO)
regression, inputting all possible pairwise interaction terms into the model and
using the value of the parameter A that gave the minimum mean cross-valida-
tion error. Potential interactions identified by LASSO were tested for signif-
icance in mixed linear models. Of the 14 gene-gene or gene-environment
terms identified by LASSO, two were statistically significant. An interaction be-
tween rs6656401 (CR1) and rs9271192 (HLA-DRB1) (P=.004) suggested that
being a carrier of either of these variants was associated with poorer cognitive
function, whereas being a carrier of both of these variants was associated with
better cognitive function. Evidence of this relationship was also provided by
three of six other independent cognitive measures (all with P<.004). This sug-
gests that while these variants are independently detrimental, collectively they
may have a protective effect. The second interaction was between rs190982
(MEF2C) and IL6 (P=.006); however, we did not see evidence for this relation-
ship in other cognitive measures. All three of these genes have been reported
to be in the immune system pathway and are associated with several other
autoimmune diseases. These findings support the early involvement of the
immune system in AD.
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Mendelian randomization identifies ACE, APOC-1, APOE, clusterin, and
GDF-15 as causal serum biomarkers of Alzheimer disease risk. D. Care-
re*2s, J. Sjaarda*?4, S. Hess®, H. Gerstein's’, G. Pare"23. 1) Population Health
Research Institute, David Braley Cardiac, Vascular and Stroke Research Insti-
tute, 237 Barton Street East, Hamilton, Ontario, Canada; 2) Thrombosis and
Atherosclerosis Research Institute, David Braley Cardiac, Vascular and Stroke
Research Institute, Hamilton, Ontario, Canada; 3) Department of Pathology
and Molecular Medicine, McMaster University, Michael G. DeGroote School
of Medicine, Hamilton, Ontario, Canada; 4) Department of Medical Sciences,
McMaster University, Hamilton, Ontario, Canada; 5) Sanofi Aventis Deutsch-
land GmbH R&D Division Diabetes, Frankfurt, Germany; 6) Department

of Clinical Epidemiology and Biostatistics, McMaster University, Hamilton,
Ontario, Canada; 7) Department of Medicine, McMaster University, Hamilton,
Ontario, Canada.

Background: Dozens of blood-based biomarkers have been linked to
Alzheimer disease (AD), but findings are inconsistent, and likely biased by un-
measured confounding and reverse causation. We combined biomarker data
from the Outcome Reduction within Initial Glargine Intervention (ORIGIN) trial
with AD data from the International Genomics of Alzheimer’s Project (IGAP),
and used Mendelian randomization (MR) to identify blood serum biomarkers
with a causal role in AD. Methods: Genotyping data and baseline serum
measurements of 237 biomarkers were available from 5,078 ORIGIN trial
participants. Summary statistics from a genome-wide association study of AD
(17,008 cases and 37,154 controls) were obtained from IGAP. MR analyses
were restricted to biomarkers directly encoded by an autosomal gene and
SNPs within 300Kb of a biomarker’s corresponding gene. MR associations
were computed by regressing SNP-AD effect estimates on SNP-biomarker
effect estimates. Conditional MR was used to evaluate independence of effect
of proximally encoded biomarkers. Results: After quality control, 1,731 non-re-
dundant SNPs associated with 203 biomarkers were available for MR. Five
biomarkers were associated with AD, after adjusting for multiple hypothesis
testing (a = 0.05/203). MR predicted a deleterious effect of apolipoprotein C-1
(APOC-1, 11 SNPs; OR=1.89 (1.65-2.16)) and growth differentiation factor 15
(GDF-15, 9 SNPs; OR=1.24 (1.14-1.35)); and a protective effect of angioten-
sin-converting enzyme (ACE, 15 SNPs; OR=0.91 (0.87-0.95)), apolipoprotein
E (APOE, 20 SNPs; OR=0.33 (0.32-0.35)), and clusterin (4 SNPs; OR=0.67
(0.56-0.80)). In an adjusted analysis of APOE and APOC-1 (27 SNPs total),
each biomarker remained significantly associated with AD. When we further
removed from the joint analysis the APOE SNPs which determine epsilon
allele status (rs7412, rs429358), and all SNPs in LD with these, the effects
persisted: APOC-1 OR = 4.09 (3.48-4.81); APOE OR = 0.20 (0.18-0.23).
Conclusion: Mendelian randomization suggests a causal role for serum ACE,
APOC-1, APOE, Clusterin, and GDF-15 concentration in AD risk. The risk ef-
fects of increased serum APOC-1 and decreased serum APOE concentration
appear to be independent of each other, and of APOE epsilon allele status.
Our study takes advantage of the largest AD genetics dataset available, and in
combination with data on hundreds of serum biomarkers, represents the first
investigation of multiple blood biomarkers for a causal role in AD.
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Adaptive testing for multiple traits with applications to detect SNP-brain
network associations. J. Kim, W. Pan. Division of Biostatistics, University of
Minnesota, Minneapolis, MN.

There has been increasing interest in developing more powerful and
flexible statistical tests to detect genetic associations with multiple traits, as
arising from neuroimaging genetic studies. Most of existing methods treat a
single trait or multiple traits as response while treating an SNP as a predictor
coded under an additive inheritance mode. In this paper we follow an earlier
approach in treating an SNP as an ordinal response while treating traits as
predictors in a proportional odds model (POM). In this way, it is not only easier
to handle mixed types of multiple traits, e.g. some quantitative and some
binary, but it is also more robust to the common assumption of an additive
inheritance mode. More importantly, we develop an adaptive test in a POM so
that it can maintain high power across many possible situations. Contrary to
the existing methods treating multiple traits as responses, e.g. in a generalized
estimating equation (GEE) framework, the proposed method can be applied to
a high dimensional setting where the number of phenotypes (p) can be larger
than the sample size (n), in addition to a usual small p setting. The promising
performance of the proposed method was demonstrated with applications to
the Alzheimer's Disease Neuroimaging Initiative (ADNI) data, in which either
structural MRI driven phenotypes or resting-state functional MRI (rs-fMRI)
derived brain functional connectivity were used as multiple phenotypes. The
applications led to the identification of several top SNPs of biological interest.
Furthermore, a simulation study showed competitive performance of the new
method compared to several existing methods, including potential power gain
of the new method in cases with a dominant inheritance mode.

398T

The rare variant generalized disequilibrium test for association analysis
of nuclear and extended pedigrees. S.M. Leal, Z. He, D. Zhang, B. Li, G.T.
Wang. Center for Statistical Genetics, Department of Molecular and Human
Genetics, Baylor College of Medicine, One Baylor Plaza, Houston, TX.

Whole genome and exome sequence data can now be cost effectively gen-
erated for families in order to perform rare variant (RV) association analysis.
An advantage of analyzing families is that causal variants that aggregate
in families usually have larger effect sizes than those found in the general
population, thus increasing the power of family-based association studies.
Population-based RV association studies can also suffer from the inflated
false-positive rates due to population admixture/substructure which fami-
ly-based analysis can avoid. We developed RV extensions of the Generalized
Disequilibrium Test (GDT; Chen et al 2009) to analyze nuclear and extended
families. The GDT utilizes the genotype differences of all discordant relative
pairs to assess association within a family, and the RV extension of GDT
(RV-GDT) is combination of the single variant GDT statistic over a genomic
region of interest. The GDT has increased power by efficiently incorporating
information beyond first-degree relatives and can be applied when there is
missing genotype, e.g. parental data is missing. Using simulated genetic data,
we demonstrate that the RV-GDT method has well-controlled type | error rates,
even when applied to admixed populations. We also extended the Pedigree
Disequilibrium Test (PDT; Martin et al. 2000) to analyzed RVs but the RV-GDT
has higher power. The RV-GDT is also more powerful than the RV Affected
Sibpair (Epstein et al. 2015) and Family Based Association Test (FBAT, De
et al. 2013). The additional advantage of the RV-GDT over these methods is
that it can be utilized to analyze extended families and also allows for missing
genotype data. Using the RV-GDT publically available user-friendly software
we analyzed the exome sequence data from 2,377 nuclear families with
autism spectrum disorder (ASD) from Simons Simplex Collection and whole
genome sequence data from 81 nuclear and extended Alzheimer’s disease
(AD) pedigrees. We identified several genes associated with ASD: ACSBG2,
C170rf50 and SGCA and AD: TNK1. Additional results from these analyses
as well as extensive simulation studies will be used to demonstrate the power
and capabilities of RV-GDT to identify genes involved in the etiology of com-
plex familial diseases.
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Coding and non-coding variants in known Alzheimer’s candidate genes
co-segregate with Late-Onset Alzheimer’s disease (LOAD) in the Alzhei-
mer Disease Sequencing Project genome sequence data. J. Jaworski’,

G. Beecham', B. Vardarajan?*+, E. Blues, S. Barral>**, J. Haines®, W. Bushe,
C.M. Van Duijn?, E. Martin', G. Schellenbergé, R. Mayeuxz3+, E. Wijsmans, M.
Pericak-Vance'. 1) John P. Hussman Institute of Human Genomics, Miller
School of Medicine, Universi, Miami, FL; 2) The Taub Institute of Research
on Alzheimer(s Disease, Columbia University, New York, NY, USA; 3) The
Gertrude H. Sergievsky Center, Columbia University, New York, NY, USA; 4)
The Department of Neurology, College of Physicians and Surgeons, Colum-
bia University, New York, NY, USA; 5) Department of Medicine, University of
Washington, Seattle, WA, USA; 6) Department of Epidemiology & Biostatistics,
Case Western Reserve University, Cleveland, OH, USA; 7) Erasmus MC, Ep-
idemiologie, Rotterdam, The Netherlands; 8) ) Perelman School of Medicine,
University of Pennsylvania, Philadelphia, PA, USA.

Background: The Alzheimer’s disease Sequencing Project (ADSP) is an
initiative to identify genetic variation influencing LOAD risk. To accomplish this
we performed whole-genome sequencing (WGS) on 44 non-Hispanic white
(NHW) extended families affected by LOAD and investigate whether variation
in known candidate genes co-segregated with LOAD in these families. Meth-
ods: WGS data were generated for 229 subjects from 44 NHW families at the
NHGRI sequencing centers, including both affected individuals and unaffected,
elderly relatives. Sequence alignment was performed using BWA, followed
by consensus genotype calling using multiple pipelines. Our candidate genes
include known early-onset AD (EOAD) genes, genes known to cause demen-
tia, and LOAD genes implicated by GWAS or resequencing studies. Variants
within candidate gene regions were annotated for function, frequency, segre-
gation with disease, and information from the ADSP case-control and other
datasets. Results: We identified 41 variants across the families that were
within a candidate gene and co-segregated in >75% of affected genotyped
with disease, had minor allele frequency <5%, and were putatively functional
(CADD score > 15). These variants were in 12 of the known EOAD genes or
LOAD genes implicated by GWAS, most notably APP, PICALM, PSEN1, and
GRN. MS4A6A had a rare, putatively functional (CADD=23.9) splice donor
variant. Two other non-intronic, non-coding variants were 3’ UTR variants seen
in PICALM (CADD=20.4) and MEF2C (CADD=16.5). Within genes known to
cause dementias that can mimic AD, we find co-segregating missense variants
in CSF1R, PDGFRB, and NOTCH3, and non-coding variants in CSF1R and
SLC20A2. Within genes known to cause dementias distinct from AD, we find
co-segregating missense variants in ATP13A2 and LMNB1, and non-coding
variants in GALC, TARDBP, and TBP. All of these non-coding variants with
RSIDs are annotated as having enhancer or promoter histone marks. Conclu-
sion: This study suggests that rare variation in previously identified candidate
genes may play a role in familial LOAD risk. This role extends to both early-on-
set genes and genes previously implicated with common variation, and may
indicate additional mechanisms for LOAD risk.

400W
Whole genome sequence analysis of brain MRI measures in the Fram-
ingham Study. C. Sarnowski', C.L. Satizabal?*, C. DeCarli*, A.N. Pitsillides?,
A. Beiser2s, A.L. DeStefano’23, J. Dupuis', S. Seshadri?3. 1) Department of
Biostatistics, Boston University School of Public Health, Boston, MA; 2) The
National Heart, Lung, and Blood Institute's Framingham Heart Study, Framing-
ham, MA; 3) Department of Neurology, Boston University School of Medicine,
Boston, MA; 4) Department of Neurology, University of California at Davis, CA.
Background: Brain MRI measures such as Total Brain Volume (TBV),
Hippocampal Volume (HPV) and White Matter Hyperintensities (WMH) are
endophenotypes of Alzheimer disease (AD) and vascular injury. Identifying loci
that influence these measures may lead to the discovery of new genes and
biological mechanisms underlying these diseases. Genome-Wide Associa-
tion Studies (GWAS) have identified common genetic variants (Minor Allele
Frequency = 5%) with modest effect sizes, and most identified variants reside
in non-coding regions. Aim: We sought to identify rare variants influencing
TBV, HPV and WMH in the Framingham Study by performing Whole Genome
Sequence (WGS) analyses within the Trans-Omics for Precision Medicine
(TOPMed) Program. Methods: A total of 905, 894 and 672 individuals
from TOPMed were included in the WGS analyses of TBV, HPV and WMH
respectively. Mixed effect linear regression models of brain MRI measures
were adjusted for sex, age and total intracranial volume and rank-normal-
ized residuals from these models were tested for association with individual
SNPs while taking into account familial relatedness. Gene-based tests were
conducted for rare variants with two different methods (SKAT or burden test)
using 1) a sliding-window approach or 2) a selection of functional exonic
SNPs. Finally, WGS results were compared to GWAS using imputed data from
the Haplotype Reference Consortium release 1 (~4,000 genotyped individuals
with phenotype data). Results: WGS analyses revealed at the genome-wide
level (P<5x10+) a new locus in 324 for HPV (Pwes=2.0x10-%, Pewss=0.003)
and suggestive results (P<10+) in new regions for HPV (5q35, 8g24, 11p15,
19p13), WMH (11p12) and TBV (4g25). Known associations in 12924 for HPV
(Pwes < 2.5x107, Pems < 4.1x10%) and in 17925 for WMH (Pwes< 2.8x10, Powas <
4.2x10°) were observed. Gene-based tests using a sliding-window approach
detected genome-wide associations (P<2.5x10+) in new loci for HPV (3q24)
and TBV (17p13) with the SKAT method and for HPV (4p15, 12q23, 12924)
and TBV (5923, 9p21) with the burden test. The 3924 locus associated with
HPV includes ZIC1, a transcription factor expressed only in human brain with
tumor suppressor function that has an important role in brain development
and can transactivate APOE, whose €4 allele is the major known risk-factor for
late-onset AD. Conclusion: This study reveals intriguing new loci determining
brain volumes. Replication is underway to confirm these findings.
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Improving pedigree-based genotype imputation with simultaneous
use of identity-by-descent and linkage disequilibrium information. R.A.
Nafikov', E.M. Wijsman'23. 1) Division of Medical Genetics, Department of
Medicine, University of Washington, Seattle, WA, USA; 2) Department of
Biostatistics, University of Washington, Seattle, WA, USA; 3) Department of
Genome Sciences, University of Washington, Seattle, WA, USA.
Pedigree-based genotype imputation methods rely on identity-by-descent
(IBD) information. Genomic regions with IBD originate from the same pedigree
founder chromosome, allowing imputation of missing alleles by copying from
observed to unobserved alleles that originate from the same inferred founder
chromosome. Recent research by our group showed the advantage of also
incorporating knowledge about linkage disequilibrium, the main source of in-
formation used by population-based imputation methods, to increase the accu-
racy and completeness of imputed genotypes. Both approaches to imputation
start with a haplotype-phasing step, which assigns alleles at different nearby
sites to one of the two members of a chromosomal pair in an individual. We
are developing an approach that can simultaneously utilize pedigree- and
population-based information, with the aim of obtaining improved imputation
quality especially in the context of missing founder samples and low-frequency
alleles. Missing data is common in family studies, and current models of the
genetic architecture of many traits include rare and low-frequency variants.
We used our pedigree-based genotype imputation program, GIGI, modified
to perform pedigree-based genotype phasing. Each founder chromosome is
assigned a unique founder genome label (FGL). We use inheritance vectors
based on genome scan markers as represented through the FGLs that are
generated with the gl_auto program of the Morgan package. By recording
allele assignments to FGL at each marker position, haplotype sequences for
each founder chromosome are obtained. In application to a large 5-gener-
ation, 189-member pedigree with Alzheimer disease (AD), phasing of 35
rare variants spanning a region-of-interest defined by linkage analysis (LA)
identified six potential haplotypes in 10 affected subjects with strong effects
on the LA. Of these, four represented >89% of the potential haplotypes. Of
course not all FGLs at every marker position get a forced allele assignment, in
which case population-based imputation into founder haplotypes is performed
with a population-based method such as Beagle, and propagated via the FGLs
into family members with missing alleles. We use the phased genotype data
from the 1000 Genomes Project as a reference panel. Performance of our joint
imputation algorithm is in the process of being evaluated for simulated and
real data from AD pedigrees and will be presented.

402F
Whole-genome sequencing in familial late-onset Alzheimer’s Disease
identifies TTC3 and FSIP2 as putative risk loci. G.W. Beecham, J.
Jaworski', W. Bush?, B. Vardarajan’, E. Blue*, S. Barral’, J.L. Haines?, C.M.
van Duijns, E.R. Martin', G.D. Schellenbergs, R.P. Mayeux, E. Wijsman‘, M.A.
Pericak-Vance' for the Alzheimer Disease Sequencing Project. 1) Dr. John T.
Macdonald Foundation Dept. of Human Genetics, Hussman Inst.for Human
Genomics, University of Miami, Miami, FL; 2) Department of Epidemiology &
Biostatistics, Case Western Reserve University, Cleveland, OH, USA; 3) Taub
Institute for Research on Alzheimer's Disease and the Aging Brain, Columbia
University Medical Center, New York, NY, USA; 4) Division of Medical Genet-
ics, Department of Medicine, University of Washington, Seattle, WA, USA; 5)
Department of Epidemiology, Erasmus MC, Rotterdam, Netherlands; 6) Perel-
man School of Medicine University of Pennsylvania, Philadelphia, PA, USA.
Background: The Alzheimer’s Disease Sequencing Project (ADSP) is
an initiative to identify genetic variation influencing late-onset Alzheimer’s
disease (LOAD) risk. As part of the ADSP, we performed linkage analysis in
44 non-Hispanic white (NHW) extended families multiply affected by LOAD,
followed by whole-genome sequencing (WGS), segregation analysis, and
annotation and filtering of variants. Methods: WGS data were generated
for 229 subjects from 44 NHW families. Standard bioinformatics protocols
were applied, with multiple genotype callers used to develop consensus.
Family-specific LOD scores were calculated using array data, and parametric
multipoint linkage analyses implemented in the MERLIN software. Single
nucleotide variants (SNVs) were filtered to families and genomic regions
with family-specific LOD scores greater than 1, then annotated for function,
frequency, segregation with disease, and information from additional datasets,
such as the ADSP case-control dataset. SNVs were annotated with enhancer
and expression-QTL data to identify variants likely to influence expression.
Results: We identified 33 rare (MAF<0.01) SNVs that were under family-spe-
cific LOD regions, segregated with disease, were absent from all unaffecteds
in the dataset, and were putatively functional (CADD score > 10). These
included a missense SNV in TTC3 (CADD=32) that was absent in refer-
ence datasets, and confirmed using orthogonal genotyping technology. The
FSIP2 gene harbored a missense SNV that segregated with disease among
sequenced affecteds, was rare, and likely functional (CADD=25), and showed
nominal association in an ADSP case-control gene analysis (p-value=0.043).
Additional SNVs in SLC15A5, COG4, CAPZA3, and CONYL1 showed strong
functional evidence, in addition to segregation and low MAF. Analysis of
intergenic variation identified 17 SNVs that segregated with disease, were
rare, and putatively functional (CADD score > 10). Analysis of enhancer data
identified multiple enhancer SNVs that segregate with disease and may influ-
ence gene expression, including four in a known chr14 linkage region, and two
in a known chr1 linkage region; additional enhancer variants were identified in
the family-specific regions. Conclusion: These results suggest both intra and
intergenic SNVs influence LOAD risk in multiplex families, and show the power
of segregation-based family designs in WGS studies of complex diseases like
AD, and suggest TTC3 and FSIP2 as AD risk genes.
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Genome-wide linkage analysis for Parkinson’s disease using high-densi-
ty SNPs in the Faroese cohort. L.L. Farrell’, T. Candido’, S. Bech?, I. Guella’,
D. Evans', J.O. Aasly’, M.S. Petersen?, M.J. Farrer'. 1) Centre for Applied
Neurogenetics, University of British Columbia, Vancouver, British Columbia,
Canada; 2) Department of Occupational Medicine and Public Health, The
Faroese Hospital System, Sigmundargota 5, FO-100 Torshavn, Faroe Islands;
3) Department of Neurology, St Olav's Hospital, Trondheim, Norway.

In the Faroe Islands, the prevalence of Parkinson’s disease (PD) is double
that of neighboring countries. Disease is assumed to be multifactorial albeit
with unknown etiology. Overall, the relative risk for PD is 2.3 for siblings and
1.4 for first cousins. The Faroese cohort is a family-based study of PD that
includes several multi-incident pedigrees with detailed genealogy, clinical
information and environmental data. Known mutations underlying Parkinson-
ism have been excluded. In this cohort prior segregation analysis suggests
PD best fits an additive or dominant genetic model (Petersen et al., 2015). A
subset of 16 families, a total of 303 individuals (124 with DNA, 54 affected)
with an average family size of 18.9 (range 10 to 24) were selected for further
genetic analyses. Most of the pedigrees are genealogically extensive but prior
generations have sparse clinical data and samples. Hence, comprehensive
linkage simulations were performed to maximize information content using
non-parametric and model-based methods (setting disease frequency to
1/1000, assuming biallelic SNP allele frequencies (0.5) and various pene-
trance (0.5-0.9), phenocopy (0.01, 0.05) and age-associated liability parame-
ters). lllumina MEGA SNP array genotyping of 1.8M SNPs was prioritized for
families with multi-incident PD. After excluding SNPs with significant deviation
from HWE (p<0.01), MAF<0.05 and LD (r>> 0.8), genome-wide nonparametric
and model -based linkage analyses was performed with MERLIN (Abecasis et
al.2002), using high-density SNP sets with ~100 kb spacing throughout the ge-
nome (24,679 SNPs). Marker allele frequencies were based on all individuals
genotyped within the cohort. To date, under non-parametric models evidence
of suggestive linkage (LOD >2) was observed at the 137cM to 139cM region
on chromosome 7q33.5-9q34.5 and 86¢cM to 88cM region on chromosome
10qg23.1-q.23.2 with a maximum LOD score of 2.19 and 2.16, respectively,
which was obtained after controlling for marker-marker linkage disequilibrium
(LD) with r~>0.2. Model-based linkage analyses are ongoing. For 31 affected
individuals, whole exome sequencing has also been performed, primarily
to help improve haplotype informatively in loci shared among family mem-
bers with PD. Overall, results from pedigree/power simulations, linkage and
haplotype analyses, informed by exome variants within shared intervals will be
presented.

404T
Mosaic loss of chromosome Y (LOY) in peripheral blood is associated
with age, smoking, shorter survival and increased risk of cancer and
Alzheimer’s disease (AD) in men. L. Forsberg’, J.-C. Lambert;, C. Rasi",
V. Giedraitis®, H. Davies', B. Grenier-Boley?, C. Lindgren*, D. Campion®, C.
Dufouil, F. Pasquier’, P. Amouyel’, L. Lannfelt:, M. Ingelssons, L. Kilander:, L.
Linde, J. Dumanski', The European Alzheimer's Disease Initiative Investigators.
1) Dept. Immunology, Genetics and Pathology, Science for Life Laboratory,
Uppsala, Sweden; 2) INSERM, U1167, Institut Pasteur de Lille, Université
de Lille, Lille, France; 3) Department of Public Health and Caring Sciences,
Uppsala University, Uppsala, Sweden; 4) Wellcome Trust Centre for Human
Genetics, University of Oxford, Oxford, UK and Broad Institute of MIT and
Harvard University, Cambridge, Massachusetts, USA; 5) CNR-MAJ, INSERM,
U1079, Rouen University Hospital, Rouen, France; 6) INSERM, U708, Victor
Segalen University, Bordeaux, France; 7) CNR-MAJ, Université de Lille and
Centre Hospitalier Régional Universitaire de Lille, Lille, France; 8) Department
of Medical Sciences, Uppsala University, Uppsala, Sweden.

Introduction: In the entire world men live on average 4 years shorter lives
compared to women. In the developed countries this difference is even
larger and the average life expectancy is more than 6 years shorter in men
compared with women. This sex-difference has been known for centuries but
the underlying factor(s) have been elusive. Our discoveries show that a male
specific genetic risk factor, i.e. LOY (mosaic loss of chromosome Y in blood
cells), can help explain this observation. Our previous analysis show that LOY
is associated with age, smoking, all-cause mortality and non-hematological tu-
mors (Nat. Genet. 2014 PMID:24777449, Science 2015 PMID:25477213). We
can now demonstrate that in addition to this, LOY in blood is also associated
with increased risk for Alzheimer’s disease (AD) (/n press AJHG). Materials
and Methods: LOY in blood cells was estimated using SNP-array data from
>3200 men from one AD case-control study and two prospective cohorts.
Strict QC was applied for included data and whole genome sequencing as
well as ddPCR was used for experimental validations. 100% concordance in
LOY-scoring was achieved between the different platforms. A set of statistical
techniques were used to evaluate association between LOY in blood cells and
AD diagnosis. Results: LOY was detected in ~17% of participants (median
age=73, range=37-96). We found that men with AD diagnosis had a higher
degree of LOY mosaicism in the case-control study (adjusted odds ratio=2.80,
AD events=606, p=0.0184). Furthermore, analysis of the two prospective
cohorts showed that men with LOY in blood at sampling had an increased
risk for incident AD during follow-up time (HR=6.80, 95% Cl=2.16-21.43, AD
events=140, p=0.0011) (/n press AJHG). Conclusions: Our results suggest
that LOY in blood cells is associated with increased risk for both AD and
cancer, suggesting a role of LOY in blood cells on disease processes in other
tissues, possibly via defective immunosurveillance functions of immune cells
without the Y chromosome. Hence, as a male-specific genetic risk factor, LOY
might help explain why males on average live shorter than females. Future
and on-going studies will put efforts into understanding what happens in cells
with LOY and will thus focus on functional aspects at the cellular as well as the
organismal levels.
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First study of C2491T FV mutation with ischaemic stroke risk in Moroc-
co. B. Diakite’, K. Hamziz, W. Hmimechz, S. Nadifiz, GMRAVC. 1) Genetic
and Molecular Pathology, FMOS, USTTB, University of Bamako, 1805; 2)
Department of Genetics and Molecular Pathology Laboratory (LGPM), Faculty
of Medicine and Pharmacy Hassan Il University, 9154 Casablanca, Morocco.
Ischaemic stroke is is a multifactorial disease. It is known that, individual
inherited genetic difference in genes involved in the metabolism of lipid or
in the process of inflammation and thrombosis play an important role in the
development of stroke. Several previous studies have revealed that the
distribution of FV Leiden mutation remains low or almost absent in some
populations (African population) compared to others. The present study
evaluated the association of C2491T FV mutation with the risk of ischaemic
stroke. Genotyping was performed by High Resonance Melting and PCR-
RFLP methods. Carriers of T mutated allele was associated with a high risk of
ischaemic stroke (OR: 3.77, 95%CI = 2.70-5.25; P <0.0001). But this risk was
8.95 fold when the subject carrying of TT genotype (P <0.0001) and 4.08 fold
with CT genotype. According to the risk factors of ischaemic stroke, a positive
correlation was observed only with C2491T FV mutation and hypertension (P
< 0.001). Thus, we can suggest that C2491T FV mutation could be a genetic
risk factor for Ischaemic Stroke in Moroccan population.

406W

Phenome-wide association study of 28 variants associated with Parkin-
son’s disease in a web-based cohort. K. Heilbron, B. Alipanahi, P. Cannon.
23andMe, Mountain View, CA.

The phenome-wide association study (PheWAS) is a powerful method for
detecting phenotypes that are significantly associated with a genetic variant (or
other attribute) of interest. A recent genome-wide association study (GWAS)
meta-analysis found 28 genetic variants that were significantly associated with
Parkinson’s disease (PD). By performing PheWAS on these variants, we set
out to find traits that share a common genetic etiology with PD and thereby
gain insight into the underlying biology of the disease. We performed a Phe-
WAS on the 26 non-HLA SNPs associated with PD. We tested these SNPs for
associations with 1,562 phenotypes derived from survey questions that are
available to all 23andMe customers who consented to research. We found ten
self-reported phenotypes that were significantly associated with at least two of
the 26 SNPs (Bonferroni-corrected P < 0.05). For four of these phenotypes, all
significant associations had the same direction of effect. Family history of PD
and status within one’s community exhibited positive associations, while heart
or metabolic disease and whether one prefers to talk rather than listen during
a conversation exhibited negative associations. Follow-up studies are required
to replicate these findings and determine whether any of these candidate
phenotypes play a causal role in PD.
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Identifying genetic modifiers of age at diagnosis in Parkinson disease
— A 23andMe study. K-D.H. Nguyen', N.A. Furlotte?, L. Yu?, S. John', A.
Day-Williams'. 1) Computational Biology & Genomics, Biogen, Cambridge,
MA,; 2) 23andMe, Inc., Mountain View, CA.

Background: Age-at-diagnosis (AAD) varies greatly in both familial and
sporadic Parkinson Disease (PD); however, the genetic underpinning (if it
exists) has not been determined. Mutations in LRRK2 and GBA have been
previously implicated in younger AAD in PD patients. Conversely, smoking has
been shown to be correlated with later AAD amongst patients. Objectives:
We want to identify genetic associations affecting AAD in LRRK2 PD, GBA PD
and sporadic PD. Additionally, we want to investigate the interaction between
genetic contributions and smoking status. Methodology: We performed
genome-wide association analyses studies (GWASes) of PD AAD for 3 sub-
groups of adult PD research participants (age 230) from the 23andMe cohort:
(1) PD participants with known LRRK2 mutations (n=153), (2) PD participants
with known GBA mutations (n=151) and (3) sporadic PD participants with
neither LRRK2 nor GBA mutations (n=6,835). To investigate the epidemio-
logical association of AAD with smoking we performed the analyses with and
without smoking as a covariate to identify both dependent and independent
genetic effects. Results: The association landscape changed remarkably
upon removing the effect of smoking in identifying smoking-independent sig-
nals. By removing the effect of smoking from PD AAD regression analysis, we
were able to remove spurious (likely false positive) associations and enhance
signals for new loci. Despite limited sample size in the LRRK2 and GBA pop-
ulations, we identified 1 genome-wide significant signal and ~10 suggestive
signals in these 2 populations alone. Conclusions: This study comprises
one of the largest collections of LRRK2 and GBA carriers (N~150-200) to re-
veal the genetic effects of PD AAD. In addition, we are performing Mendelian
randomization to assess the causality of smoking to PD AAD.

408F
Identification of rare variants in recessive Hereditary Spastic Paraplegia
patients from Turkey. B. Ozes’, M. Gonzalez?, S. Zuchner?, A. Gunduz,
Y. Parman’, E. Battaloglu'. 1) Bogazici University, Molecular Biology and
Genetics Department, Istanbul, Turkey; 2) University of Miami Miller School of
Medicine, Dr. John T. Macdonald Foundation Department of Human Genetics
and John P. Hussman Institute for Human Genomics, Miami, USA; 3) istanbul
University, Cerrahpasa Medical School, Department of Neurology, Istanbul,
Turkey; 4) Istanbul University, Istanbul Medical School, Istanbul, Turkey.
Hereditary Spastic Paraplegia (HSP) is a group of clinically and genetically
heterogeneous neurodegenerative disorders. Lower limb spasticity and pro-
gressive weakness are manifested in pure HSP patients. In complicated HSP
patients, other neurological and nonneurological symptoms can be observed.
HSP can be inherited in autosomal dominant, autosomal recessive, or X-linked
manner. Forty-nine loci and 43 genes are associated with autosomal recessive
form of HSP (ARHSP). Whole exome sequencing data of six ARHSP patients
from Turkey were analysed to determine the effect of genetic background
on phenoytpic heterogeneity among patients. Filtering was performed to
determine rare variants via GEM.app'. All rare (MAF<0,01), non-synonymous
variants in neurodenegeration/neuropathy related genes were selected. We
further filtered the variants that were predicted as ‘effective’ by in silico tools.
Forty-two rare variants in six individuals were identified and 35 of those
variants were located in the genes related to various neurodenegerative/neu-
ropathic diseases such as HSP, CMT and Usher syndrome. Three variations
were in homozygous state underlying the effect of rare variants in ARHSP.
When whole genome sequencing data of 15 healthy Turkish individuls from
Turkish Genome Project? were analyzed with the same criteria, 68 rare variant
were identified in total. Since the average of rare variant in patients (7 variant
per individual) was higher compared to unaffected individuals (4,5 variant per
individual), rare variations observed in these patients are probably effective.
These rare variants observed with the variant segregating with the disease
require further and detailed analyses because they might explain inter- and
intra-familial heterogeneity in phenotype. They might also contribute to fulfill
the overall picture of mechanism underlying neurodegeneration. This data
might also be important to question the approach to “end the genetic analysis
after determining the disease-causing variant” because in this approach other
variants that might contribute to disease formation are underestimated. 1.
Genomes Management Application (GEMapp), University of Miami Miller
School of Medicine (https://genomics.med.miami.edu/gem-app/) [June, 2014].
2. Alkan C, Kavak P, Somel M, Gokcumen O, Ugurlu S., et al. 2014. Whole
genome sequencing of Turkish genomes reveals functional private alleles and
impact of genetic interactions with Europe, Asia and Africa. BMC Genom-
ics.15:963.
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Genetic variants influencing myeloperoxidase levels increase risk
of stroke. C. Phuah’, T. Dave?, R. Malik’, M.R. Raffeld’, A.M. Ayress, B.D.
Mitchellr, B.B. Worrall’, S.J. Kittners?, M. Dichgans?, N. Rost:, C.D. Lange-
feld", D. Woo", A. Biffiz*, J. Rosand*s'+s, C.D. Anderson*s'+. 1) Department
of Neurology, Washington University School of Medicine in St Louis, St Louis,
MO; 2) Department of Medicine and Program for Personalized and Genomic
Medicine, University of Maryland School of Medicine, Baltimore, MD; 3) Insti-
tute for Stroke and Dementia Research (ISD), Ludwig-Maximilians-University
of Munich, Munich, Germany; 4) Center for Human Genetic Research, Mas-
sachusetts General Hospital, Boston, MA; 5) J. Philip Kistler Stroke Research
Center, Department of Neurology, Massachusetts General Hospital, Boston,
MA; 6) Department of Neurology, University of Virginia, Charlottesville, VA; 7)
Department of Public Health Science, University of Virginia, Charlottesville,
VA; 8) Department of Neurology, University of Maryland School of Medicine,
Baltimore, MD; 9) Department of Neurology, Veterans Affairs Medical Center,
Baltimore, MD; 10) Center for Public Health Genomics, Wake Forest School of
Medicine, Winston-Salem,NC; 11) University of Cincinnati College of Medicine,
Cincinnati, OH; 12) Division of Behavioral Neurology, Department of Neurolo-
gy, Massachusetts General Hospital, Boston, MA; 13) Division of Psychiatry,
Department of Psychiatry, Massachusetts General Hospital, Boston, MA; 14)
Division of Neurocritical Care and Emergency Neurology, Department of Neu-
rology, Massachusetts General Hospital, Boston, MA; 15) Program in Medical
and Population Genetics, Broad Institute, Cambridge, MA.

Objective: Primary intracerebral hemorrhage (ICH) and lacunar stroke
are acute manifestations of arteriolar injury. Myeloperoxidase (MPO) plays a
central role in the initiation and progression of vascular inflammation. We hy-
pothesized that genetic determinants of MPO levels influence risk of ICH and
lacunar stroke. Methods: We used a discovery cohort of 1409 ICH cases
and 1624 controls from 3 studies, an extension cohort of 12,577 IS cases and
25,643 controls from NINDS-SiGN, and a validation cohort of 10,307 IS cases
and 29,326 controls from METASTROKE. An unweighted MPO-increasing
genetic risk score (GRS) was constructed from fifteen single nucleotide poly-
morphisms (SNPs) arising from prior genome-wide studies of circulating MPO
levels (p<5x10+¢). We used multivariable regression models for association
between the MPO-GRS and ICH and IS subtypes, and fixed-effects meta-anal-
yses to pool estimates across studies. We utilized Cox regression models in a
prospective cohort of 174 ICH survivors for association with ICH recurrence.
Results: Genetic determinants of elevated circulating MPO levels were
associated with both ICH risk (odds ratio [OR] 1.07, p=0.04) and recurrent ICH
risk (hazards ratio [HR] 1.45, p=0.006). Analysis of IS subtypes demonstrated
association with MPO-GRS in only the lacunar subtype (OR 1.05, p=0.0012).
Interpretation: Genetic variants that increase circulating MPO levels increase
risk of ICH and lacunar stroke. Because genetic variants are not influenced
by environmental exposures, these results provide new evidence for a causal
rather than bystander role for MPO in the progression of cerebrovascular
disease. Furthermore, this also suggests that chronic inflammation may be a
potential modifiable stroke mechanism, and immune-targeted therapies could
be useful for treatment and prevention of cerebrovascular disease.

410T

Identifying high genetic risk groups for personalized medicine in Alzhei-
mer’s disease. S.J. van der Lee’, F.J. Wolters', A. Hofman'z, M.A. lkram', N.

Amin', C.M. van Duijn’. 1) Erasmus MC, Rotterdam, Rotterdam, Netherlands;
2) Harvard T.H. Chan School of Public Health, Boston, MA, USA.

Purpose: The gene encoding the apolipoprotein E protein (APOE) is a major
determinant for Alzheimer’s disease (AD). While the APOE*4 variant associate
with an increased risk of AD, the APOE*2 variant associates with a decreased
risk. In the past decade genome wide association and sequencing studies
identified 24 other genetic variants reaching genome wide significance. These
include rare variants with effects similar to APOE but predominantly com-
mon variants with small effects. Until now, it is unclear to what extend these
variants jointly modify the risk of AD. Methods: We calculated the lifetime
cumulative incidence of AD in the Rotterdam study. This prospective cohort
study included 12255 subjects (67.48 + 8.4 years at inclusion) free of AD at
age 60. After 12.9 + 6.3 years (maximum 24 years) of follow-up, 1262 partici-
pants developed AD. All participants were characterized for common and rare
variants using direct genotyping and imputation. Most recent published effect
sizes of new variants were used to calculate an AD specific genetic risk score
(AD-GRS) capturing the joint additive effect of the novel variants. Kaplan-Mei-
er-analyses were used to calculate cumulative risk lifetime by age of 85 years,
overall and stratified by APOE genotype. Results: We found that 58.6% of
the APOE*44 carriers developed AD prior by age 85 years while the risk of
APOE*22/23 carriers by age 85 is as low as 6.2%. Overall, there was a sig-
nificant effect of the AD-GRS on the risk of AD (low risk tertile to the high risk
tertile p-value = 1.0x10-2). For those in the low tertile of the AD-GRS the risk of
AD was 8.7% by age 85 while the cumulative for those in the high tertile was
17.7%. The cumulative incidence of the low tertile reached 17.7% by age 88.7,
translating into a 3.7 year difference in AD-free survival. Although the AD-GRS
differentiates the risk of AD across all APOE genotypes, there was evidence
for interaction with APOE genotypes (p = 0.01). APOE*44 carriers in the low
tertile of the AD-GRS on average developed AD eight years later than those in
the high AD-GRS tertile. Of the APOE*44 carriers in the high risk tertile, 82.9%
had developed AD by age 85 years given they survived to this age. Conclu-
sions: Combining the effects of multiple low and moderate risk variants can
identify those at high life-time risk of AD. The results can be used for clinical
counseling and patient selection for clinical intervention trials.
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Refining the role of de novo protein truncating variants in neurodevelop-
mental disorders using population reference samples. J.A. Kosmicki'2?,
K.E. Samocha'23, D.P. Howrigan?s, D.G. MacArthur?3, D.P. Wall*, E.B. Rob-
inson?3, M.J. Daly*2+. 1) Harvard Medical School, Boston, MA; 2) Massachu-
setts General Hospital, Boston, MA; 3) Broad Institute of Harvard and MIT,
Cambridge, MA; 4) Stanford University, Palo Alto, CA.

One of the fundamental challenges of human disease genetics is differentiat-
ing risk-conferring variants from the overwhelming amount of neutral variation
in the genome. De novo variants comprise a unique component of the genetic
architecture of human disease since, not having yet passed through a single
generation, any heterozygous variants with complete or near-complete elimi-
nation of reproductive fitness must reside almost exclusively in this category.
As such, recent studies found that de novo protein truncating variants (PTVs)
play a significant role in neurodevelopmental disorders. Despite prior evidence
of mutational recurrence (i.e., the same mutation occurring de novo multiple
times), most studies implicitly assumed each de novo variant was novel, in line
with Kimura'’s infinite sites model, and thereafter analyzed de novo variants
genome-wide without respect to their allele frequency in the population. We
examined these assumptions using data from 9477 families with ASD, intellec-
tual disability (ID), or developmental delay (DD), and found that overall ~1/3
of de novo variants are independently observed as standing variation in the
Exome Aggregation Consortium’s (ExAC) cohort of 60,706 adults without se-
vere neurodevelopmental disease. De novo PTVs absent from ExAC are more
strongly associated with neurodevelopmental risk than those present in EXAC,
evidenced by enhanced associations in ASD (rate ratio [RR]=1.8, P<10-2) and
ID/DD (RR=2.6, P<10+). In contrast, de novo PTVs present in EXAC do not
exhibit enrichment in ASD (RR=0.67, P=0.98) or ID/DD (RR=0.69, P=0.94).
We further use a loss-of-function intolerance metric derived from ExAC to
identify a small subset of genes that contain the entire signal of associated
de novo PTVs in ASD (RR=3.2, P<10-) and ID/DD (RR=6.7, P<10-%). These
same genes carry a moderate excess of PTVs inherited by individuals with
ASD from their unaffected parents (RR=1.2, P=0.01), and a larger excess
in 404 ASD cases and 3654 controls (OR=2.7, P<10-%), with no association
seen outside these genes. Furthermore, of the top 11 genes with =3 de novo
PTVs in ASD, all but 4 (DSCAM, ANK2, CHD8, ASH1L) are more significantly
enriched in ID/DD (OR=9.3, P<10-), indicating the majority of genes previous-
ly implicated in ASD using de novo variants are associated with ID/DD, not
ASD. Collectively, these findings illustrate the importance of population-based
cohorts as reference samples for even de novo variation.

412W
From one family to replication in five data sets: Two loci associated
with age-at-onset of familial and sporadic Alzheimer disease. E. Blue’,
E. Wijsman'23, T. Bird*¢, C-E. Yu’, T. Thorntonz. 1) Div Med Gen, Univ. of
Washington, Seattle, WA; 2) Dept Biostat, Univ. of Washington, Seattle, WA,
3) Dept Genome Sci, Univ of Washington, Seattle, WA; 4) Dept Medicine, Univ
of Washington, Seattle, WA; 5) Dept Neurology, Univ of Washington, Seattle,
WA, 6) Dept Psych Behav Sci, Univ of Washington, Seattle, WA; 7) Div Geront
Geriatr Med, Univ of Washington, Seattle, WA.

We have fine-mapped a linkage region in a single family, evaluated se-
quence variants within the region, and replicated association at 2 loci in 5
data sets. These data sets include subjects with early- (EO) and late-onset
(LO) Alzheimer disease (AD), with and without family history, and European
or Hispanic ancestry. We began with strong linkage signals on chromosomes
(chr) 1 and 17 for age-at-onset (AAO) modifiers in a German from Russia
(GFR) family with EOAD caused by the PSEN2 N1411 variant. We obtained
genome-wide SNP data on 32 members of the family and combined a
measured genotype (MG) approach with identity-by-state (IBS) and identi-
ty-by-descent estimates to reduce to one tenth the size of the linkage regions
in that family. We sequenced the exomes of 6 members of this family, and the
genomes of 4 of these, maximizing variant detection and phasing information
for the linked haplotypes. We applied bioinformatic and IBS filters as well as
the MG approach to derive a short list of candidate variants. We genotyped
these 54 variants in 331 subjects of GFR ancestry ascertained from both LO
and PSEN2 N1411I families, including the discovery family. We tested for as-
sociation between the residuals from a Cox proportional hazards analysis with
AAO of AD adjusted for both APOE and PSENZ2, incorporating known pedigree
information. We found 13 variants that were both nominally significant in the
discovery family and in the larger GFR sample. Using a similar model, we
tested for association between AAO of AD and these loci (+/-25kb) in exome
sequence variants observed in 5,567 cases and 4,961 controls with non-His-
panic European (EUR) ancestry from the Alzheimer's Disease Sequencing
Project. We found highly significant (p<10-) association between variants
surrounding two GFR loci: a promoter of NCSTN (chr1g23.2) and a promoter
of KDM6B (chr17p13.1). We performed similar analyses of SNP array-focused
data in a total of 4,203 EUR and 5,174 Caribbean Hispanic (CH) subjects from
5 different LOAD data sets encompassing both familial and unrelated subjects.
We found nominally significant evidence for association between AAO of AD
and SNPs surrounding the NCSTN locus with SNPs in each of one EUR and
one CH sample, and surrounding the KDM6B locus in each of 2 CH and 2
EUR data sets. We therefore show that loci associated with phenotypic varia-
tion in a Mendelian EO form of AD have similar effects in cases with sporadic
or familial LOAD as well as across populations.

Copyright © 2016 The American Society of Human Genetics. All rights reserved



44 Statistical Genetics and Genetic Epidemiology

413T

Identifying novel genes whose tissue-specific expression level causally
influence complex human traits. E. Porcu'2, A. Reymond', Z. Kutalik?*. 1)
Center for Integrative Genomics, University of Lausanne, Lausanne, Switzer-
land; 2) Swiss Institute of Bioinformatics, Lausanne, Switzerland; 3) Institute
of Social and Preventive Medicine, CHUV and University of Lausanne, Laus-
anne, Switzerland.

In the last decade Genome-Wide association studies (GWAS) identified
thousands of variants associated with hundreds of complex traits but in many
cases the underlying biological reason for such association is unknown. Given
that many GWAS loci fall far from coding regions of genes and the impor-
tance of regulatory variations in shaping complex phenotypes, we propose
to use gene expression quantitative trait loci (eQTLs) to interpret the role of
variants in a GWAS region and the complex trait. Recently, a study (Zhu et
al. Nature Genetics 48, 481-487 (2016)) applied Mendelian Randomization
(MR) approach using a single instrumental variable to search for the most
functionally significant genes at the loci associated in GWAS for complex
phenotypes by integrating association summary statistics and gene expression
eQTL data. Here, we propose an advanced MR approach that uses multiple
SNPs jointly as instruments and multiple gene expression traits simultaneously
in multiple tissues. Our method is not only more powerful than the previously
one, but verifies MR assumptions more rigorously. We applied the method
to schizophrenia using summary data from the latest GWAS meta-analyses
and various eQTLs datasets and identified more than 200 genes causally
implicated in schizophrenia in various tissues. Whereas we replicated 6 out
of the 17 signals reported by Zhu and colleagues, for the remaining 11 SNPs
we cannot ensure that the MR assumption of absence of pleiotropy holds.
Among our results we find examples of genes with a) overestimated effect
in single-gene analysis: e.g. SPCS1, p=1.2x10-*; b) significant association
only in the multiple-gene analysis: e.g. EFNA1, p=7.3x10+ ; c) tissue-specific
causal effects: e.g. INPP5B associated with schizophrenia only using brain
eQTLs, p=8.9x10 ; and d) not significant association in previous GWAS
analysis: e.g. LBHYPDH, p=1.6x10-s. These results suggest that a multi-
SNP and multiple-gene approach verifies MR assumptions more rigorously. It
allows unraveling new insights in the tissue-specific transcriptomic regulation
of complex traits. Such mechanistic insight should facilitate tissue-specific
pathway enrichment analysis. These observations confirm the importance of
integrating data from various tissues when trying to interpret GWAS results
using gene expression as an intermediate phenotype.

414F

Exploring the genetic architecture of ADHD by assessing the contribu-
tion of non-additive genetic effects and the role of rare coding variation.
D.S. Palmer'2, A. Bloemendal'2, D. Demontis**s, D.M. Hougaard?+s¢, A.D.
Barglum#+s, B.M. Neale'’, iPSYCH-Broad Consortium. 1) Broad Institute,
Boston, MA, USA; 2) ATGU, Massachusetts General Hospital, Boston, MA,
USA,; 3) iPSYCH, The Lundbeck Foundation Initiative for Integrative Psychi-
atric Research, Aarhus, Denmark; 4) Department of Biomedicine, Aarhus Uni-
versity, Aarhus, Denmark; 5) iISEQ, Centre for Integrative Sequencing, Aarhus
University, Aarhus, Denmark; 6) Center for Neonatal Screening, Department
for Congenital Disorders, Statens Serum Institut, Copenhagen, Denmark; 7)
Harvard Medical School, Boston, MA, USA.

Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental dis-
order characterized by hyperactivity, impulsivity and inattentiveness. Current
twin study estimates place heritability at ~0.76 [1], while SNP-based approach-
es estimate the additive contribution of SNP heritability at ~0.28 [2]. In order to
more thoroughly characterize the genetic architecture of ADHD, we examine
two additional sources of variance: non-additive genetic effects of common
variants and rare coding variation from exome sequencing. SNP-based ap-
proaches such as GREML [3] and LD score regression [4] assume a polygenic
model, where a large number of small effects combine additively toward a
continuous phenotype or case/control status. Here, we extend this ‘polygenic
model’ to allow for dominance effects upon the observed phenotype. Based on
the variance decomposition in Fisher’s original biometrical model [5], we aug-
ment the polygenic model with terms that act orthogonally to the additive ge-
netic effects. We develop an extension of the method of LD score regression
to estimate the additional heritability explained, and apply it to genotype data
from iPSYCH of 12,000 cases and 20,000 controls. We report on the increase
in heritability explained by accounting for dominance effects in our analysis.

To further explore the contribution to genetic architecture, we also examine ex-
ome sequence data from 3,500 ADHD cases and 6,000 controls. In this study,
whole exome data is obtained from stored bloodspots taken from the Danish
Neonatal Screening Biobank at Statens Serum Institut, Denmark. Using these
data, we find that cases of ADHD show an enriched rate of ultra-rare disruptive
and damaging mutations (OR=1.43, p=7e-6) but these mutations explain less
than 1% of the variance of ADHD.[1] Faraone et al, 2005. Molecular genetics
of attention-deficit/hyperactivity disorder. Biological Psychiatry.[2] Cross-Disor-
der Group of the Psychiatric Genomics Consortium, 2013. Genetic relationship
between five psychiatric disorders estimated from genome-wide SNPs. Nature
Genetics.[3] Yang et al, 2010. Common SNPs explain a large proportion of the
heritability for human height. Nature Genetics.[4] Bulik-Sullivan et al, 2015. LD
score regression distinguishes confounding from polygenicity in genome-wide
association studies. Nature Genetics.[5] Fisher, 1918. The Correlation be-
tween Relatives on the Supposition of Mendelian Inheritance. Phil. Trans. R.
Soc. Edinburgh. .
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De novo mutations account for a small fraction of the epidemiologic
association between autism and paternal age. E.B. Robinson’23, D.J.
Weiner23, E.M. Wigdor'23, S. Ripke'23+, J.A. Kosmicki'235, K.E. Samocha’23¢,
A. Bloemendal'23, M.J. Daly'23. 1) Analytic and Translational Genetics Unit,
Massachusetts General Hospital, Boston, MA; 2) Stanley Center for Psychiat-
ric Research, Broad Institute of MIT and Harvard, Boston, MA; 3) Medical and
Population Genetics Program, Broad Institute of MIT and Harvard, Boston,
MA; 4) Department of Psychiatry and Psychotherapy, Charite, Campus Mitte,
Berlin, Germany; 5) Center for Biomedical Informatics, Harvard Medical
School, Boston, MA; 6) Program in Genetics and Genomics, Biological and
Biomedical Sciences, Harvard Medical School, Boston, MA.

Advanced paternal age is consistently linked to risk for autism spectrum
disorders (ASDs). For example, one epidemiologic meta-analysis suggested
that men above age 50 are approximately 2.5 times as likely as men under
30 to have a child diagnosed with ASD (Hultman et al. 2011). It is commonly
assumed that this increase in risk is driven by de novo mutations, which also
increase with paternal age. However, a recent test of this assumption used
simulated data to estimate that de novo mutations were not likely to account
for more than 20% of the observed risk relationship between paternal age and
ASD (Gratten et al. 2016). Using empirical exome sequence and genotype
data from over 2500 families from the Simons Simplex Collections (SSC),
we aimed to directly estimate the amount of paternal age risk that could be
attributable to de novo mutations. We also aimed to directly test the hypoth-
esis that men who have children later in life could have greater common,
polygenic risk for ASD, an alternate genetic route to advanced paternal age
risk. In the SSC, nonsynonymous de novo mutations in the exome are 20%
more common in affected probands than in their unaffected siblings (odds
ratio (OR)~1.2). Consistent with previous estimates (Kong et al. 2012), we
found that nonsynonymous de novo mutations in controls increase at a rate of
approximately 3% per year of paternal age. Modeling this observed increase
against the empirical OR, we find that less than 10% of the epidemiologic
association between paternal age and ASD risk can be explained by de novo
mutations in the exome. Most genetic risk for ASDs reflects common, poly-
genic variation (Gaugler et al. 2014). We estimated the SSC parents’ polygen-
ic risk for ASD, as well as for educational attainment and schizophrenia (traits
genetically correlated with ASD; Bulik-Sullivan et al. 2015). Increasing paternal
age was significantly associated with higher polygenic risk for schizophrenia
(p=0.004) and educational attainment (p=0.001), but not ASDs (p=0.98).
These analyses suggest that 1) de novo mutations in the exome account for
a limited component of the epidemiologic association between paternal age
and ASD risk, and 2) some of the association is being driven by complex,
polygenic variation, an unchanging property of parents that influences timing
of childbearing. These findings have significant implications for public health
messaging and genetic studies of ASD.

416T

Genetic influence on age of onset of obsessive-compulsive disorder. H.
Qin', K. Wen', M. Ritter’, G. Nestadt?, Y. Yao'. 1) National Institute of Mental
Health (NIMH/NIH), Bethesda, MD; 2) Johns Hopkins University School of
Medicine, Baltimore, MD.

Obsessive-compulsive disorder (OCD) consists of obsession and com-
pulsion domains, characterized by frequent upsetting thoughts and rituals/
repeat behaviors that to relieve the anxiety caused by an obsession. The
National Comorbidity Survey Replication (NCS-R) estimated in 2005 that
1.0% of the US adult population had been affected by OCD in the past 12
months. Individuals with OCD begin to develop symptoms during childhood or
adolescence. Genetic predictors for the young onset OCD are solely needed.
In addition, genetic studies of young onset OCDs may lead to understanding
of the genetic underpinnings of OCD development. Our OCD Collaborative
Genetics Association Study project (OCGAS) recruited families with at least
two OCD-affected siblings from outpatient and inpatient clinics. Subjects were
diagnosed as “affected” if they had met DSM-IV OCD diagnosis criteria at any
point in their lives. Diagnostic assessments were conducted using the OCD
Collaborative Genetics Study Assessment Package. Probands were included
if age of onset £18. We hypothesized that young onset OCDs might be more
genetically driven. To take the advantage of the unique characteristics of our
samples, we conducted a genetic analysis to explore the potential relationship
between age of onset and genetic variants in a sample of OCD patients (n =
1,711). We categorized patients into two groups using the age of onset of 8
as threshold to determine the early onset (<8 years old) and late onset (>8
years old). We used the PLINK software to analyze genotypic and phenotypic
data and tested for potential association. As a result, we found a potential
correlation between the SNP rs4656781 and the age of onset of OCD (early
vs. late onset), with p-value of 6.58x107. The SNP is located in SPON1 gene.
A recent study showed that haplotypes on SPON1 were associated with
plasma concentrations of Methadone R- and S-enantiomers in heroin-depen-
dent patients. Also, SPON1 is known as a cell adhesion protein contributing to
the growth and guidance of axons in both the spinal cord and the peripheral
nervous system. However, we need note the limitations of our study, including
relatively small sample size, and the self-reported age of onset. To conclude,
albeit the fact that our study did not identify a genome-wide level significant
SNP, the preliminary results presented gave a suggestive association between
genetic variations and age of onset. This potential finding warrant further
investigations. .
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A semi-supervised learning approach to functional annotations for cod-
ing and noncoding variants. Z. Liu’, J. Zow?, |. lonita-Laza®. 1) Department
of Biostatistics, Harvard School of Public Health, Boston, MA; 2) Microsoft
Research New England and MIT, One Memorial Drive, Cambridge, MA 02142;
3) Department of Biostatistics, Columbia Mailman School of Public Health,
NYC, NY.

Predicting and interpreting the pathogenicity of mutations is a fundamental
challenge in human genetics. Great efforts have been devoted to generate
functional annotation of variation in the human genome sequence through
either high-throughput experiments such as the ENCODE project or computa-
tional predictions such as genomic conservation. Such annotations can help
identify putatively causal genetic variants obtained from genetic association
studies. There has been intense research efforts to develop supervised and
unsupervised methods that integrates functional annotations predict the
effects of genetic variants. Supervised methods use variants that are known
to be pathogenic or benign to train prediction algorithms. The major challenge
with this approach that only a small proportion of genetic variants can be
labeled reliably with its effects on humans. Methods such as CADD uses evo-
lutionary conservation as a surrogate for true pathogenicity. Recently we have
proposed two unsupervised approaches named Eigen and Eigen-PC, that do
not make use of any labeled data, and tend to outperform CADD. However, its
prediction accuracy can be improved if the information contained in the small
proportion of high quality labeled data is properly used. Here, we propose a
novel semi-supervised co-training approach to derive an annotation score that,
unlike any existing methods, can integrate both the labeled and unlabeled
data to increase predictive accuracy. This framework allows us to fully capture
the complementary benefits of previous methods. We show that the resulting
annotation score has better discriminatory power than Eigen and Eigen-PC
on noncoding variants from GWAS and eQTL studies, as well as in coding
mutations in Mendelian neuropsychiatric diseases.

418W

Whole genome analysis of the genetic relationship between atten-
tion deficit disorder and obsessive compulsive disorder. M. Ritter’, G.
Nestadt;, W. Guo’, H. Qin, Y. Yao Shugart'. 1) Unit on Statistical Genomics,
National Institute of Mental Health, NIH, Bethesda, MD; 2) Department of
Psychiatry and Behavioral Sciences, Johns Hopkins University School of
Medicine, Baltimore, MD.

Attention deficit disorder (ADHD) and obsessive compulsive disorder (OCD)
are both highly heritable, neurodevelopmental disorders that onset in child-
hood. The comorbidity of ADHD and OCD has often been observed in pediat-
ric populations, ranging from 10-50%. In this study, we aimed to examine the
genetic relationship between ADHD and OCD. In particular, this was done by
calculating polygenic risk scores. To take advantage of the publically available
data shared by the Broad Institute, we downloaded the summary statistics
from the PGC-GWAS analysis and used that dataset to predict the susceptibil-
ity of OCD. The OCD dataset includes 2,998 individuals from nuclear families.
The ADHD dataset contains 2,960 cases, as well as parental and independent
controls. Our meta —analysis did not detect any genome-wide significant sig-
nals. However, while conducting protein-protein interaction analyses, several
proteins were predicted to play a role in a complex network that may jointly
contribute to ADHD and OCD susceptibility. We would like to recognize that
the limitations of using polygenic risk scores and meta analyses to predict
psychiatric diseases require further work and a larger sample size. This will be
done by combining other relevant datasets into the above mentioned ones.
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Identification of novel genetic variants of DSM-5 Nicotine Use disorder:
Exome array analysis in National Epidemiology Survey on Alcohol and
Related Conditions-lll. J. Jung, H. Zhang, B. Grant. Laboratory of Epidemiol-
ogy and Biometry, NIH/NIAAA, Rockville, MD.

DSM-5 nicotine use disorder (NUD) is a complex addictive disorder that
affects about 32% of European Americans (EA) and 24% of African Americans
(AA). Moderate to severe DSM-5 NUD and DSM-4 nicotine dependence (ND)
have a concordance rate of 93% and DSM-4 ND has heritability of 50%-72%
based on twin studies. We analyzed data from the National Epidemiologic
Survey on Alcohol and Related Condition-IIl (NESARC-III) to perform an
exome array study of nicotine use disorder with moderate to severe symptoms
(NUD >=4). EA and AA in NESARC-IIl samples were genotyped by Affymetrix
Axiom Exome Chip 319K and 100K additional customized SNPs. EA samples
of 3,470 cases and 4,078 supernormal controls assessed DSM-5 with no
identified psychiatric disorders, and AA samples of 733 cases and 1,766 su-
pernormal controls were analyzed. A single SNP based analysis with common
variants (minor allele frequency (MAF)>=0.01) was performed to test asso-
ciations with moderate to severe NUD using an additive model, and a gene
(regional) based analysis with rare variants (MAF<0.05) was performed using
a Sequence Kernel Association Test (SKAT) after controlling for sex, age, fami-
ly income, marital status, education, and two population stratification scores.
In a gene based analysis using SKAT-OPT method, we found 21 genes with
p-value <2.5e-6 of a gene level threshold in EA and 7 of them (BCAP29,
FER1L6, LRRFIP2, MAP4K3, OMD, SPOCK2, SPTBNS5) were detected in AA
with p-value <0.005. Based on a single SNP analysis, we identified 12 novel
SNPs in EA with p-value <2e-7: MAP4K3, WDR17, BAZ2B, FOLR2, EIF4E2,
ZAK, LRRFIP2, DEPDCS5, KIF25, OR5K4, SPTBN5, SLC22A15 and 7 of 12
identified genes in EA were significant in AA with p-value <0.007; MAP4K3
(rs140914094), FOLR2 (rs150788760), ZAK(rs149819262), LRRFIP2
(rs144038552), DEPDCS5 (rs199749859), OR5K4 (rs78102601) , SPTBN5
(rs200664511). Both the gene based approach and the SNP based approach
detected associations between LRRFIP2, MAP4K3, and SPTBN5 with NUD in
both EA and AA. In addition, we confirmed the previous findings on associa-
tion of SPOCK2, MAP4K3 with nicotine-related phenotype such as smoking
behavior or lung cancer. Our preliminary data identified novel associations that
promises to improve understanding of the etiology of NUD.
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Vertex-wise heritability of human brain cortical thickness and surface
area using a twin and non-twin siblings design. S. Patel'2, M. Park**, G.A.
Devenyis, R. Patel, J. Knight'2s, M.M. Chakravarty*s. 1) Campbell Family
Mental Health Research Institute, Centre for Addiction and Mental Health,
Toronto, ON, Canada; 2) Institute of Medical Science, University of Toronto,
Toronto, ON, Canada; 3) Cerebral Imaging Centre, Douglas Mental Health
University Institute, McGill University, Verdun, QC, Canada; 4) Schulich School
of Medicine and Dentistry, Western University, London, ON, Canada; 5) Lan-
caster Medical School, Faculty of Health and Medicine, Lancaster University,
Lancaster, UK; 6) Department of Psychiatry, McGill University, Montreal, QC,
Canada.

Introduction Variation in complex phenotypes such as neuroanatomical
measurements can be accounted for by three factors: genetics (A), shared (C)
and unique environment (E). The genetic component is defined as heritability
and can be quantified using twin studies. The volume of the whole brain is
highly heritable with a heritability score of 90% [Baare et al., 2001]. Investigat-
ing the heritability of vertex based cortical thickness (CTh) and surface area
(SA) allows us to explore the genetics influence across brain regions to make
inference and interpretation of studies relating behavior and neuropsychiatric
disorders to the same structural phenotypes. Methods Database: High-res-
olution 3 Tesla, T1 weighted magnetic resonance images (MRI; 0.7mm isotro-
pic) from the Human Connectome Project (HCP) [Van Essen et al., 2013] were
used in this study (542 healthy subjects: 126 monozygotic twins, 144 dizygotic
twins and 272 siblings; age range of 22-36 years old). Image processing:
CIVET 1.1.12 pipeline [Collins et al., 1994, Lyttelton et al, 2007] was used to
measure CTh and SA at each vertex (40,962 in each hemisphere). Each voxel
is classified into either white matter (WM), gray matter (GM) or cerebrospinal
fluid (CSF). CTh is calculated by the distance in millimeters between WM sur-
face (interface between GM and WM) and GM surface (interface between GM
and CSF) at each vertex. The middle cortical surface which is at the geometric
center between the inner and outer cortical surface is used to measure SA.
Heritability calculations: Broad-sense heritability of vertex wise CTh and SA
was estimated using structural equation modeling implemented with OpenMx
package [Neale et al., 2015] within R. A univariate model controlling for sex
and age was used to examine the genetics, shared and unique environment.
Results Preliminary results demonstrate the overall heritability of SA was
higher than CTh. The posterior cingulate gyrus had a mean SA heritability
score of 69% (SDz 0.07). The highest mean heritability score of CTh was
within the paracentral lobule of 49% (SD+ 0.11). Conclusion A continuous
heritability spatial brain map is created from vertex based CTh and SA. The
preliminary results suggest that SA and CTh can be partly accounted by
genetic variation. Currently we are working with a larger HCP dataset (n=970)
to identify potential quantitative phenotypes to be used in neuropsychiatric
disorders based on heritability scores of SA and CTh.
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Integrative analysis of eQTL and GWAS detects novel genes having
pleiotropic effects on schizophrenia and gene regulations. Q. Wang'23, J.
Gelernter>3+s, H. Zhao'*¢". 1) Program in Computational Biology and Bioinfor-
matics, Yale University, New Haven, CT, USA; 2) Department of Psychiatry,
Yale University School of Medicine, West Haven, CT, USA; 3) VA CT Health-
care Center, West Haven, CT, USA, 4) Department of Genetics, Yale Universi-
ty School of Medicine, New Haven, CT, USA; 5) Department of Neuroscience,
Yale University School of Medicine, New Haven, CT, USA; 6) Department of
Biostatistics, Yale University School of Public Health, New Haven, CT, USA; 7)
VA Cooperative Studies Program Coordinating Center, West Haven, CT, USA.
Although genome-wide association studies (GWAS) have identified many
SNPs associated with psychiatric disorders, some have been difficult to
replicate and interpret functionally. This is due in part to polygenicity; therefore,
combining signals at the gene level should aid in interpretation and would
have the further potential to reveal underlying mechanisms. In search of
disease-associated genes, a number of studies aimed to identify differential
expression between cases and controls have yielded helpful insights. How-
ever, they have frequently suffered from confounding environmental factors;
thus the directionality of observed differential expression as consequences
of, or causal, genetic factors cannot be interpreted. Therefore, there is need
for statistical methods that can identify genes whose expression levels share
genetic factors with psychiatric disorders. We developed a novel method that
integrates GWAS summary statistics and expression quantitative trait locus
(eQTL) summary statistics to identify genes with pleiotropic effects. Observed
GWAS signals in genes are combined based on their eQTLs, and linkage dis-
equilibrium (LD) information extracted from 1000 Genomes Project data was
used in testing the level of statistical significance. Simulations under multiple
settings indicate well-controlled type | error rate and good statistical power for
this method. We applied our method to study the genetics of schizophrenia,
using GWAS summary statistics from the Psychiatric Genomics Consortium
(PGC), cis-eQTLs from the Genotype-Tissue Expression Project (GTEX),
and cis-/trans-eQTLs from the seeQTL database. A list of novel genes that
are not significant in VEGAS gene based test were identified by our method,
including 108 genes using GTEx eQTLs, 14 genes using seeQTL cis-eQTLs
and 9 genes using seeQTL trans-eQTLs. For example, a mitochondrial gene,
NDUFC1, was implicated with combined statistical significance level p<1e-6
using seeQTL trans-eQTLs, and has been reported to be differentially ex-
pressed in schizophrenia cases vs. controls. We also found that genes priori-
tized in our method are enriched in the set of differentially expressed genes in
a tissue specific manner, using schizophrenia gene expression datasets from
brain (GSE17612) and blood (GSE27383). Our results indicate the importance
of both trans-eQTLs and cis-eQTLs in capturing pleiotropic associations,
and might lead to further insights in the pathophysiological mechanisms of
schizophrenia.

422T

Mediation methods applied to post-traumatic stress disorder to identify
genomic effects. S. Gaynor', G. Guffanti®, T. Jovanovic?, L. Aiml, A. Lori, A.
Wingo?, E. Binder’, K. Ressler>:. 1) Harvard University, Boston, MA; 2) Emory
University, Atlanta, GA; 3) McLean Hospital, Belmont, MA.

Mediation methods have been developed to characterize causal relation-
ships that decompose a total effect into natural direct and indirect effects.
Recent studies have suggested that genomic analyses may be improved by
jointly analyzing SNP and gene expression data to analyze phenotypes of
complex diseases. We are able to perform such a joint analysis via the medi-
ation framework in order to: (1) elucidate the complete relationship between
genomics and diseases, (2) detect biologically important effects from genetic
disease-causing mechanisms and (3) better assess contributions by weak
genomic effects. Genetics of psychological disorders have been particularly
challenged by the weakness of sparse effects across the genome. We apply
the mediation approach to the Grady Trauma Project (GTP), a cross-sectional
study of post-traumatic stress disorder (PTSD). PTSD is an anxiety disor-
der that can occur after an individual experiences or witnesses a traumatic
event. Individuals respond differently to traumatic stress and it has thus been
suggested to have a genetic component. GTP has been collecting genetic,
genomic and clinical data on minority individuals in Atlanta, GA that have
been highly traumatized. We will leverage the GTP data to identify biological
mechanisms and mutations via mediation analysis in order to better biological-
ly characterize PTSD.
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Genome-wide polygenic atlas of the phenome in emerging adulthood. A.
Moscati', A.R. Docherty', D.M. Dick?, J.E. Savage’, J. Salvatore?, M.E. Cooke?,
F. Alievz, A.A. Moore', A.C. Edwards’, D.E. Adkins?, B.P. Riley', B.T. Webb’,
S.A. Bacanu', K.S. Kendler'. 1) Virginia Institute for Psychiatric and Behavioral
Genetics, Richmond, VA; 2) Virginia Commonwealth University Department of
Psychology, Richmond, VA; 3) Virginia Commonwealth University Center for
Biomarker Research and Personalized Medicine, Richmond, VA.

Goal: Identifying genetic relationships between complex traits in emerging
adulthood can provide useful etiological insights into risk for psychopatholo-
gy and other adverse outcomes. This study examined genomic and clinical
assessment data from a large sample of young adults (The VCU Student
Survey, a cohort sequential assessment of behavior and substance use in
college undergraduates, N = 5,951) to construct an atlas of polygenic risk
that indexed all clinical, health factor, and outcome data. Methods Used: This
study used genome-wide association studies of 34 diverse psychiatric phe-
notypes and health factors as discovery samples to calculate genome-wide
polygenic scores (GPS) and used them to predict 55 phenotypes in the
sample of undergraduate young adults. A special emphasis was placed on a
priori testing of previously published phenotypic and genetic relationships. All
analyses were tested separately in each ancestry group in the sample (African
ancestry, native populations of the Americas, East Asian ancestry, European
ancestry and South Asian ancestry) and corrected for multiple testing within
group. GPSs were also correlated with one another to examine polygenic
relationships between profile scores in the young adult sample Summary of
Results: The analyses resulted in over 1,800 associations between GPS and
phenotype, with over 80 reaching robust significance. The majority of a priori
hypotheses were replicated. A number of notable findings emerged beyond
the expected within-trait prediction (GPS for height and body mass index
predicted phenotypic height and BMI, respectively). The GPS for schizophre-
nia predicted depressive symptoms, anxiety symptoms, and nicotine use,
as well as experiences of interpersonal trauma and family history of mental
health problems. Furthermore, significant positive associations were observed
between schizophrenia, bipolar disorder, and major depressive disorder GPS.
Conversely, the subjective well-being GPS predicted fewer depressive symp-
toms, fewer anxiety symptoms, less family history of mental health problems,
as well as higher social support and relationship satisfaction. Many of these
associations were consistent across all ancestry groups. These analyses high-
light the power of a careful polygenic modeling framework in younger samples,
and provide potential avenues for prediction of risk and resilience in emerging
adulthood.

424W

Investigating the inflammatory hypothesis of depression using Mende-
lian randomization in the Avon Longitudinal Study of Parents and Chil-
dren. H.M. Sallis'?, L. Paternoster, J. Evans?, G. Davey-Smith'. 1) MRC IEU,
School of Social and Community Medicine, University of Bristol, Bristol, Bristol,
United Kingdom; 2) Centre for Academic Mental Health, School of Social and
Community Medicine, University of Bristol, Bristol, United Kingdom.

To date, our understanding of the aetiology of depression and its mecha-
nisms is relatively limited. However, there is currently much interest in the
‘inflammatory hypothesis’ of depression, which postulates that depressive
symptoms could stem from an increase in levels of inflammatory markers such
as pro-inflammatory cytokines. Many groups have reported increased levels
of inflammatory biomarkers, including tumor necrosis factor (TNF)-a, c-reac-
tive protein (CRP) and interleukin (IL)-6, among patients with a depressive
disorder or increased depressive symptoms. However, the majority of these
are observational associations from cross-sectional data. It is thus unclear
whether these levels of circulating inflammatory markers are a potential cause,
or effect, of the mood disorder itself, or simply a chance finding. Using data
from the Avon Longitudinal Study of Parents and Children (ALSPAC), we have
investigated this hypothesis by looking at the association between depression
and a number of exposures with known inflammatory responses and strong
genetic instruments, using a combination of Mendelian randomization (MR)
approaches. These exposures were interleukin (IL)-6 (a pro-inflammatory
cytokine), vitamin D, which is thought to have anti-inflammatory properties,
and the chronic, inflammatory skin condition, eczema. For each exposure,
we looked at the instrument-outcome association and a 2 stage least squares
regression. For the IL-6 analyses, we were also able to incorporate data from
2 independent European cohorts to perform a 2-sample MR. Initial results from
our MR analyses suggest some evidence of an association between increased
IL-6 levels and depressive symptoms, and between decreased vitamin D
and depressive symptoms, while the link between eczema and depression is
less clear. Viewed together, these results may provide some support for the
inflammatory hypothesis of depression. 1 Maier SF, Watkins LR. Psychol
Rev 1998; 105: 83—107. 2 Smith RS. Med Hypotheses 1991; 35: 298-306. 3
Howren MB, Lamkin DM, Suls J. Psychosom Med 2009; 71: 171-86. 4 Dowlati
Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK et al. Biol Psychiatry
2010; 67: 446-57. 5 Liu Y, Ho RC-M, Mak A. J Affect Disord 2012; 139: 230-9.
6 Valkanova V, Ebmeier KP, Allan CL. J Affect Disord 2013; 150: 736—44.
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Shared genetic effects between clinical ADHD and smoking, alcohol and
breastfeeding in mothers from the general population. E. Stergiakouli'?,

J. Martins, M. Hamshere?, B. St Pourcain’, N. Timpson', A. Thapar’, G. Davey
Smiths. 1) MRC Integrative Epidemiology Unit (IEU) at the University of Bristol,
Bristol, United Kingdom; 2) School of Oral and Dental Sciences, University

of Bristol, Bristol, United Kingdom; 3) Institute of Psychological Medicine

and Clinical Neurosciences, MRC Centre for Neuropsychiatric Genetics and
Genomics, Cardiff University School of Medicine, Cardiff, UK; 4) Max Planck
Institute for Psycholinguistics, Nijmegen, The Netherlands.

Introduction: Smoking and alcohol consumption during pregnancy have
been suggested as possible risk factors for ADHD. Inferring causality has not
been possible because the mother provides both the prenatal environment
and genetic risk factors for ADHD. We investigated if there are shared genetic
effects between ADHD and possible risk factors for ADHD using polygenic risk

score analysis in mothers from the general population. Materials and Methods:

ADHD polygenic risk scores were calculated for 8340 mothers from the Avon
Longitudinal Study of Parents and Children (ALSPAC) based on the results of
a genome-wide ADHD case-control study (Stergiakouli et al. 2012). We tested
polygenic scores for association with smoking status and alcohol consumption
before pregnancy and during the first trimester and with breastfeeding status
at 2 months postnatally. Results: Higher genetic risk for ADHD was associated
with higher odds of smoking before and during the first trimester of pregnancy
and not breastfeeding at 2 months after birth (see Table). However, there was
no evidence of association with alcohol consumption. Adjusting for the ADHD
polygenic score of the child did not change the association. Conclusions: Our
results show for the first time that there are shared genetic effects between
ADHD and life style choices in adults from the general population that do not
reach diagnostic criteria for the disorder. The mother can not only transmit
genetic risk for ADHD to her offspring but also expose the child to risk factors
through her life style choices that are in turn influenced by her genetic risk for
ADHD.

lOutcome N IOR (95% Cls) p value
|Smoking before pregnancy 7530 1.05 (1.01 to 1.1) 0.03
ISmoking at first trimester 7543 1.08 (1.03 to 1.15) 0.002
IAlcohol consumption before pregnancy  |7530 0.99 (0.91 to 1.08) 0.9
lAlcohol consumption at first trimester 7543 0.98 (0.94 to 1.03) 0.5
Breastfeeding 6604 1.06 (1.01 to 1.11) 0.03

426F

Dynamic trajectories of psychiatric hospitalizations in the Danish
population for subjects with 22q11.2 deletions and duplications. W.K.
Thompson', L. Olsen', S. Weinsheimer', M. Bertalan', W. Mazin', J. Grauholm?,
M. Hollegard?, D. Hougaard?, C.B. Pedersen?, P.B. Mortensens, T. Werge', T.
Sparso’, iPSYCH, The Lundbeck Foundation Initiative for Integrative Psychi-
atric Research. 1) Institute of Biological Psychiatry, Roskilde, Region Sjeeland,
Denmark; 2) Section of Neonatal Genetics and the Danish Neonatal Screening
Biobank, Copenhagen, Denmark; 3) National Centre for Register-based Re-
search, Aarhus, Denmark.

Purpose: Genetic rearrangements in the 22q11.2 region are mediated by
LCR. Frequency estimates of the 3Mb deletion has so far been based on
hospital recruitments and commonly referred to as 1:4000 newborns. A unique
source for population-based studies is provided by the iPSYCH initiative (www.
ipsych.au.dk). Dried bloodspots from all newborns have been stored since
1982 and today DNA has been extracted from 76,109 individuals (N=25,703
are random samples). Here, we present the first accurate population-based
prevalence of both 22q11.2 deletions and duplications. Using the National
Health Registry, we provide population-based incidence rate ratio (IRR)
estimates for neurodevelopmental disorders in individuals with the 22q11.2 re-
arrangement. We used incidence density sampling to calculate incidence rate
ratio (IRR) estimates for the psychiatric diagnostic categories (ADHD, autism,
schizophrenia, and mental retardation). We also perform dynamic survival
analyses showing the pattern of diagnoses as a function of age and 22q11.2
rearrangement type. These estimates are weighted using approprite case-co-
hort weights and are therefore interpretable as an unbiased estimated of the
effect of 22q11.2 rearrangements on psychiatric hospitalizations in all of Den-
mark. Results: Among the 25,703 population-based samples we observed a
frequency of 0.027% (1:3672) for 22q11.2 deletions and 0.0622% (1:1606) for
the reciprocal duplications. In our samples of ADHD (N=16,715), autism spec-
trum (N=14,333), schizophrenia (N=2,623) and mental retardation (N=4,097),
we found a significant increased IRR for individuals carrying the 22q11.2
deletion (ADHD: IRR=5.00 (p=0.0026), autism: IRR=6.00 (p=0.00309),
mental retardation: IRR=14.29 (0<0.00001). Carriers of the reciprocal 22q11.2
duplication showed similar increased risk for neurodevelopmental disorders
(ADHD: IRR=3.75 (p=0.00053), autism: IRR=2.86 (p=0.018), schizophrenia:
IRR=4.29 (p=0.035), and mental retardation: IRR=4.10 (p=0.00398), however,
not as profound as for deletion carriers. Conclusion: True population-based
frequency of the 22q11.2 deletion is marginally higher than the widely accept-
ed 1:4000. Both the 22q11.2 deletion/duplication confer risk of neurodevelop-
mental disorders at the population-level.
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Gene-based meta-analysis of genome wide association studies uncovers
novel genes associated with alcohol use disorder. H. Zhang, J. Jung, B.
Grant. NIH/NIAAA, Rockville, MD.

Alcohol use disorder (AUD) is widespread around the world. Research
shows that genetic factors account for about half of the risk for alcoholism
(heritability = 0.49). Previous genome-wide association studies (GWAS)
typically focus on single variant analysis, which may not have enough power to
detect the majority of truly susceptibility genes. We performed gene based me-
ta-analysis using publicly available data genotyped at the lllumina 1M bead-
chip from the Study of Addiction: Genetics and Environment (SAGE; dbGap
study Accession: phs000092), which included 1,235 alcohol dependent cases
and 1,433 unrelated, alcohol-exposed, nondependent controls in the European
ancestry (EA) cohort and 662 alcohol dependent cases and 499 controls in the
African American (AA) cohort. The VEGAS (VErsatile Gene-based Association
Study) program was used to conduct gene-based association analysis in each
cohort separately before gene-based meta-analysis was performed using
Fisher’s method. Among 38 genes that yielded P < 10~ in the EA discovery
cohort, six novel genes (GATAD1, ING3, OR52R1, CTD-2270F17.1, ASB13
and PIWIL4) passed a marginally significant threshold (P < 0.10) in the AA
replication cohort and generated significant outcomes (combined P < 107) in
meta-analysis. Notably, variants at the GATAD1 locus on 7q21 were associ-
ated with alcohol use disorder (discovery P = 2.8x10+, replication P = 0.022,
combined P = 7.8x10-). Our gene-based meta-analysis of GWAS indicated
several novel susceptibility genes are involved in alcohol use disorder. Our
results also suggest that gene-based GWAS models may be powerful in identi-
fying and prioritizing candidate loci for association studies.
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Evaluating polygenic risk for narcolepsy and essential hypersomnia,
including SNP and CNV. M. Yamasaki', T. Miyagawa'?, H. Toyoda’, S.S.
Khor', X. Liws, H. Kuwabara*, Y. Kano‘, T. Shimadas, T. Sugiyama®, H. Nishida’,
N. Sugayas, M. Tochigi, T. Otowar, Y. Okazaki", H. Kaiya®, Y. Kawamura®,

A. Miyashita”, R. Kuwano, K. Kasai, H. Taniis, T. Sasaki', Y. Honda", M.
Honda>", K. Tokunaga'. 1) Department of Human Genetics, Graduate School
of Medicine, The University of Tokyo, Tokyo, Japan; 2) Sleep Control Project,
Department of Psychiatry and Behavioral Sciences, Tokyo Metropolitan
Institute of Medical Science, Tokyo, Japan; 3) Laboratory for Genotyping
Development, Center for Genomic Medicine, RIKEN, Kanagawa, Japan; 4)
Department of Child Psychiatry, Graduate School of Medicine, The University
of Tokyo, Tokyo, Japan; 5) Division for Counseling and Support, The University
of Tokyo, Tokyo, Japan; 6) Department of Child and Adolescent Psychiatry,
Hamamatsu University School of Medicine, Shizuoka, Japan; 7) Asunaro
Hospital for Child and Adolescent Psychiatiry, Mie, Japan; 8) Department of
Epidemiology and Public Health, Yokohama City University Graduate school
of Medicine, Kanagawa, Japan; 9) Department of Neuropsychiatry, Teikyo
University Hospital, Tokyo, Japan; 10) Department of Neuropsychiatry, Grad-
uate School of Medicine, The University of Tokyo, Tokyo, Japan; 11) Tokyo
Metropolitan Matsuzawa Hospital, Tokyo, Japan; 12) Panic Disorder Research
Center, Warakukai Med. Corp., Tokyo, Japan; 13) Department of Psychiatry,
Shonan Kamakura General Hospital, Kanagawa, Japan; 14) Department of
Molecular Genetics, Bioresource Science Branch, Center for Bioresources,
Brain Research Institute, Niigata University, Niigata, Japan; 15) Department of
Psychiatry, Institute of Medical Life Science, Graduate School of Medicine, Mie
University, Japan; 16) Department of Physical and Health Education, Graduate
School of Education, The University of Tokyo, Tokyo, Japan; 17) Japan Som-
nology Center, Neuropsychiatric Research Institute, Tokyo, Japan.

In humans, narcolepsy is a sleep disorder that is characterized by sleepi-
ness, cataplexy, and rapid eye movement (REM) sleep abnormalities. Essen-
tial hypersomnia (EHS) is another type of sleep disorder that is characterized
by excessive daytime sleepiness without cataplexy. A human leukocyte
antigen (HLA) class Il allele, HLA-DQB1*06:02, is a major genetic factor for
narcolepsy. Almost all narcoleptic patients are carriers of this HLA allele, while
30% to 50% of EHS patients and 12% of all healthy individuals in Japan carry
this allele. The pathogenesis of narcolepsy and EHS are thought to be partially
shared.In order to evaluate the contribution of common SNP to narcolepsy
onset and to assess the common genetic background of narcolepsy and EHS,
we conducted a polygenic analysis that included 393 narcoleptic patients,

38 EHS patients with HLA-DQB1*06:02, 119 EHS patients without HLA-
DQB1*06:02, and 1,582 healthy individuals. We also included 376 individuals
with panic disorder and 213 individuals with autism to confirm whether the
results were biased. Polygenic risks in narcolepsy were estimated to explain
58.1% (Praocsrosoz = 2.30 X 108, Punte genome witnout Hiaoaeros0z = 6.73 x 107) includ-

ing HLA-DQB1*06:02 effects and 1.3% (Pwho\egenumew\thoulHLkDQE!‘Oﬁ o =243 x 102)
excluding HLA-DQB1*06:02 effects. The results also indicated that small-ef-
fect SNPs contributed to the development of narcolepsy. Reported suscep-
tibility SNPs for narcolepsy in the Japanese population, CPT1B, TRA@,

and P2RY11, were found to explain 0.8% of narcolepsy onset (Pune genome witnou
nanasrosee = 9.74 % 102). EHS patients with HLA-DQB1*06:02 were estimated
to have higher shared genetic background to narcoleptic patients than EHS
patients without HLA-DQB1*06:02 even when the effects of HLA-DQB1*06:02
were excluded (EHS with HLA-DQB1*06:02: 40.4%, Puocsrosez = 7.02 % 104,
Panote genome without HLa-0aB1-06:02 = 1.34 X 10", EHS without HLA-DQB1*06:02: 0.4%, Punoe
genome witout HLApcerosz = 3.06 X 107). Meanwhile, the polygenic risks for narcolepsy
could not explain the onset of panic disorder and autism, suggesting that our
results were reasonable.In addition to SNP-based polygenic analysis, we
evaluated polygenic risks including not only SNP but also CNV, so that we can
get more integrated genetic background.
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Pleiotropic effects of CSF levels of Alzheimer’s disease proteins. O.
Vsevolozhskaya', D. Zaykin?, D. Fardo'. 1) Biostatistics, University of Ken-
tucky, Lexington, KY; 2) Biostatistics & Computational Biology Branch, Nation-
al Institute of Environmental Health Sciences, Cary, NC.

Cerebrospinal fluid (CSF) analytes harbor potential as diagnostic biomark-
ers for Alzheimer’s Disease (AD). Quantitative measures of CSF proteins
comprise a set of often highly correlated endophenotypes that have previ-
ously shown promise in genetic analyses (Cruchaga et al., 2013; Kauwe et
al., 2014). Pleiotropic impact of genetic variations on this set may provide
additional insights into AD pathology at its earliest stages. To determine which
specific endophenotypes are pleiotropic, one can employ methods based on
the reverse regression of genotype on phenotypes. Recently, we proposed
a method based functional linear models (Vsevolozhskaya et al, 2016) that
utilizes reverse regression and simultaneously evaluates all variants within a
genetic region for an association with multiple correlated phenotypes. Here
we apply our novel methodology to explore pleiotropic effects of CSF analtyes
using Alzheimer's Disease Neuroimaging Initiative (ADNI) data.

430W
GWASSs of ability to carry a musical tune and mathematical educational
attainment. R. Bell, D. Hinds, C. Tian. 23andMe Inc., Mountain View, CA.
We describe the results of large-scale GWAS of two interesting cognitive
traits in the 23andMe cohort — the self-reported ability to carry a musical tune
and the highest level of mathematics classes completed. Our musical tune
analysis included 130,673 cases and 85,081 controls of European ancestry
and revealed twenty-five novel associations that exceed the genome-wide
significance threshold. These included a noncoding variant rs6882046
upstream of MEF2C (p=1.3e-23), which is in the MEF2 family of proteins that
play a role in myogenesis and muscle differentiation and also play a role in
brain development, learning and memory. The musical tune trait is genetically
correlated in the 23andMe cohort with other music-related phenotypes such as
the ability to clap to a beat (LD score rg=.75), perfect pitch (LD score rg=.88),
and the ability to sing back musical notes (LD score rg=.97). It also shares
significant associations with several other music-related phenotypes. The
math analysis included 210,135 research participants of European ances-
try and revealed twenty-nine associations that exceeded the genome-wide
significance level. Associations included a loss of function variant rs10555297
in GIGYF2 (p=2.5e-13), which is involved in tyrosine kinase regulation, and
rs4500960 in SLC4A10 (p=1.5e-11), a sodium coupled bicarbonate transporter
that regulates intracellular pH of neurons. The trait is genetically correlated in
the 23andMe cohort with other academic achievement traits such as having
completed college, years of education (both LD score rg=.80), and other
phenotypes relating to math ability such as working in a technical occupation
(LD score rg=.74). It also shares significant associations with many of those
phenotypes. We found that the math class and carry a tune phenotypes are
not significantly correlated (LD score rg=-.05, p=.08) but they do share several
significant associations both with the same effect direction and opposite effect
direction. This data suggests there may be both synergy in the underlying
mechanisms in some cases versus a tradeoff in other cases. Overall the anal-
ysis suggested that the complex phenotypes included in our study are highly
polygenic, share common factors with related phenotypes, but are nonethe-
less quite distinct.
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A genome-wide association study of mitochondrial DNA copy number in
mothers and children from the Avon Longitudinal Study of Parents and
Children (ALSPAC). A.L. Guyatt'?, K. Burrows"?, P.A.l. Guthrie?, T.R. Gaunt'2,
S. Rodriguez*2. 1) MRC Integrative Epidemiology Unit, University of Bristol,
Bristol, United Kingdom; 2) School of Social & Community Medicine, Universi-
ty of Bristol, Bristol, United Kingdom.

Background: The mitochondrial genome (MtDNA) is expressed at variable
copy number between cell populations and individuals. Since rare mutations
in nuclear genes lead to a reduction in MtDNA copy number (the ‘mitochon-
drial depletion syndromes’), we hypothesised that smaller, population-level
differences in MtDNA copy number might be attributable to common, nuclear
DNA polymorphisms. Methods: We performed a genome-wide association
study (GWAS) in the ALSPAC study. For the main analysis, 2805 mothers
(mean age 28 years), 3712 children (mean age 8 years) and 2164 neonates
were studied (these participants were unrelated). Since cell populations vary in
their mitochondrial content, we undertook additional analyses in which we con-
trolled for white cell proportions, as estimated previously from methylation data
by the Houseman method. Results: rs57968500 (PSMD3 intron) on chr17
was associated with a -0.16 (S.E. 0.027, p=3.98e-09) change in SD units of
log MtDNA copy number, in mothers. In unrelated neonates, but not children,
this association was also present (beta [SE]=-0.13 [0.031], p=3.49e-05, beta
[SE]=-0.02 [0.024], p=0.525, respectively). In addition, to assess the effects
of cell proportions on the rs57968500 chr17 association (a known GWAS
white cell count locus), a larger population of mothers was used. In order to
maximise power, it was necessary to include some who were related to the
offspring: beta (unadjusted) [SE]=-0.12 [0.019], p=1.26e-09, N=5431; beta
(cell-proportion adjusted) [SE]=-0.04 [0.060], p=0.516, N=642. In neonates,
an association at rs10424198 (chr19, ABHD8 intron) was observed (beta
[SE]=-0.26 [0.034], p=3.84e-14). ABHD8 is in head-to-head orientation with
the mitochondrial ribosomal protein L34: a SNP in MRPL34 rs11548548
[synonymous]) was in LD (r2=0.27, D’=0.89) with rs10424198, and neared
genome-wide significance (beta [SE]=-0.25 [0.047], p=2.43e-07). However, the
rs10424198 association was not replicated in mothers or children. Conclu-
sion: We observed associations between MtDNA copy number and a white
cell count locus. Although this association diminished after controlling for cell
proportions, this analysis had limited power, and replication in larger cohorts
is warranted. A chr19 locus was associated with MtDNA copy number in
neonates: given its location in proximity to a mitochondrial ribosomal protein
implicated in organelle biogenesis, it will be important to see whether this
locus replicates in other neonatal populations.

432F

Mitochondrial haplogroup backgrounds modify the phenotypic impact
of SNPs in genes relevant to mitochondrial function. R.T. Levinson’, D.C.
Samuels'z 1) Vanderbilt Genetics Institute, Vanderbilt University School of
Medicine, Nashville, TN; 2) Department of Molecular Physiology and Biophys-
ics, Vanderbilt University School of Medicine, Nashville, TN.

Mitochondrial haplogroups are patterns of genetic variation that are
maternally inherited and are specific to continental ancestry. Mitochondrial
haplogroups have been associated with neurological and immune function
phenotypes, among others. Despite having their own genomes, mitochondria
are still dependent on ~1000 proteins encoded in the nucleus for proper func-
tion. Using BioVU, a biobank linked to de-identified EHRs, we explored the
relationship between nuclear and mitochondrial genetic variation in humans.
We determined the mitochondrial haplogroup of 20,064 White individuals
randomly split into discovery (n=13391) and replication (n= 6673) sets. Com-
mon nonsynonymous SNPs in genes on the MitoCarta2 list of genes relevant
to mitochondria and present on the lllumina Human Exome BeadChip were
obtained for these individuals. We performed a phenome-wide association
study (PheWAS) to evaluate whether the presence of a SNP in individuals of
a given mitochondrial haplogroup increased the likelihood of a medically rel-
evant phenotype compared to individuals without the SNP or the haplogroup.
ICD.9 codes aggregated into groups of similar phenotypes were used as our
outcomes, and all regressions were adjusted for age at last record and gender.
Several different nuclear SNPs in combination with the common mitochondrial
haplogroup H increased the risk of cancer phenotypes. In contrast, on the
background of haplogroup IWX, the SNPs tested were more likely to increase
the risk for immune phenotypes. Overall, we noticed that different haplogroup
backgrounds had different general areas of significant phenotypes. In conclu-
sion, our study provides evidence that mitochondrial haplogroup backgrounds
may impact the phenotypic effect of SNPs in genes relevant to mitochondrial
function.
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Comparison of mitochondrial DNA copy number estimation techniques
from multiple platforms. R.J. Longchamps’, R.N. Eggebeen’, J.A. Lane? F.N.
Ashar', T.M. Bartzs, N. Pankratz?, D.E. Arking'. 1) Mckusick-Nathans Institute
of Genetic Medicine, Johns Hopkins University, Baltimore, MD; 2) Department
of Laboratory Medicine and Pathology, University of Minnesota School of
Medicine, Minneapolis, MN; 3) Department of Biostatistics, University of Wash-
ington, Seattle, WA.

Mitochondrial DNA copy number (mtDNA-CN) declines with age and is
associated with frailty, cardiovascular disease, and overall mortality. The gold
standard for determining mtDNA-CN is gPCR; however this method is cost
prohibitive for large scale association studies. We have recently developed
several methods (available in Genvisis) to overcome this issue by leveraging
preexisting data in the forms of microarray raw probe intensities and next
generation sequencing read counts. Here, we compare mtDNA estimated from
gPCR, the Affymetrix 6.0, the lllumina Exome Chip, Whole Exome Sequenc-
ing (WES) data and Whole Genome Sequencing (WGS) data to highlight the
best technique for accurately quantifying mtDNA-CN. White blood cell (WBC)
count is known to be negatively associated with mtDNA-CN. SNPs associated
with WBC count were used as proxies to evaluate how well each platform
accurately measured mtDNA-CN. Data from 29,273 individuals (22.3% African
American [AA]) across four independent cohorts (ARIC, MESA, CHS, and
LLFS) were used to evaluate effect size (beta) concordance with known WBC
count SNPs (n = 13) to determine which method maximized known associa-
tion signals. Initial analysis for AA in MESA determined Affymetrix optimally
maximized signal from rs2814778, the top Duffy locus SNP, a well-established
WBC count locus in African Americans. The effect size estimate for Affymetrix
was -0.29 standard deviation units (SE = 0.043) compared to -0.16 and -0.17
(SE = 0.044 and 0.044) for the Exome chip and gPCR metrics, respectively.

A similar analysis within the ARIC cohort revealed WES to perform similarly

to the Exome chip. In a further comparison of effect size estimates, a GWAS
for WBC count was compared to a GWAS for mtDNA-CN within ARIC for all
SNPs p < 0.0001. The highest correlation belonged to the Affymetrix array
with a correlation coefficient of -0.579 compared to -0.228 for the Exome Chip,
-0.262 for WES and -0.128 for WGS. Here we illustrate the ability to use WBC
as a proxy for evaluating mtDNA-CN estimates derived from five separate
platforms. With the ability to collect information from hundreds of mitochondri-
al probes, estimates from microarrays appeared to maximize signal relative

to qPCR. Interestingly, our metric derived from sequencing read count data
does not appear to outperform mtDNA-CN calculated from microarray data.
However, our results show that despite the poor signal, mtDNA-CN can still be
derived from the Exome Chip, WGS and WES data.

434T
A genome wide association study for exfoliation syndrome in a Euro-
pean-ancestry sample. R.P. Igo’, J.N. Cooke Bailey', J.H. Kang?, P. Kraft:,
R. Allingham*, M. Hausers, J. Fingerts, R. Ritch’, A. Sit, T. Aunge, C.C. Khor,
R. Lee™, M.A. Pericak-Vance®, W. Scott®, L.R. Pasquale®, J.L. Haines’, J.L.
Wiggs®. 1) Epidemiology & Biostatistics, Case Western Reserve Univ, Cleve-
land, OH; 2) Channing Division of Network Medicine, Brigham and Women’s
Hopital, Harvard Medical School, Boston, MA; 3) Program in Genetic Epide-
miology and Statistical Genetics, T.H. Chan Harvard School of Public Health,
Boston, MA; 4) Department of Ophthalmology, Duke University Medical Cen-
ter, Durham, NC; 5) Department of Medicine, Duke University Medical Center,
Durham, NC; 6) Department of Ophthalmology, University of lowa, College of
Medicine, lowa City, IA; 7) Einhorn Clinical Research Center, Department of
Ophthalmology, New York Eye and Ear Infirmary of Mt. Sinai, New York, NY;
8) Department of Ophthalmology, Mayo Clinic, Rochester, MN; 9) Singapore
Eye Research Institute, Singapore National Eye Centre, Singapore and Eye
Academic Clinical Program, Duke-National University of Singapore Graduate
Medical School, Singapore; 10) Division of Human Genetics, Genome Institute
of Singapore, Singapore and Department of Ophthalmology, Yong Loo Lin
School of Medicine, National University of Singapore, Singapore; 11) Bascom
Palmer Eye Institute, University of Miami Miller School of Medicine, Miami, FL;
12) Institute for Human Genomics, University of Miami Miller School of Medi-
cine, Miami, FL; 13) Department of Ophthalmology, Harvard Medical School,
Massachusetts Eye and Ear Infirmary, Boston, MA.

Exfoliation syndrome (XFS), involving the deposition of proteinaceous
fibers on ocular tissues, is a major cause of glaucoma, cataract and other
eye diseases. The LOXL1 gene is the only well-characterized risk locus for
XFS with strong effect, and while CACNA1A has recently been implicated as
a causal locus with small effect from a Japanese sample (Aung et al., 2015,
Nat Genet 47, 387), there still remain undiscovered genetic determinants of
XFS. We conducted a genomewide association study (GWAS) on a sample of
1,124 XFS cases and 4,894 controls of European ancestry, using the lllumina
OmniExpress panel (532,011 common variants with minor allele frequency 3
0.01 after quality control). Association analysis for single common variants was
carried out by means of logistic regression, adjusting for sex and six principal
components for population structure, using an additive genetic model. Con-
sistent with previous studies, we observed an exceedingly strong association
signal at LOXL1, with numerous genomewide significant markers with odds
ratios near 4.0 for the common alleles (most significant marker: rs2165241,
OR =4.11 for the A allele, 95% CI = (3.65, 4.62), p = 4.0E-121). In addition,
suggestive association results (1E-07 < p < 1E-06) appeared on chromo-
some 3q (rs7629566, intronic to CEP19 and PIGX) and on chromosome 6p
(rs2763122, within pseudogene HNRNPLP1). We did not, however, observe
strong association in or near previously reported XFS loci CACNA1A or CLU
(best p > 0.001 within 100 kilobasepairs of gene). Moreover, our chromosome
3q and 6p findings were not strongly supported by results from three previous
EXF GWAS on cohorts of European ancestry. Overall, these results support
LOXL1 as a major risk factor for XFS in this European Caucasian population,
and suggest that there are no other common genetic risk factors in this sample
with moderate to large effects. Grant support: NIH/NEI RO1 EY020928.
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Common and rare variants of congenital cataract genes and age-related
nuclear cataract: International Cataract Genetics Consortium. E. Yonova’,
W. Zhao?, R.P. Igo Jr¢, P. Sundaresan’, A. Fletchers, C.C. Klavers, B.E. Klein’,
J.J. Wangs, S.K. lyengars, C.J. Hammond-s, C.Y. Cheng?™, International
Cataract Genetics Consortium. 1) Twin Research and Genetic Epidemiology,
King's College London, London, United Kingdom; 2) Singapore Eye Research
Institute, Singapore National Eye Center, SG; 3) Epidemiology and Biosta-
tistics, Case Western Reserve University, Cleveland, USA; 4) Department of
Genetics, Aravind Medical Research Foundation, #1, Anna Nagar, Madurai—
625020, Tamilnadu, IN; 5) Department of Epidemiology & Population Health,
London School of Hygiene & Tropical Medicine, London, UK; 6) Department
of Epidemiology, Erasmus Medical Centre, Rotterdam, NL; 7) Department

of Ophthalmology and Visual Sciences, University of Wisconsin School of
Medicine and Public Health, Madison, USA; 8) Centre for Vision Research,
Westmead Institute for Medical Research, University of Sydney, Sydney, AU;
9) Department of Ophthalmology, King’s College London, London, UK; 10)
Duke-NUS Medical School, National University of Singapore, SG.

Purpose: A recent genome wide association study (GWAS) in Asian
populations identified common variants within CRYAA to be associated with
age-related nuclear cataract. Mutations in CRYAA are the most common
cause of congenital cataracts. As part of the International Cataract Genetics
Consortium (ICGC), we performed GWAS meta-analysis of 14,151 individu-
als from European and Asian ancestry and found variants in three additional
congenital cataract genes to be associated (p<1x10-+) with age-related nuclear
cataract, two at genome-wide significance (GJA3 and SOX2-OT/SOX2). The
aim of this study was to explore whether common and rare genetic variants
in other congenital cataract genes were also associated with age-related
nuclear cataract. Methods: 95 congenital cataract genes (longest transcript
+/- 100kb), selected from 3 publicly available databases (OMIM, CatMap and
ClinVar) and an in-house database, were tested for single-variant association
with nuclear cataract using common variants from the ICGC GWAS meta-anal-
ysis. We also performed a burden test for rare variants (SKAT) in those genes
using whole-genome sequencing data from 905 unrelated individuals from the
TwinsUK cohort. Finally we performed a gene-set enrichment test (DAVID) to
explore whether any of the associated congenital cataract genes belonged
to the same pathways. Results: Common variants in 47 congenital cataract
genes (50%) were associated with age-related nuclear cataract (p<0.05). The
most strongly associated variants belonged to the following genes: BFSP1
(p=3.5x10%), LIM2 (1.4x10+), MIP (3.4x10+) and CHMP4B (3.8x10-). BFSP1
encodes for a filament-like protein that is part of a structure (the beaded
element) that is unique to the differentiated lens fibers. LIM2 encodes for
another lens specific structural protein found at lens fiber junctions. MIP en-
codes for an aquaporin that plays a role in cell communication while CHMP4B
encodes for a part of a complex which functions in the sorting of endocytosed
cell-surface receptors. Rare variant (MAF<0.05) burden test analysis showed
only two genes to be associated with nuclear cataract: POMT2 (p=1.5x10+)
and CRYBA4 (p=0.02), although sample size was smaller, limiting power to
find associations. Only one pathway — focal adhesion was enriched (p=0.004).
Conclusions: These results suggest that common polymorphisms within
genes where coding mutations cause congenital cataract may be important
contributors to age-related nuclear cataract.
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Marital status, marriage patterns and fertility of deaf people in the Tyva
Republic (South Siberia, Russia). O.L. Posukh'?, M.S. Bady-Khoos, V.Yu.
Mikhalskaia®?, M.V. Zytsar'?, N.A. Barashkov*s, G.P. Romanovs, S.A. Lash-
in*2. 1) Federal Research Center Institute of Cytology and Genetics, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk, Russian Federa-
tion; 2) Novosibirsk State University, Novosibirsk, Russian Federation; 3) Peri-
natal Center of the Tuva Republic, Kyzyl, Russian Federation; 4) Laboratory
of Molecular Genetics, Yakut Scientific Center of Complex Medical Problems,
Yakutsk, Sakha Republic, Russian Federation; 5) Laboratory of Molecular
Biology, Institute of Natural Sciences, M.K. Ammosov North-Eastern Federal
University, Yakutsk, Sakha Republic, Russian Federation.

High frequency of deafness caused by mutations in the GJB2 (Cx26) gene
might be the consequence of combined effects of high rate of assortative mat-
ing among deaf individuals and the relaxed selection against deafness (Nance
et al., 2000). Our previous studies revealed that 18.9% of deafness in the Tyva
Republic (South Siberia, Russia) were caused by GJB2 mutations. This study
aims to evaluate marital status, marriage patterns and fertility of deaf persons
(n=456) at the age of 19 to 86 years (mean 39.6+0.7) living in the Tyva Re-
public. Most of them have congenital or early onset severe-profound deafness.
Deaf individuals indicated sign language as a common communication mode
with other deaf persons, whereas in communication with hearing people they
use lip-reading, writing, and oral language skills, if any. 329 (72.1%) deaf indi-
viduals are married and the data on 200 marriages were available for analysis.
We revealed assortative mating rate of 0.65 in total sample of married deaf
people with significant differences in urban (0.71) and rural (0.58) groups
(p=0.036). Fertility of married deaf individuals is slightly lower compared with
their hearing siblings (2.22 vs. 2.40). We also found tendency to decreasing
fertility in assortative marriages (2.14+0.08) compared with marriages in which
only one of spouses was deaf (2.50+0.16) although the differences were
not significant. This study provides insight to social aspects of deafness in
the Tyva Republic and our data are relevant for predicting the prevalence of
inherited deafness in studied region. Work is supported by the RFBR grant
#15-04-04860_a.
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Identifying rare and low-frequency variants associated with axial length
in the Beaver Dam Eye Study (BDES). S.M. Bomotti', P. Duggal', F. Chen’,
B.E.K. Klein?, K.E. Lee?, B. Truitt’, R. Klein?, S.K. lyengars, A.P. Klein'#s. 1)
Department of Epidemiology, Johns Hopkins Bloomberg School of Public
Health, Baltimore, Maryland, USA; 2) Department of Ophthalmology and Vi-
sual Sciences, University of Wisconsin School of Medicine and Public Health,
Madison, Wisconsin, USA; 3) Department of Epidemiology and Biostatistics,
Case Western Reserve University, Cleveland, Ohio, USA; 4) Department of
Oncology, Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins,
Baltimore, Maryland, USA; 5) Department of Pathology, Johns Hopkins School
of Medicine, Baltimore, Maryland, USA.

Refractive errors, myopia and hyperopia, are the most common causes of
visual impairment in the US and the world. Although studies suggest a strong
genetic component, only ~3.4% of the genetic variation in refractive errors has
been explained to date. The primary determinant of refractive errors is ocular
axial length. The goal of this analysis is to identify rare and low-frequency vari-
ants (minor allele frequency (MAF) < 5%) associated with axial length. A sub-
set of 1,908 individuals aged 58-94 years from the population-based Beaver
Dam Eye Study (BDES) cohort were successfully genotyped using the lllumina
exome array. Following standard quality control procedures, 10,397 autosomal
genes and 34,981single variants from 874 individuals were available for analy-
sis. Axial length measurements were obtained from the fourth follow-up visit of
the BDES using partial coherence laser interferometry (IOL Master, Carl Zeiss,
Jena, Germany). We conducted a gene-based analysis using SKAT-O to
increase our power to detect the effects of rare and low-frequency variants on
axial length variation. A single variant analysis was then conducted in PLINK
under an additive model. All analyses were adjusted for age, sex, height, and
education, and were conducted in the right eye followed by the left eye to
ensure consistency of results. The Bonferroni-corrected threshold for signif-
icance was P < 4.81 x 10+ for the gene-based analysis and P < 1.84 x 10¢
for the single variant analysis. In the gene-based test, the RAD17 checkpoint
clamp loader component gene (MIM 603139) on chromosome 5q13.2 was
significantly associated (P = 3.44 x 10°) with axial length. The single variant
test supported this finding with a suggestively associated missense variant
(rs35440980, c.1778G>A [MAF = 0.76%], p.R593K) in RAD17 in the right (P
=7.48 x 10%) and left (P = 1.65 x 10°¢) eyes. The adhesion G protein-coupled
receptor G7 gene (ADGRG7 [MIM 612307]) on chromosome 3q12.3 was also
significantly associated with axial length (P = 1.56 x 10%). A missense variant
(rs61742836, c.187G>A [MAF = 0.68%], p.D63N) in ADGRG7 was sugges-
tively associated in the right eye (P = 8.18 x 10+) and significantly associated
(P = 1.26 x 10<) with axial length in the left eye. These results suggest that
rare and low-frequency variants within the RAD17 and ADGRG7 genes are
associated with variation in axial length. These results may help to elucidate
the biological mechanism underlying ocular refraction.
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Variation in RNF149 associated with nuclear lens opacity. S.J. Loomis’,
A.P. Klein?3, B.E.K. Klein*, R. Klein*, K.E. Lee*, B. Truitt:, S.K. lyengars, P.
Duggal'. 1) Department of Epidemiology, Johns Hopkins Bloomberg School

of Public Health, Baltimore, MD; 2) Department of Oncology, Sidney Kimmel
Comprehensive Cancer Center at Johns Hopkins, Baltimore, Maryland; 3)
Department of Pathology, Johns Hopkins School of Medicine, Baltimore,
Maryland; 4) Department of Ophthalmology and Visual Sciences, University of
Wisconsin School of Medicine and Public Health, Madison, Wisconsin; 5) De-
partment of Epidemiology and Biostatistics, Case Western Reserve University,
Cleveland, Ohio.

PURPOSE: Nuclear sclerotic cataract (NSC; MIM 601371) is the most com-
mon form of age-related cataract and is one of the leading causes of blindness
worldwide. NSC is severe nuclear sclerosis, or opacity of the nucleus (center)
of the optic lens. NSC is multifactorial, with evidence for both genetic and
environmental risk factors, such as smoking. We sought to better understand
the genetic factors associated with increasing nuclear lens opacity through
interrogation of rare and low frequency coding variants using exome array
data. METHODS: We analyzed genotype data from the lllumina Human
Exome Array for 1489 participants in the Beaver Dam Eye Study for associ-
ation with nuclear sclerosis grade. All individuals were of European ancestry
and had not undergone cataract surgery. We conducted analysis using highest
nuclear sclerosis grade in either eye prior to lens replacement surgery or loss
to follow up after regressing off the effects of age and sex as outcome. We
then performed single-variant regression analysis for 32,138 variants with
MAF=0.003. We used 11,844 genes with at least two variants with MAF<0.05
(N=63,598 SNPs) to perform a gene-based unified burden and non-burden
sequence kernel association test (SKAT-O) using Madsen-Browning weights.
We analyzed the data overall and stratified by smoking status (never vs.
past or current smokers). RESULTS: None of the single variant tests were
statistically significant after controlling for multiple tests (p<1.6 x 10<; top SNP:
rs144458991, p=2.83 x 10%). Gene-based tests showed suggestive evidence
of association for the gene RNF149 (p=8.25 x 10-) in the overall analysis. This
finding reached genome-wide significance (p<4.2 x 10) when the analysis
was limited to never smokers (N=790, p=2.67 x 10%), but not when limited to
past or current smokers (N=698, p=0.07). RNF149 codes the ring finger 149
protein, involved in ligase and protein ubiquitination activity. CONCLUSIONS:
Our study suggests exonic changes in the RNF149 gene may affect risk of
nuclear lens opacity, Further research is necessary to fully understand the
genetic architecture of nuclear sclerosis. .
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Whole genome sequencing of 4,806 age-related macular degeneration
cases and controls. A. Kwong', L.G. Fritsche'?, X. Zhan?, J. Bragg-Gresham,
K.E. Branhams, M. Othmans, L. Giesers, R. Ratnapriya®, D. Stambolian’, E.Y.
Chews, A. Swaroops, G. Abecasis’. 1) Department of Biostatistics and Center
for Statistical Genetics, University of Michigan, Ann Arbor, MI; 2) K.G. Jebsen
Center for Genetic Epidemiology, Department of Public Health and General
Practice, Norwegian University of Science and Technology, Trondheim, Nor-
way; 3) outhwestern Medical Center, University of Texas, Dallas, TX, United
States; 4) Kidney Epidemiology and Cost Center, Department of Internal
Medicine-Nephrology, University of Michigan, Ann Arbor, MI, United States;
5) Department of Ophthalmology and Visual Sciences, University of Michigan
Kellogg Eye Center, Ann Arbor, MI, United States; 6) Neurobiology-Neurode-
generation and Repair Laboratory, National Eye Institute, National Institutes
of Health, Bethesda, MD, United States; 7) Department of Ophthalmology,
Perelman School of Medicine, University of Pennsylvania Medical School,
Philadelphia, PA, United States; 8) Division of Epidemiology and Clinical
Applications, National Eye Institute, National Institutes of Health, Bethesda,
MD, United States.

Age-related macular degeneration (AMD) is a leading cause of visual impair-
ment among people age 50 and older. Previous AMD genetics studies have
focused on subsets of the genome accessible via genotyping arrays or tar-
geted sequencing. While this approach is affordable and accurate, it limits the
number and types of variants that can be discovered. We therefore conducted
whole genome sequencing (WGS) to assess the contribution of the full spec-
trum of genetic variants to AMD pathogenesis.We sequenced, at 6x coverage,
4,806 samples (2,413 cases and 2,393 controls, age- and sex-matched)
of European ancestry, from the University of Michigan Kellogg Eye Center,
the National Eye Institute, the University of Pennsylvania, and the Michigan
Biobank. Our cases consist of subjects with large drusen (intermediate AMD),
geographic atrophy (GA), choroidal neovascularization (CNV), and mixed GA/
CNV. Our WGS analysis discovered over 45 million variants (42 million SNPs
and 3 million indels), a majority of which are very rare (>35 million with allele
frequency <1%) and previously unreported (>26 million variants not in dbSNP
version 138).We rediscovered significant genomewide association signals

(P-value <5x10%) at four loci (CFH, C2/CFB/SKIV2L, ARMS2/HTRA1, and C3).

In a follow-up association study restricted to advanced AMD (excluding partic-
ipants withintermediate AMD), we discovered 6 new genomewide significant
signals near the known risk loci: an intergenic deletion near ST3GAL6-AS1
and an intronic deletion in Inc-GTPBP8-1 on chr 3, an intergenic deletion near
MARCKS on chr 6, an intronic deletion in CAMSAP1 on chr 9, an intergenic
deletion near FLJ26245 on chr 16, and an intergenic deletion near VPREB1
on chr 22. We were also able to better characterize rare variants: for example,
the CFH R1210C variant was detected in 23 cases vs. 2 controls (P-value =
3.0x107).In addition to the GWAS, our study contributes a large catalog of rare
variants from a large number of AMD cases, which can be used for AMD-spe-
cific reference panel to impute into much larger genotyped panels, potentially
increasing both the number of AMD-associated imputed variants and the
imputation accuracy of those variants.In summary, our WGS and association
study of AMD replicate 4 previously-discovered loci and identified significant
signals outside of known loci, providing a more complete list of potentially
causal variants genomewide.
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Linkage analysis of common myopia using whole exome genotyping in
highly aggregated Ashkenazi families finds novel signals and replicates
known loci. C.L. Simpson'2, A.M. Musolf;, L. Portas?, F. Murgia?, Q. Li?, J.E.
Bailey-Wilson?, D. Stambolian:. 1) Department of Genetics, Genomics and
Informatics, University of Tennessee Health Science Center, Memphis, TN;
2) Computational and Statistical Genomics Branch, National Human Genome
Research Institute, National Institutes of Health, Baltimore, Maryland, United
States; 3) Ophthalmology, Perelman School of Medicine, University of Penn-
sylvania, Philadelphia, Pennsylvania, United States.

Myopia is a common refractive error which affects at least a third of most
populations. Both genetic and environmental factors influence myopic de-
velopment. It has a significant impact on the lives of affected individuals and
carries high economic costs associated with treatment, loss of productivity
and co-morbidity from vision impairment. Here we report the results of linkage
analyses on highly aggregated Ashkenazi Jewish families with common myo-
pia using an exome-targeted genotyping array. Sixty-four extended Ashkenazi
Jewish families previously collected from New Jersey. Myopia defined as
mean spherical equivalent (MSE) of -1D or worse and both parametric two-
point linkage analyses (using MCLink) and collapsed haplotype pattern linkage
using SEQIlinkage were performed. Significant evidence of linkage was seen
on chromosome 16922.1 (max two-point LOD=7.28), chromosome 1p36.2
(max two-point LOD=4.47) which had previously been linked to ocular refrac-
tion but not myopia in these families (MYP14) and chromosome 8924.22 (max
two-point LOD=3.75). Suggestive evidence of linkage was seen on multiple
chromosomes including the 7p14 close to the MYP17 locus and 11p13-p15.4
which overlaps the MYP18 locus and includes a 3° UTR variant in PAX6.
Collapsed haplotype pattern linkage analysis of these data identified four
genomewide significant loci, including the 16922.1 locus (max HLOD 7.78,
a=0.8) centered on the PDPR gene and 1p36.1 (max HLOD 3.47, 0=0.57)
centered on LINC00339. There was one signal unique to this analysis from the
SSPO gene on chromosome 7g36.1 (max HLOD 4.02, a=1), which does not
overlap with the known chromosome 7 myopia locus MYP17. Here we report
novel loci and replicated a locus previously reported in refractive error but
not myopia in these families. Targeted sequencing in these regions to will be
necessary to further find causal variants under these linkage peaks.
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Modeling misclassified cases in electronic medical records using geno-
type information. X. Zhao', E. Schmidt', L. Fritsche? G. Zajac’, C. Brummett:,
S. Kheterpal, G. Abecasis’. 1) Department of Biostatistics and Center for
Statistical Genetics, University of Michigan School of Public Health, Ann Arbor,
MI 48109, USA; 2) K.G. Jebsen Center for Genetic Epidemiology, Department
of Public Health, NTNU, Norwegian University of Science and Technology,
Trondheim, Norway; 3) Department of Anesthesiology, University of Michigan
Medical School, Ann Arbor, Ml 48109, USA.

Combining the clinical data in electronic medical records (EMR) and genetic
data provides us a chance to accelerate the pace of genomic discovery on
thousands of traits. One major challenge in using EMR data is the potential
misclassification of cases and controls. Previous studies have shown that
misclassification of disease can cause biased effect size estimates and mis-
leading association results. Existing methods for correcting misclassification
require either knowing the misclassification rate or identifying a gold standard
set of sample. We focus on the setting where neither is available. Here, we
propose a method that estimates the misclassification rate by examing gen-
otype information of dozens of disease associated loci. Instead of using gold
standard samples, we use the odds ratios of known risk loci from previous
large-scale genome-wide association studies (GWAS). Assuming that these
odds ratios in our study are similar to those in previous GWAS, we are able to
construct the likelihood and obtain the MLE of the misclassification rate. Then
we can correct biased association statistics using estimated misclassifica-
tion rate. In a simulation study, we generated phenotypes and genotypes for
5000 samples at 52 variants. The 52 variants were previously reported to be
associated with age-related macular degeneration (AMD) by the International
AMD Genomics Consortium. The simulation demonstrated that this method
accurately estimated misclassification rates for a variety of different misclas-
sification rates (range: 0.1-0.5) and disease prevalence (range: 0.05-0.5). For
example, in the setting with disease prevalence 0.05 and misclassification rate
0.3, the mean square error of our estimated misclassification rate was 0.002.
We also show that estimates of the misclassification rate are robust to errors in
odds ratios. We applied our technique to the data from the Michigan Genomics
Initiative (MGI), a collaborative research at the University of Michigan aiming
to analyze the patient EMR jointly with genetic data. Using the odds ratios for
52 associated variants of AMD, we found that 36% of cases were likely to be
misclassified when using the ICD-9 based classification scheme implemented
in the PheWAS R package. Our method enables the evaluation of new EMR-
based case definition schemes and provides accurate estimates of disease
odds ratios and other association measures when cases are misclassified.

442W

Socioeconomic status, genetic risk, and how their interactions affect risk
of oral clefts. M.M. Jenkins', L.M. Almliz, C.P. Bay?, PA. Romitt, L.M. Uribe?,
G.L. Wehbys. 1) Centers for Disease Control and Prevention, Atlanta, GA; 2)
Carter Consulting, Inc., Atlanta, GA; 3) University of lowa, lowa City, IA.

Low socioeconomic status (SES) has been linked to increased risk of oral
clefts. However, little is known about how SES interacts with genetic risks for
oral clefts. Using data from a population-based, case-control study (National
Birth Defects Prevention Study [NBDPS]), we examined whether the asso-
ciation between SES and risk of cleft lip with/without cleft palate (CL/P) was
modified by genetic predisposition to CL/P. Our sample included 614 cases
with isolated CL/P and 2213 controls without any major birth defect; birth years
were between 1997 and 2009. SES was estimated by maternal education
(<high school [HS] vs >HS [reference]) or household income (1< and 2 tertiles
vs 3 tertile). Genetic risk was estimated by a genetic risk score (GRS) based
on a set of top genes and loci associated with CL/P in previous genome-wide
association studies; SNPs of interest were assayed using a Fluidigm platform
(San Francisco, CA). Logistic regression analyses were used to estimate
CL/P risk for cases relative to controls, adjusting for maternal age at concep-
tion, NBDPS site, and maternal race/ethnicity. The risk for CL/P was greater
for mothers with <HS education compared to mothers with >HS education
(OR=1.27, 95%CI 1.03-1.58) and for mothers in the lowest income tertile com-
pared to those in the highest tertile (OR=1.35, 95%CI 1.01-1.80). As expected,
the GRS was significantly associated with increased risk for CL/P (OR=2.49,
95%Cl 2.17-2.85). A significant SES x GRS interaction was observed. Specifi-
cally, the risk of CL/P associated with <HS education was higher at 1 standard
deviation (SD) below the GRS mean (i.e., a low genetic risk profile; OR=2.00,
95%Cl 1.43-2.81) than at the mean GRS (OR=1.40, 95%Cl 1.11-1.76).
Educational status was not associated with CL/P risk at 1 SD above the GRS
mean (i.e., a high genetic risk profile; OR=0.98, 95%CI 0.75-1.27). Similarly,
comparing the lowest tertile of household income to the highest, the associa-
tion with CL/P was stronger at 1 SD below the GRS mean (OR=2.13, 95%ClI
1.36-3.33) than at the mean GRS (OR=1.47, 95%CI 1.07-2.00). There was no
association between household income and risk of CL/P at 1 SD above the
GRS mean (OR=1.01, 95%Cl 0.71-1.43). Our preliminary results suggest that
for individuals with a higher genetic risk profile for CL/P, the influence of lower
SES on risk of CL/P is attenuated. Similarly, SES seems to be a more influen-
tial risk factor for CL/P among individuals with lower genetic risk scores.
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Genetic variations on chromosome 21 and AVSD risk in Down syndrome:
Results from chromosome 21 genome sequencing. X. Blanc', FA. San-
toni’, C. Borel’, P. Makrythanasis', R. Sailani’, M. Guipponi’, F. Bezrukov', E.
Falconnet', P. Ribaux', U. Radhakrishna', F. Bajolle?, D. Laux?, J. Okoronkwo?,
M.A. Alcantara-Ortigoza®, S. Vicari*, K. Rabionetss’, L.A. Pérez-Jurado®s, R.
Touraine®, S. Kitsiou, H. Fryssira®, G. Merla", J.M. Delabar®, D. Bonnet?, S.E.
Antonarakis'*. 1) Department of Genetic Medicine and Development, Univer-
sity of Geneva, Geneva, Geneva 1211, Switzerland; 2) M3C-Necker, Pediatric
Cardiology, University Paris Descartes, 75015 Paris, France; 3) Department of
Human Genetics, National Institute of Pediatrics, Mexico City, Mexico; 4) De-
partment of Neuroscience, Children’s Hospital Bambino Gesu, 00165 Rome,
Italy; 5) Centre for Genomic Regulation, Biomedical Research Park (PRBB),
E-08003 Barcelona, Spain; 6) Hospital del Mar Research Institute (CRG),
E-08003 Barcelona, Spain; 7) CIBER in Epidemiology and Public Health
(CIBERESP), E-08003 Barcelona, Spain; 8) Department of Experimental and
Health Sciences, Universitat Pompeu Fabra, and Centro de Investigacion
Biomédica en Red de Enfermedades Raras (CIBERER), E-08002 Barcelona,
Spain; 9) CHU de Saint-Etienne, Hopital Nord, 42055 Saint-Etienne Cedex

2, France; 10) Department of Medical Genetics, University of Athens, 11527
Athens, Greece; 11) Medical Genetics Service, Hospital, IRCCS, 71013 San
Giovanni Rotondo, Italy; 12) Unité de Biologie Fonctionnelle et Adaptative
(BFA), CNRS EAC 4413, Université Paris Diderot, Sorbonne, Paris Cité,
75205 Paris, France; 13) iGE3 Institute of Genetics and Genomics of Geneva,
Geneva 1211, Switzerland.

Down syndrome patients are often born with congenital heart defects (CHD).
Among those, atrioventricular septal defect (AVSD) is the most frequent and
one of the most severe. The incidence of AVSD is 43% in CHD T21 patients
(17% in the trisomic population) and almost absent in the general population.
The genetic architecture of CHD regarding chromosome 21 variants has been
previously studied with SNP arrays and oligonucleotide hybridization. With this
approach our group identified two SNPs and three CNVs regions significantly
associated with the risk of CHD (Sailani et al., Genome Research, 2013).
Here we use targeted chromosome 21 ultradeep sequencing (>120x) using a
custom DNA selection design to perform a case-control association study in a
trisomic population to identify SNVs, structural variants and CNVs associated
with an increased risk of AVSD. The study cohort includes 162 Down syn-
drome patients with AVSD at birth and 178 Down syndrome patients without
detectable cardiac defect as controls. A total of 179931 SNVs has been called
through our in-house pipeline implementing BWA, GATK and Annovar. The
association study of SNVs and structural variants has been performed with
Fisher’s exact test and revealed rs1156253 in the MIR99AHG cluster and
rs869725 in a regulatory area nearby PDEYA, a gene known to be expressed
in heart tissues and upregulated in case of hypertrophy and cardiac failures
(p<10-). We performed CNVs detection with CONIFER and CONTRA. We
were able to call in average more than 20 CNVs per sample; the association
analysis is ongoing. This study shows that common variants on chromosome
21 contribute to the developmental phenotype of AVSD and might provide
insights to the understanding of the biological and genetic mechanisms under-
lying the development of the disease.

444F

Whole exome association of rare deletions in multiplex oral cleft fam-
ilies. J. Fu', T. Beaty?, A.F. Scott’, M. Parker, J. Wilsons, M. Marazitas, E.
Mangold’, H. Albacha-Hejazit, J. Murray®, A. Bureau™, J. Carey?, S. Cristia-
no', I. Ruczinski', R. Scharpf’. 1) Biostatistics, Johns Hopkins University
Bloomberg School of Public Health, Baltimore, MD; 2) Epidemiology, Johns
Hopkins University Bloomberg School of Public Health, Baltimore, MD; 3)
Center for Inherited Disease Research and Institute of Genetic Medicine,
Johns Hopkins School of Medicine, Baltimore, MD; 4) Channing Division of
Network Medicine, Department of Medicine, Brigham and Women'’s Hospital,
Boston, MA; 5) Inherited Disease Research Branch, National Human Genome
Research Institute, National Institutes of Health, Baltimore, MD; 6) Depart-
ment of Oral Biology, Center for Craniofacial and Dental Genetics, School of
Dental Medicine, University of Pittsburgh, PA; 7) Institute of Human Genetics,
University of Bonn, Bonn, Germany; 8) Dr. Hejazi Clinic, Damascus, Syrian
Arab Republic; 9) Department of Pediatrics, School of Medicine, University of
lowa, IA; 10) Centre de Recherche de I'Institut Universitaire en Santé Mentale
de Québec and Département de Médecine Sociale et Préventive, Université
Laval, Québec, Canada; 11) Department of Oncology, Johns Hopkins School
of Medicine, Baltimore, MD.

By sequencing the exomes of distantly related individuals in multiplex fam-
ilies, rare mutational and structural changes to coding DNA can be charac-
terized and their relationship to disease risk assessed. Recently, several rare
single nucleotide variants (SNVs) were associated with an increased risk of
non-syndromic oral cleft, highlighting the importance of rare sequence variants
in oral clefts and illustrating the strength of family-based study designs. How-
ever, the extent to which rare deletions in coding regions of the genome occur
and contribute to risk of non-syndromic oral clefts is not well understood. To
identify putative structural variants underlying oral cleft risk, we developed a
pipeline for the delineation of rare hemizygous deletions in families from whole
exome sequencing and statistical inference based on rare variant sharing.
Our method utilizes a read-depth approach, with median centering across
samples, and includes adjustments for sequencing artifacts like GC-content
and mappability. We further employ the 1000 Genomes database as well as a
Bayesian mixture model to filter for the rarity of identified deletions. Among 46
multiplex families, we identified 51 regions with one or more rare hemizygous
deletions. We found 43 of the 51 regions contained rare deletions occurring in
only one family member. Members of the same family shared a rare deletion
in only 8 regions, which included a rare deletion on chr13 at 53,078,416 -
53,158,768bp showing nominal statistical significance (p = 0.004). We also
devised a scalable global test for enrichment of rare variant sharing. .
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Associated anomalies in cases with anotia and microtia. C. Stoll, Y. Alem-
bik, B. Dott, M.P. Roth. genetics , Faculté de Médecine, Strasbourg, France,
France.

Infants with anotia and microtia (AM) often have other non-AM associat-
ed congenital anomalies. The purpose of this investigation was to assess
the prevalence and the types of these associated anomalies in a defined
population. The associated anomalies in infants with AM were collected in all
livebirths, stillbirths and terminations of pregnancy during 29 years in 387,067
consecutive births in the area covered by our population-based registry of
congenital malformations. Of the 146 cases with AM registered during this
period, representing a prevalence of 3.77 per 10,000, 49.3% had associated
anomalies. There were 14 (9.6%) cases with chromosomal abnormalities
including 5 trisomies 18, and 18 (12.3%) nonchromosomal recognized dys-
morphic conditions including 6 cases with oculo-auriculo-vertebral spectrum.
However, numerous other recognized dysmorphic conditions were registered.
Forty (27.4%) of the cases had multiple congenital anomalies (MCA). Anom-
alies especially in the cardiovascular, the musculoskeletal, the urogenital, the
central nervous, and the digestive systems, and facial clefts were the most
common other anomalies. This study included special strengths: each affected
child was examined by a geneticist, all elective terminations were ascertained,
and the surveillance for anomalies was continued until 2 years of age. In
conclusion the overall prevalence of associated anomalies, which was one in
two cases, emphasizes the need for a thorough investigation of cases with
AM. A routine screening for other anomalies may be considered in infants and
in fetuses with AM.
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Genetic determinants of telomere length in a Bangladeshi cohort. D.
Delgado’, B. Pierce'23, C. Zhang', J. Farina’, M. Kibriya’, H. Ahsan’23+, 1)
Department of Public Health Sciences, University of Chicago , Chicago , IL.
60637; 2) Department of Human Genetics, University of Chicago, Chicago, IL
60637; 3) Comprehensive Cancer Center, University of Chicago, Chicago, IL
60637; 4) Department of Medicine and Human Genetics, University of Chica-
go, Chicago, IL 60637.

Introduction: Attrition of telomere length (TL) occurs with each round of cell
division and is associated with aging and increased risk for various age-relat-
ed chronic diseases. TL has high heritability and shows differences by race/
ethnicity. We performed a genome-wide association study (GWAS) to identify
genetic determinants of TL in a Bangladeshi cohort. Methods: We measured
TL for 5,019 individuals participating in one of two prospective cohort studies
in Bangladesh (2.416 men and 2,603 females with a mean age of 39.9 years).
TL was measured using one of two technologies: a gPCR-based assay
(n=2,203) and a Luminex—based method (n=2.816). All subjects were geno-
typing using the lllumina HumanCytoSNP array. Prior to analysis, we used
mixed effects models to adjust our TL measures for plate, position, and batch
effects, and we used the standardized residuals from these regressions as our
TL phenotypes for GWAS. We used the Genome-wide Complex Trait Analysis
(GCTA) software to identify single nucleotide polymorphisms (SNPs) associat-
ed with TL, using a mixed effects model to account for the presence of cryptic
relatedness among our participants. Results: After standard quality control
procedures, a total of >250,000 genotyped and 8.5M imputed SNPs were
included in the analysis. We replicated loci reported in prior GWAS studies of
TL in European populations, including the TERC region (P = 1.7x10-9), the
TERT region (P = 4.1x10-7) and RTEL1 region (P = 9.3x10-7). We identified a
suggestive novel association with TL in the NCR2 region (P = 7.4x10-7). The
SNP —based heritability estimate based on all genome-wide SNP was 26.7%
(P=4.7x10-10). Conclusion: Our data suggest that the TERC region harbors
the strongest common genetic determinants of TL in this Bangladeshi cohort.
Our results also suggest that several of TL-associated regions identified in
GWAS of European ancestry show consistent association with TL among
Bangladeshi participants. In addition, we also observe suggestive evidence for
a novel association signal for TL in the NCR2 region.
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Simultaneous scan of whole-genome genetic variants in family-based as-
sociation studies via supervised dimension reduction. D. Zhang, L. Wang,
Q. Wang, M. Zhang. Depart of Statistics, Purdue Univ, West Lafayette, IN.
Population stratification, family structure and cryptic relatedness are known
to produce spurious association if not properly corrected. Recent Study
showed that mixed model is an effective way to handle these confounding fac-
tors. Most of the current mixed model based methods are typically carried out
by testing one or few loci at a time, making these algorithms essentially limited
in identifying genetic variants of weak effects. We propose an algorithm that
extends penalized orthogonal component regression (POCRE) to family-based
association studies (fPOCRE), with the merit of accounting for multiple loci at
the same time. Our proposed algorithm is a hybrid of linear mixed model that
is well known for handling confounding issue and penalized regression that
performs well in large p small n setting. We compared fPOCRE with existing
methods, and demonstrated that fPOCRE has promising performance over
others in terms of both power and false discover rate. We have applied our
method to a genome-wide association study in the Framingham Heart Study.

448W
On predicting tissue specific functional effects of genetic variation with
applications to complex diseases. D. Backenroth', B. Xu', K. Krzysztof,
E. Khurana?, J. Buxbaums, |. lonita-Laza'. 1) Columbia University, New York,
USA; 2) Weill Medical College, Cornell University, New York, USA; 3) Mount
Sinai School of Medicine, New York, USA.

Over the past few years, large scale genomics projects such as the EN-
CODE and Roadmap Epigenomics have produced genome-wide data on
a large number of biochemical assays for a diverse set of human cell types
and tissues. Such data can play a critical role in identifying putatively causal
variants among the abundant natural variation that occurs at a locus of
interest. We will present unsupervised approaches to integrate these diverse
sets of annotations for specific tissues and cell types into a single predictor of
functional importance. We have calculated such integrative functional scores
for every possible position in the human genome for 127 tissues and cell types
available in Roadmap Epigenomics. We demonstrate the usefulness of such
scores in the context of complex disease genetics, using GTEx data on over
44 tissues, and summary statistics from over 20 GWAS. Specifically we show
that tissue specific functional variants are enriched among eQTLs in related
tissues in Roadmap. Furthermore, we show how these integrated functional
scores can be used to identify the most likely tissue for a complex disease us-
ing summary statistics from GWAS, and can shed light on pathways implicated
in a disease using existing enhancer-gene target maps.
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Modeling prediction error improves power of transcriptome-wide
association studies. K. Bhutani', A. Sarkar?, Y. Park:, M. Kellis?, N. Schork'.
1) Bioinformatics & Systems Biology, UCSD, La Jolla, CA; 2) CSAIL, MIT,
Cambridge, MA.

Thousands of loci associated with hundreds of complex diseases have been
reported in the NHGRI catalog of genome-wide association studies (GWASSs),
but most genome-wide significant loci are devoid of protein-coding alterations
and likely instead affect transcriptional regulation. Several studies have
directly investigated the role of transcriptional regulation on complex diseases
by jointly considering genotype, expression, and phenotype. However, such
studies require all data to be measured in all samples, which is still prohibitive
at the scale of GWAS. Recent large-scale efforts such as the Gene-Tissue
Expression Project (GTEx) have produced reference profiles of transcription,
enabling transcriptome-wide association studies (TWASs). TWAS tests for
association between gene expression and phenotype by predicting gene ex-
pression in GWAS cohorts (where expression is not measured) using models
of transcriptional regulation trained on reference transcriptomes. However,
current methods for TWAS only use point estimates of imputed expression and
ignore uncertainty in the prediction. Here, we develop a method to explicitly
model error in imputed expression and propagate this error through TWAS.
We demonstrate that imputed expression has high uncertainty, possibly due
to genetic factors not included in typical models, environmental factors which
vary between reference transcriptome cohorts, and technical biases in training
the predictive models. We show through simulation and application to real data
that our method improves power to detect genes associated with phenotype.
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Exploring the Latino asthma paradox: Significant interactions between
genetic ancestry, psycho-social stressors, and environmental exposures
on asthma susceptibility in Puerto Rican and Mexican children. M.G.
Contreras', M.J. White?, D. Hu?, S. Huntsman?, C. Eng? N. Thakur, S. Thyne?,
A. Davis®, K. Meade?, H.J. Farber', P.C. Avila’, R. Kumars, E. Brigino-Bue-
naventura®, M.A. LeNoir’, D. Serebrisky?, W. Rodriguez-Cintron®, J.R. Rodri-
guez-Santana®, L.N. Borrell", E. Burchardz. 1) San Francisco State University
1600 Holloway Ave, San Francisco, CA 94132; 2) University of California, San
Francisco Departments of Medicine and Bioengineering and Therapeutic Sci-
ences. 1550 4th St. Rm 584D San Francisco, CA 94158; 3) Children’s Hospital
and Research Center Oakland, Oakland, CA; 4) Department of Pediatrics,
Section of Pulmonology, Baylor College of Medicine and Texas Children’s
Hospital, Houston, TX; 5) Children’s Memorial Hospital; Feinberg School of
Medicine, Northwestern University, Chicago, IL; 6) Department of Allergy and
Immunology, Kaiser Permanente—Vallejo Medical Center, Vallejo, California;
7) Bay Area Pediatrics, Oakland. CA; 8) Pediatric Pulmonary Division, Jacobi
Medical Center, Bronx, NY; 9) Veterans Caribbean Health Care System, San
Juan, Puerto Rico; 10) Centro de Neumologia Pediatrica, San Juan, Puerto
Rico; 11) Department of Health Sciences, Graduate Program in Public Health,
Lehman College, City University of New York, Bronx, NY.

Asthma, an inflammatory condition of the airways, is the most common
chronic disease among children. In the U.S. Puerto Ricans have the highest
asthma prevalence and mortality rates compared to all other racial/ethnic
groups; particularly as compared to Mexican Americans who have the lowest
asthma prevalence, this phenomenon is known as the Latino Asthma Paradox.
Asthma is a complex disease likely affected by genetic and environmental
interactions. We used a non-parametric method, VISEN, to identify genetic x
environmental interactions, including genetic ancestry, associated with asthma
susceptibility in Puerto Rican and Mexican children with and without asthma.
Our study population included 1520 participants (Mexican: 525 cases, controls
224; Puerto Rican 651 cases, controls 120) from the Genes, Environment, and
Admixture in Latino Americans (GALA 1) study. Our environmental variables
included evidence of discrimination, sex, BMI, age, genetic ancestry, and
prenatal smoking. We identified several interactions associated with asthma in
Puerto Rican and Mexican American children. One of the strongest interac-
tions in Mexicans included BMI * Discrimination * Age; interestingly, in Puerto
Rican children we discovered a model that included BMI * Discrimination * Na-
tive American Ancestry. Our results indicate that interactions play a significant
role in asthma susceptibility in these two Latino populations; and the nature
of those interactions may be population specific. These results emphasize the
need to recognize differences between populations that self-define as Latino.
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Bayesian analysis of genetic association across tree-structured routine
healthcare data in the UK Biobank. A. Cortes'?, D. Vukcevic’*s, A. Motyers,
L. Jostins', C. Dendrou?, L. Fugger?, S. Leslie’*s, G. McVean'. 1) Wellcome
Trust Centre for Human Genetics, Oxford, United Kingdom; 2) Nuffield De-
partment of Clinical Neurosciences Weatherall Institute of Molecular Medicine
John Radcliffe Hospital University of Oxford, Oxford, UK, OX3 9DU; 3) School
of Mathematics and Statistics, University of Melbourne, Parkville, Vic 3010,
Australia; 4) School of BioSciences, University of Melbourne, Parkville, Vic
3010, Australia; 5) Data Science, Murdoch Childrens Research Institute,
Parkville, Vic 3052, Australia.

The past decade has seen an accelerated rate of discovery of the genetic
determinants of complex traits. These discoveries have shed light on the
molecular pathways involved in the aetiology of common diseases and have
led to new therapeutics. Moreover, there is a growing interest in using genetic
associations for assessing the efficacy and safety of therapeutic candidates,
and this could be enabled with a better understanding of the spectrum of
clinically phenotypes associated to genetic variants. So far, this has been
limited by insufficient phenotyping in GWAS cohorts and improper meth-
odological approaches. Cross-sectional cohorts, such as the UK Biobank,
provide a resource that aims to overcome this limitation. The UK Biobank has
recruited half a million individuals, derived genome-wide genotype data, and
collected phenotypic data through questionnaires and linking of national health
registries. Such resources require novel analytical strategies to jointly analyse
genetic variation in individuals with a wide range of phenotypes collected.
These methods must be robust to complexities in the data, with expected
correlated effect sizes, abundant missing data and varied sample sizes across
different phenotypes. Here we propose a Bayesian analysis framework that
uses the hierarchical structure of diagnosis classifications to jointly analyse ge-
netic variants against phenotypes in the UK Biobank Hospitalisation Episode
Statistics and the self-reported diagnosis datasets. We validate our method
using simulations and the analysis of allelic variation in the MHC. Simulations
demonstrated an increase in statistical power when jointly analysing all phe-
notypes compared to individually analysing each clinical phenotype. The gain
in power was quantified as the area under the ROC curve at different allele
frequencies. For example, for a genetic variant with population allele frequen-
cies of 1% an improvement from 0.757 to 0.902 was observed. Analysis of
MHC allelic variation showed we could identify known associations to common
immune-mediated diseases with routine health-care data. Increased evidence
in the tree analysis was also notable, with support for HLA-B*27 association to
ankylosing spondylitis at log10(BF)=29.96, whilst the evidence with the single
phenotype analysis was log10(BF)=20.34. Furthermore, we observe allele
associations with secondary outcomes common in disease prognosis, such as
HLA-B*27 predisposing to glaucoma, a common complication in AS.
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Meta-imputation: A flexible approach to combine genotype data imputed
against multiple reference panels. S. Das, G. Abecasis. Department of
Biostatistics, University of Michigan, Ann Arbor.

Genotype imputation has proven to be an invaluable tool for human genetic
studies - increasing power of gene mapping analyses, facilitating combination
of results across studies (meta-analyses), and accelerating fine-mapping
efforts. Imputation involves an in-silico method in which a reference panel is
used to infer genetic variants that were not genotyped in the study sample. In
the last few years, reference panels have proliferated - starting with the Hap-
Map Consortium and the 1000 Genomes Project, and now including multiple
disease specific sequencing efforts. Combining these reference panels for
imputation leads to increased imputation accuracy, especially for rare variants.
However, constructing a combined (joint) reference panel from these datasets
can be quite difficult, and may often be impossible due to data-sharing restric-
tions. This is especially true when some panels, such as the Haplotype Refer-
ence Consortium, are not publicly available but can only be accessed through
web imputation services. In this study, we explore the idea of meta-imputation,
an approach that combines results from imputation against different reference
panels to obtain a consensus imputed genotype. We construct this imputed
genotype as a weighted average of individual imputed dosages. The weighing
scheme is based on new individual-specific imputation diagnostic metrics, esti-
mated by minimac3, reflecting the combined effects of chip density, probability
of template switches, historical recombination events around the site being
meta-imputed, and the genetic distance between study samples and the ref-
erence panel. We show that meta-imputation performs well compared to more
cumbersome joint imputation in terms of imputation accuracy (measured by
Pearson R?). The prime benefit of our our tool (MetaMinimac) is to allow users
to combine their imputed data from multiple reference panels in-silico without
requiring direct access to individual haplotypes from all potential reference
panels. An added bonus is that this method allows imputation analyses to be
run in parallel and thus reduces net compute time. In summary, we describe
a method that makes it easier for genetic studies to take advantage of the
many currently available reference panels and improve imputation accuracy in
genetic studies while abiding by data sharing restrictions.
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Statistical tests for Hardy-Weinberg equilibrium at X-chromosomal
genetic markers. J. Graffelman’, B.S. Weir:. 1) Department of Statistics and
Operations Research, Polytechnic University of Catalonia, Avinguda Diagonal
647, 08028 Barcelona Barcelona, Spain; 2) Department of Biostatistics, Uni-
versity of Washington, Box 359461, Seattle, WA 98195-9461, USA.

In large-scale genotyping studies genetic markers are usually tested for Har-
dy-Weinberg equilibrium (HWE). Disequilibrium is often related to genotyping
error, and tests for HWE form a useful device for detecting genotyping error.

It has become computationally feasible to test millions of autosomal genetic
markers for HWE using an exact test. For markers on the X chromosome,

the same autosomal exact test is typically applied, but using only the females
in the database. Hitherto, the hemizygous males were considered to be
uninformative with regard to HWE. It is well known that an autosomal marker
will achieve HWE in one generation of random mating. However, for a marker
on the X chromosome the situation is different. If there is a difference in initial
allele frequency between males and females, then it can take several gener-
ations before equilibrium is reached. Equilibrium refers to the stability of allele
and genotype frequencies over the generations, and this condition will only be
attained if male and female allele frequencies are equal. In a recent paper in
Heredity, we have therefore argued that males are informative, because a dif-
ference in allele frequency between males and females may indicate that equi-
librium does not hold. For the X-chromosome, it seems more sensible to jointly
test Hardy-Weinberg proportions in females and equality of allele frequencies
in males and females in a single omnibus test. We have developed such
omnibus tests, specifically tailored to biallelic markers on the X-chromosome,
using a classical frequentist approach. We have designed X-chromosomal
versions of the chi-square test, the exact test, the likelihood ratio test and the
permutation test, and updated our R software (the HardyWeinberg package)
implementing these tests. Statistical inference with a test including males can
differ considerably from a test that uses females only. In this contribution we
address ongoing extensions of our work on HWE for X-chromosomal markers
with multiple alleles and present our latest methodological advances. We ap-
ply our newly developed methodology to complete X-chromosomes with data
from different populations of the 1000 genomes project. We create tracks for
HWE test results, and suggest these to be included in genome browsers. We
show examples of such tracks where we uncover areas of Hardy-Weinberg
disequilibrium on the X-chromosome.

454W

Improved imputation accuracy of rare and low-frequency variants using
population-specific imputation reference panel. R. Magi’, M. Kals'?, K.
Parn', M. Mitt's, T. Esko**, P. Palta's. 1) Estonian Genome Center, University
of Tartu, Tartu, Estonia; 2) Institute of Mathematics and Statistics, University
of Tartu, Tartu, Estonia; 3) Institute of Molecular and Cell Biology, University
of Tartu, Tartu, Estonia; 4) Broad Institute, Cambridge, MA, US; 5) Institute for
Molecular Medicine Finland, University of Helsinki, Helsinki, Finland.

Genetic imputation has shown to be a cost efficient way to improve the
power and resolution of GWAS studies. Current large reference panels work
well for common variants, but the imputation quality of rare and low-frequency
(RLF) variants is rather limited. For better imputation of RLF variants, two
approaches could be employed: (i) increase the size of the reference panel; or
(i) use a population-specific reference panel. In the current study we evaluate
and compare imputation quality and accuracy among several different panels
into individuals from the Estonian population: (a) 1000 Genomes (HRC); (b)
Haplotype Reference Consortium (HRC); (c) Estonian-specific whole-genome
sequence; and (d) merged panels. As a population-based reference, we
used the Estonian Genome Center, University of Tartu (EGCUT) high-cover-
age (30x) whole-genome sequenced dataset — 2,244 geographically diverse
samples from Estonia, selected randomly by county of birth. All reference
panels were tested with imputation into 6,400 Estonian samples genotyped on
lllumina HumanCoreExome chip. These samples were pre-phased (SHA-
PEIT2 software) and imputed (IMPUTEZ2 software) into each reference panel
and two combinations of the EGCUT and 1000G panels (EGCUT+1000G and
1000G+EGCUT). As 500 of these individuals also had whole-exome sequenc-
ing (WES) data available, these overlapping samples were used to determine
the imputation accuracy. The EGCUT reference panel has less variants than
the multi-ethnic 1000G and HRC reference panels, but more than 75% of
those are confidently imputed (IMPUTE2 INFO>0.8). The average imputa-
tion quality is fairly similar across all reference panels for common variants
(MAF>5%), with INFO ranging between 0.93-0.96 and is the most discrepant
for the rare variants (MAF<0.5%), where the average imputation quality differs
the most between EGCUT (average INFO 0.75) and 1000G panels (average
INFO 0.40). When comparing imputed data with available WES data from the
same individuals, we were able to test the imputation quality of all references.
We observed that the imputed genotypes matched the real genotypes from
WES data better in the whole frequency spectrum when using the Estonian
population-specific panel alone or merged with 1000G reference. In conclu-
sion, we have shown that population specific imputation reference panels do
improve the imputation quality across entire allele frequency spectrum with the
greatest improvement in rare variants.
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Canonical correlation analysis separates genetic and non-genetic
confounders. R. Schweiger', E. Rahmani', L. Shenhav', E. Halperin'2. 1)
Computer Science, Tel Aviv University, Tel Aviv, Israel; 2) Molecular Microbi-
ology and Biotechnology Department, Tel Aviv University, Tel Aviv, Israel; 3)
International Computer Science Institute, 1947 Center Street, Berkeley, CA
94704, USA.

Estimation of statistical confounders is a necessity in genetic and epigen-
etic studies in order to control for false discoveries in association testing.
However, different confouders, both genetic and non-genetic, may combine in
the same dataset and could be difficult to estimate separately. For example,
Genome-wide association studies (GWAS) routinely apply principal compo-
nent analysis (PCA) to infer population structure within a sample to correct
for confounding due to ancestry. However, the top PCs do not always reflect
population structure: they may reflect family relatedness, long-range LD
(for example, due to inversion polymorphisms), or completely non-genetic
confounders, such as assay artifacts. Another example is epigenome-wide
association studies (EWAS), where different methylation profiles of distinct
cell types may lead to false discoveries. Dimensionality reduction techniques,
such as PCA and variants thereof, are often used for the correction of cell type
heterogeneity, since the first several principal components are correlated with
cell type composition. However, EWASSs reported thousands of CpG meth-
ylation sites to be associated with genetics and ancestry, and applying PCA
on a group of genome-wide CpGs correlated with genetics can be used in
order to efficiently capture population structure. We show that applying cross
decomposition techniques, such as canonical correlation analysis (CCA), on
datasets of different measurements of the same individuals separates genetic
and non-genetic confounders. These techniques allow for more accurate esti-
mation of various types of confounders, which can then be used as covariates
in statistical analyses or studied separately.

456F

A two-stage hidden Markov model design for biomarker detection, with
application to microbiome research. Y. Zhou', X. Wangz. 1) North Carolina
State University, Raleigh, NC; 2) IMEDACS, LLC.

High-throughput genomic and transcriptomic sequencing technologies prom-
ise to yield great advances in biomedicine, but the enormous amount of data
produced raises statistical challenges. Typical data in a microbiome study con-
sist of the operational taxonomic unit (OTU) counts that have the characteristic
of excess zeros. There are few methods which can control false discovery
rate as well as increase the power to detect significant associations. For many
high-throughput technologies, the cost still limits their application. Two-stage
designs are attractive, in which a set of interesting features or biomarkers is
identified in a first stage, and then followed up in a second stage. However,
the statistical principles of two-stage FDR control with hidden Markov model
(HMM)s have not been established. In this paper, we study an efficient HMM-
FDR based two-stage design, using a simple integrated analysis procedure
across the stages. Numeric studies show its excellent performance when
compared to available methods. A power analysis method is also proposed.
We use examples from microbiome data to illustrate the methods.
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Large scale brain eQTL meta-analysis from multiple RNA-sequencing
cohorts. S.K. Sieberts’, M. Allen?, K. Dang', J. Calleys, P.J. Ebert:, T. Perumal’,
L.M. Mangravite', the AMP-AD Consortium eQTL Working Group and the
CommonMind Consortium (CMC). 1) Sage Bionetworks, Seattle, WA; 2)
Department of Neuroscience, Mayo Clinic Florida, Jacksonville, FL; 3) Lilly
Research Labs, Eli Lilly and Company, Indianapolis, IN.

To date, hundreds of risk loci have been associated with neurodevelopmen-
tal, neuropsychiatric and neurodegenerative diseases. When risks are mediat-
ed through gene expression, eQTL can implicate the specific genes involved
through colocalizing algorithms or global tests of case-control differences in
the predicted gene expression. In each case, eQTL from the relevant tissue
are necessary to understand the specific expression patterns contributing to
disease, which may not be captured in readily available tissue such as blood.
Recently, several large initiatives, including the CommonMind Consortium
(CMC), the Accelerating Medicines Partnership for Alzheimer’s Disease (AMP-
AD) and GTEX, have made high-quality data available from the RNA-sequenc-
ing and genotyping of post-mortem brain collections representing neurode-
generative and neuropsychiatric cases, and undiseased individuals. Here we
generate the best-powered brain eQTL resource to date which spans multiple
brain regions and diseases. In total, we have collected 6 cohorts, comprised of
tissue from approximately 2400 individuals and representing 4 brain regions,
the largest collection of which is from dorsolateral prefrontal cortex comprised
of 1800 samples. A common analysis pipeline was applied to each cohort.
Samples were imputed to the Haplotype Reference Consortium panel. For
each of the AMP-AD cohorts, RNA-seq data was realigned and quantitated
using parameters appropriate to specifics in library prep strandedness and
paired-end sequencing. Following quality control, quantified expression from
each of the 6 cohorts was then normalized via voom, adjusting for available
known clinical and technical covariates, and hidden confounders, prior to
applying a linear model to detect eQTL, adjusting for inferred genetic structure
and diagnosis. Meta-analysis across cohorts was then performed. Prelim-
inary analysis of the Caucasian samples from the CMC MSSM-Penn-Pitt
cohort (n=467) imputed to 1000 Genomes v1 identified >2.1 million proximal
(distance < 1 Mb) eQTL with MAF = 0.05 and FDR < 5%, which is an order of
magnitude more than reported in previous expression or exon array cohorts,
or in the publically available GTEx PFC (v6) eQTL. Despite this, the repli-
cation of GTEx eQTL in CMC is extremely high (11 = 0.98) confirming these
experiments are capturing the same information, despite substantially different
processing and analysis pipelines, and are appropriate for meta-analysis.

458T

Interactive effect between ATPase-related genes and early-life tobac-

co smoke exposure on bronchial hyper-responsiveness detected in
asthma-ascertained families. M-H. Dizier'?, P. Margaritte-Jeannin'2, L.

Pain3, C. Sarnowski'2, M. Brossard'?, H. Mohamdi'2, N. Lavielle'2, J. Just:, M.
Lathrops, E. Bouzigon'?, C. Laprise*, F. Demenais'#, R. Nadifs™, #* contributed
equally. 1) Inserm U946, Paris, France; 2) Univ Paris Diderot, Paris, France; 3)
Université du Québec a Chicoutimi, Québec, Canada; 4) Centre de I'Asthme
et des Allergies — Inserm, UMR-S 1136, Equipe EPAR, Paris, France; 5) Mc
Gill University, Montréal, Canada; 6) Inserm, UMR-S 1168, Villejuif, France; 7)
Univ Versailles Saint-Quentin en Yvelines, France.

In a previous positional cloning study of the 17p11 region, we identified ge-
netic variants interacting with exposure to tobacco smoke (ETS) in early life for
bronchial hyper-responsiveness (BHR) in the French Epidemiological study on
the Genetics and Environment of Asthma (EGEA) (Dizier et al., 2007). These
variants were located in Dynein, Axonemal, Heavy Chain 9 gene, DNAH9 (Di-
Zier et al., 2016), a promising candidate gene, which has a key role in motile
cilia function and is associated to primary ciliary dyskinesia, a disease associ-
ated with bronchiectasis and abnormalities of pulmonary function. The aim of
the present study was to identify other genetic variants interacting with ETS for
BHR by investigating genes involved in the "ATPase binding" and the "ATPase
activity" pathways. These two pathways were selected because they both
include DNAH9, are known to be target of cigarette smoke and are involved in
the movement of respiratory cilia. Analyses were first conducted in a discovery
sample of 388 asthmatic EGEA families, using family-based association test
(FBAT). For all SNPs located within 277 genes belonging to the two pathways,
we applied FBAT homogeneity test between exposed vs. unexposed siblings
to detect SNP x ETS interactive effects on BHR. Replication was performed in
Saguenay-Lac-Saint-Jean (SLSJ) asthma collection (Laprise 2014), anoth-
er asthma-ascertained sample of 253 French-Canadian families. In EGEA
families, 25 SNPs showed interaction signals (P<5x10-<) with ETS among
BHR siblings. One SNP on 4p13 region reached the threshold (P=2x10+*) for a
significant interaction with ETS when correcting for multiple testing. This result
did not quite reach the nominal level for replication in SLSJ families (P=0.13)
but there was improvement of evidence for interaction in the meta-analysis
of the two samples (P=10-). Another SNP on 9931 showed a stronger signal
of interaction in the SLSJ study (P=0.003), and a suggestive interaction by
meta-analysis (P=6x10+). Further replication studies are now necessary to
confirm these results. This study highlights that incorporating biological knowl-
edge in the selection of genes may identify novel genes potentially interacting
with ETS in BHR siblings.
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A novel statistical method for genetic pleiotropic analysis of multiple
phenotypes. N. Lin', Y. Zhw?, R. Fan®, J. Zhao?, M. Xiong'. 1) University of Tex-
as School of Public Health, Houston, TX; 2) Tulane University, New Orleans,
LA; 3) NIH, Washington DC.

Next-generation sequencing technologies and modern biosensing produce
dozens of millions of SNPs and large number of phenotypes. A key issue for
learning the intricate structures of genotype-phenotype is how to effectively
extract a few informative internal representation and features from extremely
high dimensional genotype and phenotype data. Deep learning uses statistical
tools to extract information and reduce the size of “Big Data”. Both genome
and phenotype signals are compositional hierarchies, in which low level
features are combined into higher-level features. Deep hierarchical represen-
tations of the genome and phenotype data transform the internal represen-
tation at one level into a representation at a higher and more abstract level,
extract better informative features and capture invariant features that are only
sensitive to the phenotype variability. Motivated by deep learning, we develop
a novel quadratically regularized functional canonical analysis (QFCCA) for
genetic pleiotropic analysis and apply it to UK-10K dataset with 46 traits and
2,240,049 SNPs in 33,746 genes typed in 765 individuals. The number of
genes that were significantly associated with 46 traits after Bonferroni cor-
rections( P-value less than 1.5E-6) identified using QFCCA, FCCA, GAMuT,
functional MANOVA and USAT were 80, 50, 0, 50, O, respectively. The 46
phenotypic variables can be classified as 13 sub- groups according to their
biological functions. Then by applying the QF CCA statistics to these sub-group
phenotype separately, we can identify 8 genes that are significantly associated
with 3 sub-group phenotypes and 43 genes were significantly associated with
2 sub-group phenotypes. A total number of identified genes that were signifi-
cantly associated with at least one of 46 traits using QFCCA, FCCA, functional
MANOVA, USAT and GAMuT were 299, 262, 262, 0 and 43, respectively. The
results show that the QFCCA substantially outperforms all existing statistics for
genetic pleiotropic analysis.

460W

A comparison of methods for genome-wide association mapping in the
PAGE study. R. Tao', J. Haessler?, D.Y. Lin', T. Thorntons, S. Buyske?s, Y.
Patels, C.R. Gignouxt, E. Stahl’, T. Matise®, G.L. Wojciké, K.E. Norths, S. Bien?,
C.D. Bustamante, L. Hindorf", R.J.F. Loos’, E.E. Kenny’, C. Carlson?, C.
Kooperberg?, D.O. Strams. 1) Department of Biostatistics, University of North
Carolina, Chapel Hill, NC; 2) Public Health Sciences, Fred Hutchinson Cancer
Research Center, Seattle, WA; 3) Department of Biostatistics, University of
Washington, Seattle, WA; 4) Department of Statistics, Rutgers University,
Piscataway, NJ; 5) Keck School of Medicine, University of Southern Califor-
nia, Los Angeles, CA; 6) Department of Genetics, Stanford University, Palo
Alto, CA; 7) Department of Genetics and Genome Sciences, Ichan School of
Medicine at Mount Sinai, New York, NY; 8) Department of Genetics, Rutgers
University, Piscataway, NJ; 9) Department of Epidemiology, University of North
Carolina, Chapel Hill, NC; 10) Stanford Center for Computational, Human,
and Evolutionary Genomics, Palo Alto, CA; 11) Division of Genomic Medicine,
NHGRI, NIH, Bethesda, MD.

Purpose: Recently 53,424 participants in the diverse PAGE study were
genotyped for 1.7 million SNPs on the lllumina MEGA array. Genome-wide
association studies of the PAGE data require statistical methods to control for
hidden population stratification, admixture, and also for a high degree of both
known and unknown relatedness. Failure to adjust for population structure
and relatedness will lead to high false positive rates in genetic association
testing. Two adjustment methods one based on linear mixed models (LMM)
and another on generalized estimating equations (GEE) were compared in
order to provide guidance to investigators concerning the relative performance
of these methods in analysis of the large number of phenotypes available for
the consortium. Methods: The LMM used is the Genesis program imple-
mented in Bioconductor package for R, while the GEE method considered is
the SUGEN program of Lin et al. Markers of frequency of 0.001 or greater in
the PAGE genotype data were used in the association tests. All association
analyses included principal components and (when appropriate) age and sex,
as adjustment variables. Results: After examining nearly twenty different phe-
notypes with up to 49,000 individuals in a given analysis we found relatively
few instances where the output from SUGEN and Genesis differed markedly
between one another. Overall the genomic control parameters were slightly
smaller when using the Genesis program than the SUGEN program, indicating
somewhat better control for relatedness using the former. However p-values,
effect sizes, and test statistics were generally very highly correlated between
the two methods with little reordering of the top associations. The greatest dif-
ferences in pooled versus stratified analyses were seen for phenotypes show-
ing heterogeneous variances by strata (i.e. by racial/ethnic group). In general
the Genesis program was much slower than the SUGEN program for the
pooled analyses, for stratified analyses, where there were smaller numbers of
subjects per analysis, the run times were much more similar. Conclusions:
Compared to most GWAS datasets the PAGE samples genotyped on the ME-
GA-array exhibit an unusual degree of structure especially relatedness. The
LMM-based Genesis program theoretically allows for a much more complex
relatedness structure than does the GEE-based SUGEN program. However, in
these data the results of the two approaches are quite compatible.
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Integration of summary data from GWAS and eQTL studies predicts
complex trait gene targets. Z. Zhu', F. Zhang', H. Hu?, A. Bakshi', M. Rob-
inson’, J. Powell's, G. Montgomery*, M. Goddard:s, N. Wray', P. Visscher'’, J.
Yang'’. 1) Queensland Brian Institute, University of Queensland, Brisbane,
QLD, Australia; 2) State Key Laboratory of Plant Physiology and Biochemistry,
College of Life Sciences, Zhejiang University, Hangzhou, China; 3) Institute
for Molecular Bioscience, University of Queensland, Brisbane, Queensland,
Australia; 4) Molecular Epidemiology, QIMR Berghofer Medical Research Insti-
tute, Brisbane, Queensland, Australia; 5) Faculty of Veterinary and Agricultural
Science, University of Melbourne, Parkville, Victoria, Australia; 6) Biosciences
Research Division, Department of Economic Development, Jobs, Transport
and Resources, Bundoora, Victoria, Australia; 7) University of Queensland
Diamantina Institute, Translation Research Institute, Brisbane, Queensland,
Australia.

Genome-wide association studies (GWAS) have identified thousands of
genetic variants associated with human complex traits. However, the genes
or functional DNA elements through which these variants exert their effects
on the traits are often unknown. We propose a method (called SMR) that
integrates summary-level data from GWAS with data from expression quantita-
tive trait locus (eQTL) studies to identify genes whose expression levels are
associated with a complex trait because of pleiotropy. We apply the method
to five human complex traits using GWAS data on up to 339,224 individuals
and eQTL data on 5,311 individuals, and we prioritize 126 genes (for example,
TRAF1 and ANKRD55 for rheumatoid arthritis and SNX79 and NMRAL1 for
schizophrenia), of which 25 genes are new candidates; 77 genes are not
the nearest annotated gene to the top associated GWAS SNP. These genes
provide important leads to design future functional studies to understand the
mechanism whereby DNA variation leads to complex trait variation.

462F

Improving power for rare variant tests by integrating external controls. S.
Lees, S. Kim', C. Fuchsberger'z 1) Biostatistics, University of Michigan, Ann
Arbor, MI; 2) Center for Statistical Genetics, University of Michigan, Ann Arbor,
MI.

Due to the drop in sequencing cost, the number of sequenced genomes is
increasing rapidly. To improve power of rare variant tests, these sequenced
samples could be used as external control samples in addition to control
samples from the study itself. However, when using external controls, possible
batch effects due to the use of different sequencing platforms or genotype
calling pipelines can dramatically increase type | error rates. To address this,
we propose novel summary statistics-based single and gene- or region-based
rare-variant tests that allow the integration of external controls while controlling
for type | error rates. Our approach is based on the insight that batch effects
on a given variant can be assessed by comparing allele frequencies between
internal and external control samples. Specifically, to mitigate possible batch
effects for the single variant test, we propose a shrinkage estimator of a log
odds ratio; we then extend the shrinkage estimator to gene- or region-based
tests by aggregating single variant log odds ratios. Through extensive simula-
tion experiments, we show that the proposed method can control type | error
rates at the exome-wide significant level (alpha=2.5x10-), and have substan-
tially increased power over an approach using the internal controls only. By
using European ESP samples as external controls in the analysis of age-re-
lated macular degeneration (AMD) targeted sequencing data, the proposed
method can replicate rare-variant associations between AMD and CFH (p-val-
ues=8.27x10¢) and C3 (p-values=1.57x10+) genes. These genes are not
significant when the internal control samples are exclusively used (p-values >
0.01). The proposed method is implemented in iECAT R-package.
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Adjustment for confounders in random forests analysis. Y. Zhao, D.F.
You, F. Chen, H. Yu. Department of Biostatistics, Nanjing Medical University,
Nanjing, China.

AIM: Random forest (RF) has been increasingly applied in the analysis of
high dimensional genetic data. However, if the confounding effects has not
been appropriately removed, RF may produce biased results. METHODS: We
propose to adjust the confounding effects by a residual-based procedure. Sup-
pose that there are 1 response (Y), p confounders and k predictors. We firstly
fit a RF model by using Y as the response and the p confounders as the pre-
dictors. We then generated the adjusted response as the difference between
Y and the prediction of the RF model. Similar procedures were performed
to generate the adjusted predictors. The adjusted response and predictors
are then used as the outcome and covariates in the RF analysis. RESULTS:
Extensive simulations were performed to evaluate the proposed procedure.
The proposed procedure has advanced performance when there are one or
two confounders. The proposed adjustment can also be used when there are
interactions between confounders. We also applied the proposed method in a
real GWAS dataset. CONCLUSIONS: The proposed adjustment procedure can
be used in the RF analysis on high dimensional data when there are potential
confounders.

464T

Are population-specific panels of exomes useful to identify disease vari-
ants: Insights from the French Exome Project. E. Genin’, C. Dina?, T. Lud-
wig', O. Quenezé, S. Letort', P. Lindenbaum?, J. Giemza?, B. Grenier-Boley*, C.
Charbonniers, C. Bellenguez*, D. Bacg, D. Lechners, A. Bolands, V. Meyers, S.
Chatel?, K. Rouault', G. Nicolas?, C. Férec', H. Le Marecz, L. Letenneurs, J-F.
Dartigues®, J-C. Lambert!, D. Campion?, R. Redon?, J-F. Deleuzes. 1) U1078
Genetics, functional Genomics, Biotechnology, INSERM, CHRU, UBO Brest,
France; 2) Inserm UMR-1087 / CNRS UMR 6291, l'institut du thorax, Univ.
Nantes, Nantes, France; 3) Inserm UMR-1079, Faculté de Médecine, Univ.
Rouen, Rouen, France; 4) Inserm UMR-1167, Institut Pasteur, Lille, France;
5) Centre National de Génotypage, CEA, Evry, France; 6) Inserm UMR-1219,
Univ. Bordeaux, Bordeaux, France.

Novel high throughput sequencing technologies enable the characterization
of all the genetic variations in the coding sequence (exome) of individuals and
the discovery of novel variants involved in monogenic and complex diseas-
es. The study of these two kinds of diseases require different methods and
raises specific problems however, in both situations, the major challenge is to
understand the functional role of the identified variants to filter out the neutral
ones. For this purpose, investigators often rely on the observed frequencies of
variants in public databases. In this work, we show that these public databas-
es are not well representatives of the different ancestries in Europe and this is
true in particular for France. Indeed, comparing the exomes of 573 individuals
sampled in 6 different regions of France to the frequency data available in
ExXAC, we identified several variants with significant allele frequency differenc-
es. We also found that compared to the different public panels, the “French
exomes” allow a more efficient filtering of variants leading to a substantial
reduction in the number of candidate variants retained for validation. These
allele frequency differences are also detected within France between the dif-
ferent geographic regions, pointing out, for example, to some loss-of-function
variants that could have been under positive selection. Moreover, at this fine
geographical scale, we were able to detect differences in the rare variant bur-
den in several genes that could have consequences for the setting-up of rare
variant association studies. Population-specific exome panels such as the
one we have developed through the French Exome (FREX) Project are clearly
useful to avoid false positives findings due to population structure and to allow
a better understanding of genetic diversity at fine geographic scales.
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Functional regression method for whole genome epistatic eQTL analysis
with sequencing data. K. Xu', L. Jin', M. Xiong?'. 1) School of Life Sciences
and Institutes of Biomedical Sciences, Fudan University, Shanghai, Shanghai,
China; 2) Department of biostatistics, University of Texas School of Public
Health, Houston, TX.

Epistasis plays an essential rule in understanding the regulation mecha-
nisms and is an essential component of the genetic architecture of the gene
expressions. However, interaction analysis of gene expressions remains
fundamentally unexplored due to great computational challenges and data
availability. Sparse multivariate regression models (MLMs) are widely used
methods for expression epistasis analysis. The current MLMs were designed
for microarray gene expression measurements and common variants. They
consider a SNP at a time and take one number as a summarized gene expres-
sion level. Due to variation in splicing, transcription start sites, polyadenylation
sites, post-transcriptional RNA editing across the entire gene, and transcription
rates of the cells, RNA-seq measurements generate large expression variabil-
ity and collectively create the observed position level read count curves. A sin-
gle number for measuring gene expression which is widely used for microarray
measured gene expression analysis is highly unlikely to sufficiently account
for large expression variation across the gene. Simultaneously analyzing
epistatic architecture using the whole genome RNA-seq and next-generation
sequencing (NGS) data poses enormous challenges for methodologies and
computations. To meet these challenges, we proposed a functional regression
model (FRM) for epistasis analysis of gene expression, which takes a gene
as a basic unit and view the RNA-Seq of each gene as a continuous curve.
By large-scale simulations, we demonstrate that the proposed method can
achieve the correct type 1 error and has higher power to detect the interac-
tions between genes than the existing methods. The proposed methods are
applied to the RNA-Seq and next-generation sequencing data from the 1000
Genome Project. The numbers of pairs of significantly interacting genes after
Bonferroni correction identified using FRM, RPKM and DESeq were 16,2361,
260 and 51, respectively, from the 350 European samples. The QQ plots for
FRM had excellent behavior. In summary, the FRM is a good choice for the
whole genome epistatic eQTL analysis. .

466W

X-inclusion: Integrating X chromosome in whole genome association
studies of variance heterogeneity. W.Q. Deng’, S. Lei'2 1) Statistical Sci-
ences, University of Toronto, Toronto, Ontario, Canada; 2) Dalla Lana School
of Public Health, University of Toronto, Toronto, Canada.

Genetic variants associated with heterogeneity of quantitative trait vari-
ance are considered promising candidates to follow up. Not surprisingly, this
approach to discover potentially interacting SNPs has so far been restricted to
autosomes as X-chromosomes are often excluded from genome-wide analy-
ses. In this short report, we qualitatively examined three grouping strategies
to test variance heterogeneity of X-chromosome SNPs using Levene’s test.
We showed theoretically, in the context of variance heterogeneity testing,
the three-genotype grouping assuming either the presence or absence of
X-inactivation could potentially cause spurious variance signals as a result of
confounders. For example, an inherent confounder for X-chromosomal SNPs
is sex. Since sex necessarily correlates with the the number of minor alleles
of X-chromosomal SNPs, and the distribution of certain quantitative traits due
to physiological differences between female and male. Simulation studies and
empirical analyses using data from Multi-Ethnic Study of Atherosclerosis are
provided to show that 1) the extent the confounding depends on the sex-strat-
ified distributions of the quantitative trait, 2) the five-group genotype/allele
combined scheme is the most robust strategy for X-chromosome analysis of
phenotypic variability, 3) the pattern of variance heterogeneity signals from
X-chromosome SNPs also supports the complex genetic architecture of
polygenic traits.
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Effect of bias and misclassification on gene-environment studies con-
ducted in observational cohort settings: A simulation study. A.A. Seyerle’,
C.M. Sitlani?z, K.E. North', C.R. Lee’, E.A. Whitsel'+, T. Stiirmer's, C.L. Avery'.
1) Department of Epidemiology, University of North Carolina, Chapel Hill, NC;
2) Department of Medicine, University of Washington, Seattle, WA; 3) Division
of Pharmacotherapy and Experimental Therapeutics, Eshelman School of
Pharmacy, University of North Carolina, Chapel Hill, NC; 4) Department of
Medicine, University of North Carolina, Chapel Hill, NC; 5) Center for Pharma-
cotherapy, University of North Carolina, Chapel Hill, NC.

Gene-environment studies represent an increasingly popular avenue to
characterize complex traits. Yet few investigations have evaluated the degree
to which gene-environment interaction estimates are influenced by sources
of bias that affect estimates of the association between the environmental
exposure and the outcome. Using pharmacogenomics as our gene-environ-
ment model, we therefore simulated three designs (cross-sectional, repeat
cross-sectional, incident exposure), two referent groups (whole cohort, alter-
nate exposure), and two scenarios (extreme or modest environmental effects)
of N=120,000 participants using 1 million iterations to enable comparisons
of 12 studies of the electrocardiographically measured QT interval (QT). For
each study, we simulated a causal SNP with minor allele frequency of 25%
and an index exposure frequency of 17%, using an a=5x10%. When selection
bias was introduced to the extreme environmental effect scenarios, modest
bias in the environment-SNP interaction was observed for all designs and ref-
erent groups with the exception of the two incident exposure designs (relative
bias range: 2-18%); statistical power also was modestly decreased for these
studies (e.g. relative power decrease of 1-37% to detect a simulated 2 ms
environment-SNP interaction). However, minimal bias in the environment-SNP
interaction effect was observed when selection bias was introduced to the
modest effect scenario. When plausible degrees of exposure misclassification
(sensitivity=97%, specificity=79%) were introduced, substantial bias towards
the null in the environment-SNP interactions was observed across all 12 study
settings (relative bias range: 25-51%); statistical power also was substantially
decreased (e.g. relative power decrease of 50-99% to detect a simulated 2 ms
environment-SNP interaction). In the presence of exposure misclassification,
the detection of a simulated 2 ms effect required a repeat cross-sectional
design with at least 150,000 participants. Exposure misclassification poses a
sizable threat to gene-environment studies, greatly reducing estimated effect
sizes, statistical power, and therefore perceived clinical and public health
impact. Efforts to reduce the effects of exposure misclassification in gene-envi-
ronment studies are therefore warranted.
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Heritability and ancestry influence the genomic architecture of height in
South African KhoeSan populations. C. Gignoux', M. Lin?, J.M. Granka’,
A.R. Martin', J. Myrick:, E. Atkinson?, C.J. Werely?, D. Gurdasani‘, C. Pomilla*,
T. Carstensen’, B. Scelzas, M. Mollers, M. Sandhu¢, C.D. Bustamante’, E.G.
Hoal’, M.W. Feldman', B.M. Henn>. 1) Stanford University, Stanford, CA; 2)
Stony Brook University, Stony Brook, CA; 3) SA MRC Centre for Tuberculo-
sis Research, DST/NRF Centre of Excellence for Biomedical Tuberculosis
Research, Division of Molecular Biology and Human Genetics, Faculty of
Medicine and Health Sciences, Stellenbosch University, Cape Town, South
Africa; 4) Wellcome Trust Sanger Institute, Cambridge, UK; 5) Department of
Anthropology, University of California, Los Angeles, CA.

Height is a standard quantitative trait for genetic associations and has been
extensively studied in European populations, however like most complex traits
the architecture is less well known in other populations. However even with
study sizes in the hundreds of thousands, GWAS hits explain only a limited
amount of phenotypic variance relative to the high heritability of the trait. Very
little is known about the genetics of height elsewhere, particularly in indige-
nous populations. To understand shared and unique components of height in
a different population we collected DNA from over 400 individuals in extended
families from two KhoeSan communities from the Northern Cape in South Afri-
ca, the #Khomani San and Nama. These groups continue to practice elements
of traditional hunter-gatherer or pastoralist subsistence and therefore have
the potential for different environmental influences. Pedigree-based heritability
estimates of height in the KhoeSan is quite high (h2=0.95), although average
height is lower than in other neighboring populations. Estimating heritability via
relatedness matrices from SNP array and exome data are similar, likely due
to inclusion of close relatives. After imputation we used linear mixed models
to control both for population stratification and relatedness in our GWAS.

We identified several signals associated with height variation in VWAS8 and
KSR2, previously associated with BMI and energy regulation. We confirmed
the associations at these regions through targeted resequencing in the same
cohorts, boosting common variant signals at associated loci (p~5.19¢in
VWAS8, p~5.33* in KSR2). We were able to replicate our top hits in the GIANT
Consortium, primarily using a gene-based test (p=0.01), suggesting a shared
influence on height in both KhoeSan and European populations. Interestingly,
while both populations identify as KhoeSan, they historically have had different
cultural practices and patterns of admixture with neighboring groups, resulting
in a significantly different local ancestry patterns. This affects cross-population
replicability and places additional importance on understanding fine-scale pop-
ulation structure in these communities. Taken together, these results show that
genetically diverse cohorts can be effectively leveraged for characterization of
genetic architecture and large effect variants, and contribute to the trans-eth-
nic basis of height.
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Highly differentiated HLA-DPA1 variant rs3077 may account for global
disparity of hepatitis B virus infection. P. An, C.A. Winkler. Basic Research
Laboratory, Center for Cancer Research, National Cancer Institute, Leidos Bio-
medical Research, Inc., Frederick National Laboratory for Cancer Research,
Frederick, MD.

Hepatitis B Virus (HBV) infection is a pandemic global disease. However,
HBV prevalence varies greatly in the world populations, with high prevalence
in East Asia and Africa and low prevalence in Europe. Recent GWAS and
candidate studies have reported that SNP rs3077 in the HLA-DPA gene is con-
sistently associated with HBV infection and HBV clearance. The risk C allele
of rs3077, located in the 3’UTR, was associated with lower HLA-DPA1 mRNA
expression in normal human liver. To evaluate whether HLA-DPA1 rs3077
contributes to the global disparity of HBV prevalence, we compared the global
distribution of HLA-DPA1 allele frequencies from HGDP and HapMap data
and HBV prevalence in the world populations. We calculated Fixation index
(Fst) values reflecting population differentiation of rs3077 among populations.
Based on our previous finding (J Infect Dis. 2011;203:943-7), the risk ancestral
C allele of rs3077 was associated with higher acquisition risk of HBV infection
(Odds ratio [OR] 1.61) and failure to clear HBV infection (OR = 0.42). We
calculated population attributable risks of 36% for HBV infection and 56% for
failure to clear HBV, respectively, for the risk rs3077 C allele in Han Chinese.
The rs3077 C allele frequency was highest in Africa Yoruba (74%) and Han
Chinese (63%) and lowest in Europeans (12%). The pairwise Fst values of
0.25 between Asians and Europeans and 0.42 between Africans and Europe-
ans indicate that rs3077 is highly differentiated among populations. In a simple
linear regression analysis of 20 populations with both rs3077 allele frequen-
cies and HBsAg (HBV surface antigen) prevalence rates available, the rs3077
C allele frequency was in strong positive correlation with HBsAg prevalence.
The correlation between rs3077 and HBV carrier rates was highly correlated
(correlation coefficient 0.81, P <0.001). Although a causal relationship remains
to be established, the HLA-DPA1 rs3077, would explain 66% (r>=0.66) of the
variance in global HBV prevalence. The highly-stratified distribution of rs3077
across human populations and correlation with HBV prevalence suggest that
HLA-DPA1 rs3077 may account in part for disparate HBV chronic infection
rates in human populations. (Funded by the National Cancer Institute under
Contract HHSN261200800001E).
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Genetic variation and smoking behavior among diverse populations:
Multi-Ethnic Genotyping Array (MEGA) analysis in the PAGE Study. /.
Cheng', Y. Li', S.L. Park?, K. Young?, S. Bien*, C. Schurmannz, T. Matise®, L.
Hindorff:, R. Jamest, S. Buyskes, S.P. David®, N. Zubair*, C.A. Haiman?, L.R.
Wilkens™, R. Looss, U. Peters?, C. Kooperberg’, K. North’, D.O. Stramz, L. Le
Marchand for the PAGE Study. 1) Cancer Prevention Institute of Califor-
nia, Fremont, CA; 2) University of Southern California, Los Angeles, CA; 3)
Department of Epidemiology, University of North Carolina, Chapel Hill, NC; 4)
Division of Public Health Sciences, Fred Hutchinson Cancer Research Center,
Seattle, WA; 5) The Charles Bronfman Institute for Personalized Medicine,
Icahn School of Medicine at Mount Sinai, New York, NY; 6) Rutgers University,
New Brunswick, NJ; 7) Division of Genomic Medicine, NHGRI, NIH, Bethesda,
MD; 8) Clinical and Health Services Research, NIMHD, NIH, Bethesda, MD;
9) Stanford University, Palo Alto, CA; 10) University of Hawaii Cancer Center,
Honolulu, HI.

Background: Globally, cigarette smoking accounts for 6.1 million deaths
and 143.5 disability adjusted life years and is the primary risk factor for many
cancers as well as other common chronic diseases such as cardiovascular
disease. Numerous common variants have been associated with various
smoking traits. However, many of these variants have been studied in predom-
inately European populations. The objective of this analysis was to identify
novel genetic risk variants for smoking behavior, using the lllumina Multiethnic
Genotyping Array (MEGA) that was designed specifically to improve variant
discovery and fine-mapping for metabolic, anthropometric, and lifestyle loci
in non-European populations. Methods: We included 14,785 smokers from
the Population Architecture using Genetics and Epidemiology (PAGE) Study
that were genotyped using MEGA with information on the number of cigarettes
smoked per day. We examined over 1.1 million SNPs with a minor allele
frequency (MAF)>0.01. Race/ethnicity-specific ordinary linear regression
results for African Americans, Asian Americans, Native Hawaiians, and Native
Americans and generalized estimation equation results for Hispanics were me-
ta-analyzed. Results: We confirmed associations for known smoking loci at
chromosome 15g25.1 and chromosome 19913.2. Potential novel associations
for the number of cigarettes smoked per day were observed at chromosome
8p23.2 with rs7003625 in CSMD1 (average MAF= 0.31, beta= 0.040, standard
error= 0.008, P=4.1x107) and chromosome 20q11.2 with rs182236729, a mis-
sense variant in MYH7B (average MAF =0.01, beta= -0.641, standard error=
0.129, P=6.9x107). There was no evidence of heterogeneity in associations by
race/ethnicity. Conclusions: These preliminary findings suggest novel asso-
ciations for smoking behavior among diverse racial/ethnic populations. Future
work will further examine rare variants, fine-map known smoking risk loci, and
incorporate data on imputed genotypes. The discovery of novel risk variants
and the genetic characterization of known smoking loci in non-European pop-
ulations will increase our understanding of the shared and population-specific
genetic susceptibility of smoking. Such findings may ultimately guide tailored
smoking cessation and screening efforts for tobacco-related diseases.
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Exposure to polychlorinated biphenyls (PCBs) and uric acid transporter
polymorphisms in American Indians: The Strong Heart Family Study. G.
Chittoor', K. Haack?, A. Sjodins, S. Laston’, L.G. Bests, J. W. MacCluer:, J.G.
Umanss, S.A. Cole?, A. Navas-Acien’#2r, V.S. Voruganti'. 1) Department of Nu-
trition, and Nutrition Research Institute, University of North Carolina at Chapel
Hill, NC; 2) Department of Genetics, Texas Biomedical Research Institute, San
Antonio, TX; 3) Centers for Disease Control and Prevention, Atlanta, GA; 4)
South Texas Diabetes and Obesity Institute, School of Medicine, University

of Texas Rio Grande Valley, Brownsville, TX; 5) Missouri Breaks Industries
Research Inc., Timber Lake, SD; 6) Georgetown-Howard Universities Center
for Clinical and Translational Science, Washington, DC; 7) Department of Envi-
ronmental Health Sciences, Johns Hopkins University Bloomberg School of
Public Health, Baltimore, MD; 8) Department of Epidemiology, Johns Hopkins
University Bloomberg School of Public Health, Baltimore, MD; 9) Welch Center
for Prevention, Epidemiology and Clinical Research, Johns Hopkins University
Bloomberg School of Public Health, Baltimore, MD; 10) Department of Oncolo-
gy, Johns Hopkins School of Medicine, Baltimore, MD.

Background: Polychlorinated biphenyls (PCBs) are among several per-
sistent organic pollutants (POPs) recognized to be toxic to the environment
and humans by the United Nations environment program at their Stockholm
Convention. Like other POPs, PCBs are highly resistant to biodegradation and
tend to accumulate in living organisms, particularly in lipid rich liver and adi-
pose tissues. Studies have shown a positive relationship between exposure to
PCBs and metabolic disease risk factors such as hyperuricemia, hypertension,
insulin resistance, inflammation, and oxidative stress. Previously we have
shown that 25% of American Indians participating in the Strong Heart Family
Study (SHFS) had hyperuricemia or elevated serum uric acid (SUA) con-
centrations and that SUA is strongly influenced by uric acid transporter gene
variants. Therefore, our aim in this study was to assess genetic influences
on serum PCBs and their relationship with SUA in SHFS. Methods: Serum
levels of 24 PCBs were ascertained in a cohort of 169 SHFS participants using
GC/HRMS. DNA samples were genotyped using lllumina Vera Code Golden
Gate genotyping assay kit for 78 SNPs that were selected for their strong
association with SUA concentrations in previous studies. A variance compo-
nents-based quantitative genetic analysis was performed using SOLAR. The
association of serum PCBs with SUA-associated SNPs was estimated using
a measured genotype analysis accounting for family relationships. Results:
Mean values of serum PCB concentrations ranged from 0.94 to 183.33
pg/g. Serum PCBs showed a positive but non-statistically significant trend
of association with SUA concentration. Of the 24 PCBs, 7 analytes (PCB66:
2,3',4,4'-tetraCB; PCB99: 2,2’ 4,4’ 5-pentaCB; PCB105: 2,3,3,4,4’-pentaCB;
PCB118: 2,3',4,4’,5-pentaCB; PCB183: 2,2',3,4,4',5",6-heptaCB; PCB206:
2,2',3,3,4,4,5,5,6-nonaCB; PCB209: decaCB) exhibited moderate-to-high
heritabilities (p < 0.03). Significant associations were observed between uric
acid transporter SNPs and PCBs, (p < 0.006, MAF between 12 and 42%,
effect sizes up to 7%) rs2078267 (SLC22A11) with PCB105, rs2242206
(SLC16A9) with PCB118 and PCB66, rs1183201 (SLC17A1) and rs942379
(SLC17A3) with PCB206 and PCB209, and rs2231142 (ABCG2) with PCB183.
Conclusions: Several of the serum PCB measures were heritable and associ-
ated with uric acid transporter gene variants suggesting a pleiotropic relation-
ship between serum PCBs and SUA concentrations in SHFS Participants. .
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A variance-components approach to identifying causal haplotypes in
quantitative-trait linkage. J.E. Hicks"?, M.A. Province'2 1) Division of Biosta-
tistics, Washington University School of Medicine in Saint Louis, St Louis, MO;
2) Division of Statistical Genomics, Washington University School of Medicine
in Saint Louis, St Louis, MO.

Variance-components (VC) linkage analysis has been an important tool for
identification of quantitative trait loci in humans. However, the VC model has
some drawbacks. In conventional linkage analysis, pedigrees are assumed
to be independent. This assumption may not always hold, as research shows
that cryptic relatedness between ‘unrelated’ individuals is common. Addition-
ally, effect sizes generated only give the amount of variance attributable to a
locus, and not which variants are most influential to that variance. Recent ex-
ponential population growth has resulted in an excess of rare variants across
the genome. Population genetics theory predicts that these rare variants
reside on long haplotypes in the population. Long shared haplotypes between
individuals are identifiable from high-density genotype data both within and
across pedigrees. Incorporation of haplotype information may increase power
to identify rare variants influencing common traits. We propose a method
based on a linear mixed-effects model to find haplotypes responsible for a link-
age signal. Phased haplotype data contains much of the information provided
by identity-by-descent (IBD) covariance matrices. Instead of an IBD covari-
ance matrix for a locus, we include a random effect indicating an individual’s
haplotype state alongside a polygenic effect. Statistical significance can be
determined by likelihood ratio test. Duing the model fit, best linear unbiased
predictions (BLUPs) of the effect of each haplotype are generated. To test the
power of this method we generated simulated data. One hundred replicates
were generated for 50 pedigrees with genotypes based on the Affymetrix 6.0
chromosome 12 marker set. P henotypes were generated based on genotypes
to have a standard normal distribution and heritability of 50%. Each pedigree
had a 50% chance of carrying a 5,000 SNP haplotype containing a rare variant
influencing the trait. We fit a model with 8 SNPs per haplotype in a 1Mb region
around the rare variant. This haplotype VC model showed 100% power
at a=0.05 to detect a disease haplotype with effect +2o0 . Powers for small-
er effect sizes were 95%, 70%, and 23% for sizes +1.50, +10, and +0.50,
respectively. In null data, the method showed a false positive rate of 3%. The
ability to identify BLUPs for each haplotype makes this a useful method to bet-
ter understand the results of VC linkage. Additionally, BLUPs can allow more
accurate selection of individuals to sequence for further research.
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Association analyses of myopia in multiplex African-American families
using FBAT and a rare variant FBAT with exome chip data. C.D. Middle-
brooks', C.L. Simpson?, A.M. Musolfi, L. Portas?, F. Murgia‘, D. Stambolians,
J.E. Bailey-Wilson'. 1) National Human Genome Research Institute, Baltimore,
MD; 2) University of Tennessee Health Science Center, Memphis, TN; 3)
Universita degli Studi di Verona, Cagliari Area, Italy; 4) Institute of Population
Genetics - National Research council of Italy, Cagliari Area, Italy; 5) Scheie
Eye Institute - Penn Presbyterian Medical Center, Philadelphia, PA.

Myopia is an eye condition in which the light entering the eye does not focus
on the retina and instead focuses on a point in front of the retina and results in
distant objects appearing out of focus. Within recent years, the incidence and
prevalence of myopia have increased, reaching epidemic proportions in sever-
al Asian countries. Myopia currently affects about 1 in 4 Americans. Research
efforts have sought to identify both genetic and environmental causes of this
phenomenon. Populations of African descent have lower rates of myopia
than Asian populations, but multiplex families from the African-American
(AA) population may represent an opportunity to identify unique susceptibility
and protective alleles. We have performed an association study examining
common and rare variants using Exome Chip genotyping (lllumina HumanEx-
ome v1.1 array plus 24,263 custom SNPs) within a family - study framework
in 106 African-American families from the Philadelphia area who have multiple
individuals affected with myopia (The Penn Family Study). Individuals in the
families were defined as myopic if their average refractive error was <= -1
Diopter (D) and were considered unaffected if their average refractive error
was > 0.0 D; others were coded as having an unknown phenotype. More
stringent rules were used to code children as unaffected since children’s
eyes are constantly changing during childhood and adolescence. After quality
control there were 242,901 SNPs (3300 AlMs, 5300 common SNPs across
the genome and 240,000 coding SNPs) available for analysis. Single-vari-
ant analyses using FBAT resulted in a suggestive-level association signal
in African Americans within the psoriasis susceptibility 1 candidate 3 gene
(rs887468 in PSORS1C3) (P=1.2E-05) on chromosome 6. This association
signal is intriguing but the analysis of each genetic variant individually does
not adequately make use of the many rare variants available in this dataset. To
increase power, we are performing gene-based tests using a rare variant anal-
ysis approach within the Family Based Association Test (FBAT) software suite.
Using this analysis, we expect to increase our power to identify an association
by testing for an association at the gene-level which combines the effects of
multiple variants within a gene.

474F
The impact of population structure on rare variant association tests.
E. Persyn', L. Bellanger?, R. Redon’, C. Dina'. 1) I'institut du thorax - UMR
Inserm 1087 / UMR CNRS 6291, Nantes, France; 2) Laboratoire de Mathéma-
tiques Jean Leray — Université de Nantes / UMR CNRS 6629, Nantes, France.
Rare variant association studies are now enabled with the advances of
next-generation sequencing technologies. They aim to identify new genes
of susceptibility for complex diseases. Due to the power limitation of single
marker tests to detect association signals, a strategy is to test groups of
rare variants, commonly defined as genes. Numerous methods have been
proposed during the last decade to test heterogeneous groups of rare variants.
Population structure is known to be a confounding factor in genome-wide
association studies for common variants. However the impact of the genetic
stratification was less studied for rare variant association tests. Some authors
as Mathieson and McVean (2012) and O’Connor et al. (2013) have shown that
population stratification inflated the results of rare variant association tests but
this field requires more investigation. Evaluating the effect of this stratification
is important as ad hoc controls is a cost-effective option and often adopted by
researchers. We aim to better understand the impact of population structure
on different rare variant association tests. We conducted genetic simulations
based on a coalescent model implemented in the COSI program (Schaffner
et al., 2005). We considered in the demographical model several populations
whose geographical positions are defined by mutual migration rates. We
simulated different scenarios. The varied parameters are the migration rates,
the time to the split between populations and the number of controls sampled
from each population. Finally we applied ten rare variant association tests with
different strategies in order to identify those who are less sensitive to stratifi-
cation. We observe that some statistical association tests as SKAT (sequence
kernel association test) (Wu et al., 2011), SKAT-O (Lee et al., 2012) and KBAC
test (kernel-based adaptive cluster) (Liu and Leal, 2010) are more sensitive
to population structure than other statistical such as CAST (cohort allelic sum
test) (Morgenthaler and Thilly, 2007) and the weighted sum test (Madsen and
Browning, 2009). Appropriate correction methods should be considered for
various rare variant association strategies.
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Local genetic correlation provides insights into shared genetic basis

of 30 complex traits. H. Shi’, B. Pasaniuc?*. 1) Bioinformatics, University of
California Los Angeles, Los Angeles, CA; 2) Dept of Pathology and Labora-
tory Medicine, David Geffen School of Medicine, University of California Los
Angeles, CA; 3) 3Dept of Human Genetics, David Geffen School of Medicine,
University of California Los Angeles, CA.

Many complex traits and diseases share a correlation at a phenotypic level.
Such correlations can be attributed to shared environmental or similar genetic
architectures. Quantifying the correlation in phenotypes that is due to genetic
variations is of great interest in understanding the causal relationship between
complex traits. Standard approaches to estimate genetic correlation require in-
dividual-level genotype data, and are hindered by the availability of such data
due to privacy concerns. Cross-trait LD Score regression (Bulik-Sullivan et al.,
Nat. Genet. 2015) provide the convenience to estimate genome-wide genetic
correlation from GWAS summary statistics, but its random-effect assumption
renders it less suitable to estimate genetic correlation at a single locus, where
few SNPs may be causal. Here, we propose an estimator of genetic correla-
tion between pairs of traits at a single locus in the genome from summary
GWAS data while taking LD and overlapping GWAS samples into account.
Importantly, our estimator does not make any assumption on the number of
causal variants or their effect sizes by treating them as fixed-effects in our
model. Through extensive simulations, we show that our estimator is unbiased
given in-sample LD, and approximately unbiased given external reference LD.
We apply our estimator to GWAS summary data of 30 complex traits spanning
2.4 million phenotype measurements. We observe substantial local genetic
correlations among HDL, BMI, and years of education and many other pairs
of traits. To gain insights into the causality link among traits, we decompose
the genetic correlation across genomic loci, and identify loci that contribute
significant amount of genetic covariance.
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To ERV is Human: A phenotype-wide scan linking previously unrecog-
nized heterogeneous human endogenous retrovirus insertions to com-
plex diseases. A. Wallace’, B. Rhead?, X. Shao?, C. Metayer', J. Wiemels?, S.
Francis**. 1) Epidemiology, School of Public Health, University of California,
Berkeley, Berkeley, CA; 2) Genetic Epidemiology and Genomics Laboratory,
University of California, Berkeley, Berkeley, CA; 3) Epidemiology and Biostatis-
tics, University of California, San Francisco, San Francisco, CA; 4) Community
Health Sciences, University of Nevada, Reno, Reno, NV.

Approximately 8% of the human genome is comprised of ancient retroviral
insertions (ERVs), which integrated into germ cells and have been preserved
through natural selection. While the function of ERVs as regulators of gene
expression and immune modulation is well established, it was assumed
until recently that the locations of ERV insertions in the genome were fixed
across individuals and so their potential contribution to germ-line genetic risk
of complex diseases was largely overlooked. However, studies have shown
that the most recent ERV integration, HERV-K, is active in a range of complex
conditions from cancer to neurologic diseases. After demonstrating the
heterogeneous nature of HERV-K insertion sites genome-wide, our group has
associated these heterogeneous insertions with SNPs previously established
through GWAS of complex phenotypes using a hypothesis-free approach. Due
to the functional nature of ERVs, they serve as excellent candidates for causal
variants contributing to the hidden heritability of complex diseases. Previ-
ously we used an in-house pipeline, HERVnGoSeq, on the 1000 Genomes
Phase 3 whole genome sequencing data (n=2557) to 1) identify novel HERV-K
insertion sites not present in the human reference and 2) characterize the
heterogeneity of known and novel HERV-K insertion sites within and between
populations world-wide. Here, we first tested the association of 1252 potential
insertions with 24 million SNPs genome-wide among the 1000 Genomes
Phase 3 European population (n=489). Insertion sites that were mappable
using SNPs were defined as sites with a single, genome-wide significant peak
and were confirmed by visual inspection of Manhattan plots. Among mappable
insertion sites, associated SNPs positioned within 10Kb of the SNP with the
lowest p-value and with p-value < 1x10~ will next be extracted and the UCSC
Genome Browser PubsMarkerSnp table and the NHGRI-EBI GWAS Catalog
will be used to identify previously published associations of these SNPs with
complex traits. Of the nominated SNPs, we expect to identify associations
with phenotypes in previous publications. For phenotypes identified via this
method, ERVs may play an etiologic role, warranting further study. Further-
more, this tool can be used in future GWAS to identify ERV variants as risk
factors for disease.

Copyright © 2016 The American Society of Human Genetics. All rights reserved



76 Statistical Genetics and Genetic Epidemiology

477F

Generalized polygenic risk prediction for non-medical traits in a di-
rect-to-consumer setting. M.L. Multhaup, R.P. Smith, D. Hinds, N.A. Furlotte.
23andMe, Mountain View, CA.

The use of genetic risk prediction to classify individuals into disease risk cat-
egories based on their genetics has remained a challenging problem despite
dramatic growth in the number of disease-associated variants identified by
genome-wide association studies (GWAS). For a small number of conditions,
GWAS have identified single, large-effect variants that effectively discriminate
high-risk individuals. For many common complex traits, however, GWAS have
found many small effect variants, and it is less clear how to use these variants
to quantify risk. Recent work has shown that polygenic genetic risk scores
(GRS) can be used to identify high-risk individuals. However, most work has
been conducted on a limited set of well-studied phenotypes within clinically
ascertained cohorts. The generalizability of these methods has yet to be de-
termined. Furthermore, few studies have examined how GRS results could be
communicated to at-risk individuals. These issues are important for the future
of personalized medicine, which hinges on the ability to accurately quantify
and communicate risk to clinicians and the public. In this study, we developed
a generalized system for building polygenic risk prediction models and used
it to systematically evaluate the utility of GRS using the cohorts at 23and-

Me. 23andMe has one of the largest databases of genetic and phenotypic
information with over 1.2 million customers, 80% of whom have consented to
participate in research and contributed more than 345 million points of phe-
notypic data. Using these data, we created polygenic risk models for dozens
of non-medical traits and validated model performance using multiple metrics
and separate testing cohorts. In addition, we have implemented a system for
translating model output into easily-understandable consumer reports. We
present accuracy metrics for over a dozen GRS models created with cohorts
of 50-140,000 individuals and Area-Under-Receiver-Operator-Curves (AU-
ROCs) ranging from 0.55 to 0.737. We discuss how AUROCSs, despite being a
common one-number summary metric, do not capture relevant model features
necessary for evaluating the accuracy of information returned to recipients. To
our knowledge, this study is one of the first to evaluate the applicability of GRS
methods over multiple traits using information derived from a large database
of self-reported phenotypes. Our results provide a blueprint for developing
complex genetic risk estimates in a direct-to-consumer setting.
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Inheritance modes specific pathogenicity prioritization (ISPP) for human
protein coding genes. J. Hsu', J. Kwan', Z. Pan', M. Garcia-Barcelo?, P.
Sham'3, M. Li*s. 1) Department of Psychiatry, Li Ka Shing Faculty of Medicine,
The University of Hong Kong, HK; 2) Department of Surgery, Li Ka Shing Fac-
ulty of Medicine, The University of Hong Kong, HK; 3) Centre for Genomics
Science, Li Ka Shing Faculty of Medicine, The University of Hong Kong, HK.
Motivation: Exome sequencing studies have facilitated the detection of
causal genetic variants in yet-unsolved Mendelian diseases. However, the
identification of disease causal genes among a list of candidates in an exome
sequencing study is still not fully settled, and it is often difficult to prioritize
candidate genes for follow-up studies. The inheritance mode provides crucial
information for understanding Mendelian diseases, but none of the existing
gene prioritization tools fully utilize this information.Results: We examined
the characteristics of Mendelian diseases genes under different inheritance
modes. The results suggest that Mendelian-disease genes with autosomal
dominant (AD) inheritance mode are more haploinsufficiency and de novo
mutation sensitive, whereas those autosomal recessive (AR) genes have sig-
nificantly more non-synonymous variants and regulatory transcript isoforms. In
addition, the X-linked (XL) Mendelian-disease genes have fewer non-synony-
mous and synonymous variants. As a result, we derived a new scoring system
for prioritizing candidate genes for Mendelian diseases according to the inher-
itance mode. Our scoring system assigned to each annotated protein-coding
gene (N=18,859) three pathogenic scores according to the inheritance mode
(AD, AR, and XL). This inheritance mode specific framework achieved higher
accuracy (AUC=0.84) in XL mode.Conclusion: The inheritance mode specific
pathogenicity prioritization (ISPP) outperformed other well-known methods
including Haploinsufficiency (HI), Recessive (REC), Network centrality (NET),
Genic Intolerance (RVIS), Gene Damage Index (GDI) and Gene Constraint
(CONS) scores. This systematic study suggests that genes manifesting dis-
ease inheritance modes tend to have unique characteristics.Availability: ISPP
is included in KGGSeq v1.0 (http://grass.cgs.hku.hk/limx/kggseq/), and source
code is available from (https://github.com/jacobhsu35/ISPP.git).
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GWAS of circulating soluble receptor for advanced glycation end prod-
ucts: Evidence from the Long Life Family Study (LLFS), the Atheroscle-
rosis Risk in Communities Study (ARIC), and the Rotterdam Study (RS).
P. An', N.M. Maruthur, S. Ligthart, M. Liz, A.T. Kraja', M.K. Wojczynski', B.
Thyagarajan‘, J.H. Lees, B.C. Astors, I. Miljkovic’, A. Dehghans, K. Christensen?,
T.T. Perls®, A.B. Newman’, M.A. Province'. 1) Washington University, St Louis,
MO; 2) Johns Hopkins University, Baltimore, MD; 3) Erasmus University,
Rotterdam, The Netherlands; 4) University of Minnesota, Minneapolis, MN; 5)
Columbia University, New York City, NY; 6) University of Wisconsin, Madison,
WI; 7) University of Pittsburgh, Pittsburgh, PA; 8) University of Southern Den-
mark, Odense, Denmark; 9) Boston University, Boston, MA.

The importance of glycation has been highlighted in aging processes and
glycosylation related diseases. Advanced glycation end-products (AGEs) and
their specific receptor play a central role in vascular outcomes. sRAGE, a
soluble form of the AGEs receptor, has been recognized with a counter-reg-
ulatory mechanism, identifying it as a biomarker of endothelial function or
early stage atherosclerosis. To identify loci associated with circulating sSRAGE,
we assessed SNPs imputed from the 1000 genome project and conducted
GWAS using 6,579 participants of European ancestry in the LLFS (nondia-
betic subjects, discovery), ARIC (replication), and RS (nondiabetic subjects,
replication). In all three studies, levels of SRAGE were natural log-transformed
to approximate normality, and adjusted for age, sex, BMI, and GWAS principal
components. sRAGE levels were additionally adjusted for field centers (LLFS),
current smoking status (LLFS, RS), and educational level, eGFR, prevalent
diabetes and CHD (ARIC), and a kinship model was used to correct for
random effects of relatedness (LLFS). A linear mixed effects model, assuming
additive genetic effects, was used for testing associations. In the discovery
phase, a significant SNP (rs190643062, MAF = 0.011, p = 3e-8, near upstream
CCDC71L and downstream PIK3CG) along with five suggestive loci (p < 1E-6;
ST5, TRIM49B, LOC646813, AGBL1, SLC32A1) were identified in the LLFS.
While rs190643062 was not replicated (p = 0.36, ARIC; data not available
in the RS), the intergenic locus was supported by a significant (p < 2e-4,
simpleM test) and independent SNP near PIK3CG (rs73186275, p = 3e-5)
in the ARIC (but not in the RS, p = 0.01). Further, rs190643062 is in perfect
LD with a ~30 kb upstream SNP rs192033857 at 3'-UTR of CCDC71L that is
conserved in mammals and is located in the promoter/enhancer histone marks
of 7-10 tissues where a DNase and a protein bind; the polymorphism modifies
binding motifs of RXRA and SIX5 transcription factors. Interestingly, neigh-
boring intergenic SNPs at this locus (e.g., rs342293, rs17477177, rs4730171)
are associated with a broad spectrum of cardiovascular traits including platelet
counts, lipids, BP, glucose, IR, atherosclerosis, carotid intima media thickness,
presence of atherosclerotic plaque and pulmonary function. In conclusion,
we identified a novel locus near CCDC71L and PIK3CG genes that regulates
levels of circulating sSRAGE. Further independent replications and function
queries are warranted.

480F

Genome-wide association study of Staphylococcus aureus infection and
clonal complexes in related samples from Starr County, Texas. H. Chen’,
H. Hu?, L.E. Petty', D.A. Robinsons, H.T. Essigmann‘, R.S. Fischer', C.L.
Hanis', C. Huff,, E.L. Brown*, J.E. Below'. 1) Human Genetics Center, Division
of Epidemiology, Human Genetics, and Environmental Sciences, University
of Texas Health Science Center at Houston, Houston, TX, United States of
America; 2) Department of Epidemiology, The University of Texas MD Ander-
son Cancer Center, Houston, TX, United States of America; 3) Department of
Microbiology, University of Mississippi Medical Center, Jackson, MS, United
States of America; 4) Center for Infectious Disease, Division of Epidemiology,
Human Genetics, and Environmental Sciences, University of Texas Health
Science Center at Houston, Houston, TX, United States of America.

Staphylococcus aureus infections represent a severe public health problem
in hospitals and communities. The underlying biology of susceptibility to S.
aureus has been difficult to unravel due to complex interactions between the
microorganism, the environment, and the host. Host genetic susceptibilities
have been reported to be associated with malaria, HIV and cholera infections
and identification of S. aureus susceptibility genes would be helpful in the
development of novel intervention strategies. The purpose of this study was
to identify genes and variants that are correlated with nasal carriage of S.
aureus, and to investigate associations between genetic susceptibility and
different S. aureus clonal complexes. 769 subjects from the Mexican-American
community of Starr County, Texas were recruited, including 416 individuals
from 176 households. Chip genotyping was conducted on lllumina Expanded
Multi-Ethnic Genotyping Array and imputation to 1000 Genomes Project Phase
3 reference data was performed using standard procedures to obtain final
genotype data. In addition, the carriage status of S. aureus, including clonal
complex, was determined based on two nasal swabs collected 11-17 days
apart. The sample size of the three different carriage states i.e., persistent,
intermittent, and non-carrier was 127, 135, and 507, respectively, and the five
major clonal complexes identified were CC5, CC8, CC30, CC45, and CC188.
Using Efficient Mixed-Model Association eXpedited (EMMAX) we applied
linear mixed models with kinship adjustment to identify variants associated
with infection of and clonal complex of S. aureus. Furthermore, meta-analy-
sis of current study results and a previous publication was conducted using
METAL. In the meta-analysis, two suggestive associations were identified in
the comparison between intermittent infection and non-carriers (rs115503846
on chromosome 1, p= 6.9x10°7; rs3861635 on chromosome 14, p= 5.8x10-7).
Although we could not replicate the previously reported significant variants,
either through direct replication or meta-analysis, several variants and regions
were found significantly associated with carriage and specific clonal com-
plexes of S. aureus. The significant association between these variants and
infection of S. aureus confirmed the interaction of genetic susceptibility and S.
aureus carriage states.

Copyright © 2016 The American Society of Human Genetics. All rights reserved



78 Statistical Genetics and Genetic Epidemiology

481W

Winner's curse in quantitative genomics studies. G. Darnell’, J. Tung?, C.
Browns, S. Muhkerjee?, B. Engelhardt'. 1) Princeton University, Princeton, NJ;
2) Duke University, Durham, NC; 3) University of Pennsylvania, Philadelphia,
PA.

Winner’s Curse is a phenomenon characterized for common value auctions
in economics to describe the winner of the auction tending to overpay for the
item, and has been used to explain the overestimation of effect sizes and lack
of reproducibility of associations that have plagued genomics studies [Z6lIner
et al.,, 2007]. The bias in effect size estimation traces back to agricultural
QTL mapping studies as the Beavis effect, but has been widely overlooked
in the human genetics community [Goéring et. al., 2001]. Standard associ-
ation mapping techniques in modern eQTL studies are mostly concerned
with the trade-off between computational tractability and statistical power.
However, little focus has been placed on accurate and reproducible effect size
estimates, even when false positives are properly controlled and statistical
power is high. A corollary to inflated effect sizes is that the causal association
is rarely identified, but, instead, a non-functional genetic variant often has
the most significant test statistic value. Even conditioning on detection of an
association between the truly causal variant and gene expression level of
interest, estimation of the strength of association is almost always inflated. We
demonstrate with a suite of previously proposed and novel methods that trade
off computational and statistical properties, that each method suffers from one
or more of four consequences: (1) increasing false positives and decreasing
true positives, (2) enrichment of discoveries at low minor allele frequency,

(3) false discoveries that are not in high LD with causal variants, and (4)
underestimation of locus heterogeneity. In addition, we show lack of reproduc-
ibility and lack of correspondence of effect sizes in real data between gene
expression microarrays of the same individuals under baseline conditions and
drug responses. We propose new directions for robust and accurate effect size
estimates in attempt to increase reproducibility in eQTL studies and mitigate
Winner’s Curse.

482T
Shared genetic predictors of resting heart rate and all-cause mortality.
R.N. Eppinga’, Y. Hagemeijer', S. Burgess?, D.J. van Veldhuisen', P.B. Mun-
roe*, N. Verweij', P. van der Harst's¢. 1) University of Groningen, University
Medical Center Groningen, Department of Cardiology, 9700 RB Groningen,
the Netherlands; 2) Department of Public Health and Primary Care, University
of Cambridge, Cambridge CB1 8RN, United Kingdom; 3) Department of Clini-
cal Pharmacology, William Harvey Research Institute, Barts and The London,
Queen Mary University of London, London, EC1M 6BQ, United Kingdom; 4)
NIHR Barts Cardiovascular Biomedical Research Unit, Queen Mary University
of London, London EC1M 6BQ, United Kingdom; 5) University of Groningen,
University Medical Center Groningen, Department of Genetics, 9700 RB Gron-
ingen, the Netherlands; 6) Durrer Center for Cardiogenetic Research, ICIN -
Netherlands Heart Institute, 3511GC Utrecht, the Netherlands.
BackgroundResting heart rate is a heritable trait correlated with lifespan.
Little is known about the genetic contribution of resting heart rate and its
relationship with mortality.MethodsWe performed a genomewide associa-
tion analysis of 19.9 million genetic variants in 134,251 individuals from UK
Biobank to further our understanding of the genetic basis of resting heart rate.
We then used the identified genetic variants as an instrument to study the as-
sociation between resting heart rate, cardiovascular risk factors and all-cause
mortality.ResultsGenomewide association analysis identified 76 loci associ-
ated with resting heart rate (P<5x10+), 58 of these were novel. An increase in
genetically predicted resting heart rate of 5 beats per minute was associated
with a 20% increased mortality risk (hazard ratio 1.20, 95% CI of 1.11-1.28,
P=8.20%10") translating to a 2.9 years reduction in life expectancy for males
and 2.6 years for females. Genetically predicted resting heart rate was found
to be associated with higher body-mass index and diastolic blood pressure,
hypertension, diabetes, smoking, myocardial infarction, heart failure, supra-
ventricular tachycardia, beta-blockers, calcium channel-blockers and device
implantation (all P<0.05). However, we did not identify such factors as media-
tors on the causal pathway between resting heart rate and all-cause mortality.
Candidate gene and pathway analyses provide strong support for a dominant
role of cardiac development and structure.ConclusionWe discovered 58 novel
loci for resting heart rate and provide evidence for shared genetic predictors
of resting heart rate and all-cause mortality. Large-scale replication efforts are
currently underway.
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The susceptibility of genome-wide association studies to recent fine-
scale population structure. J.M. Granka, E. Han, P. Carbonetto, K. Rand,
J.K. Byrnes, R.E. Curtis, A. Kermany, Y. Wang, K. Noto, E. Elyashiv, H. Gutu-
ru, N.M. Myres, E. Hong, C.A. Ball, K.G. Chahine. Ancestry.com DNA, LLC,
San Francisco, CA.

Large, heterogeneous genetic datasets have identified associations of
thousands of single nucleotide polymorphisms (SNPs), sometimes sub-
tly, with hundreds of human diseases and traits. Numerous methods have
been developed to account for confounding effects of population structure
unavoidable in such datasets; these include linear mixed models (LMMs) and
the inclusion of population-level principal components (PCs) in fixed models.
However, the susceptibility of GWAS to subtle, fine-scale population structure
unidentifiable from PCs or Fsr has not been fully studied. Here, we address
whether ultra-fine scale population structure, such as from post-colonial U.S.
history or recent British history (Leslie Nature 2015), could produce an inflation
of false positive GWAS associations, even for common variants. To do so, we
use simulated phenotype data and genome-wide SNP data from over 1 million
AncestryDNA customers who have consented to research. Among these indi-
viduals, we identify very recent fine-scale population structure using commu-
nity detection algorithms across a network of identity-by-descent (Han ASHG
2015). Identified sub-populations, such as individuals of the U.S. Appalachian
region, correspond to history within the last several hundred years and are
driven by both spatial and cultural factors such as religion. We simulate phe-
notypes under various null and alternative models, as well as under models
where latent environmental variables (such as cultural habits) associated with
sub-populations affect the phenotype to varying degrees. Under both balanced
and imbalanced sampling across sub-populations, we examine results of
GWAS obtained from various methods: from linear fixed models using PCs
as covariates to LMMs controlling for cryptic relatedness. The susceptibility
of current GWAS approaches to fine-scale structure is dependent upon the
degree of genetic differentiation among identified sub-populations, as well as
the degree of sampling bias. In cases where latent environmental variables
affecting the phenotype are related to fine-scale population structure, account-
ing for such structure using LMMs markedly improves GWAS accuracy. This
highlights that even when underlying confounders are unknown, accounting
for fine-scale structure can lessen effects of hidden environmental covariates
without compromising power. Furthermore, our results suggest that account-
ing for fine-scale structure is even more critical when studying rare variant
associations.

484W
On testing of gene-gene interaction based on case-control data using
genotype similarity between individuals. P. Mondal, I. Mukhopadhyay.
Human Genetics Unit, Indian Statistical Institute, Kolkata, West Bengal, India.
Background: Some possible explanations for the limited success of
genome wide association study (GWAS) are that the current biostatistical anal-
ysis paradigm ignores all prior knowledge about disease pathobiology and/
or the linear modeling framework of GWAS considers only one marker at a
time thus failing to exploit their full genomic context and giving rise to multiple
comparison problems. Also gene—gene (G-G) or marker based interactions
might be another cause for this. This led to the development of multilocus as-
sociation that combines information from multiple markers at a time. In spite of
some already available multilocus association methods for testing association,
no study is done to see its effectiveness in detecting G-G interaction. Aims
and objectives: We adopt a more holistic approach that explores G-G interac-
tion, combining information from multiple markers of two genes. This new ap-
proach is promising in identifying the variants along with relatively potent caus-
al markers in gene interaction models. It has the flexibility to use knowledge
from other sources (biological pathways, databases etc) and helps to prioritize
genetic variations to be analyzed for G-G interactions to interpret genetic as-
sociation studies in a biologically meaningful manner. Material and Methods:
Our method is based on case-control data and the information contained at
each marker is captured through a kernel function based on genotypes of two
individuals. We use this genotype similarity score or kernel score to develop a
novel statistical method avoiding the huge burden of multiple comparisons to a
great extent. The newly proposed statistic for testing any such G-G interaction
is easy to compute but the calculation of p-value poses another challenge.
However, we are able to derive the asymptotic distribution of the statistic under
the null hypothesis of no interaction. Results: The asymptotic distribution of
the test statistic helps in the fast calculation of p-value even in presence of
thousands of markers spread over different genes. Extensive simulations stud-
ies show that our method is very powerful in detecting any such interaction
under various genetic models and is very robust. Conclusions: This method
will have immense importance to the geneticists because of its robustness,
powerful detection of interaction that may occur with or without main effects,
ability to fast calculation of p-value with less multiple comparison burdens.
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A robust powerful statistical method to integrate genotype and gene
expression data identifies novel associated loci. |. Mukhopadhyay, S. Das,
R. Chatterjee. Human Genetics Unit, Indian Statistical Institute, Kolkata, West
Bengal, India.

Genome wide association studies (GWAS) identify many SNPs that are
associated with disease traits. However, there is always a possibility that
underpowered single marker test misses out SNPs with moderate effect
sizes and fails to capture information embedded in the rare variants that are
believed to explain the missing heritability of polygenic traits. On the other
hand, gene expression contains information about the deregulation of genes
when compared between cases and controls. Due to multiple testing or other
issues some signals may remain unidentified especially when the sample size
is not so large. Moreover, RNA being unstable compared to DNA, high cost is
involved in RNA analysis which tend researchers to have a large population of
genotyped individuals with only few of them having expression. Thus, to un-
ravel the genetic architecture of common or complex disease, it is intuitive to
integrate information from various data sources to decode biologically sound
interpretation on heritable traits. No standard statistical procedure is available
to deal with the complexities of these datasets, which motivated us to propose
a novel method that tests for multi-loci association in the existing scenar-
io. Based on a simple consistent two-stage regression method using Least
Squares procedure, we develop a statistical method that essentially integrates
genotype data and gene expression data to study genetic association at a
genome-wide level using case-control data. For a large number of individuals
gene expression data are not available whereas genotype data are available
for all individuals. We integrate the information contained in both data sources
into a latent variable based model. Our simple yet powerful multi-loci associ-
ation test integrates two databases that broadcasts more of the deep-seated
features comprehensively in a single test, which would otherwise be lost
when databases are considered in singularity. We have developed asymp-
totic distribution of our test statistic for fast calculation of p-value for real data
set. Extensive simulation confirms that our method is robust to many genetic
models and disease models with different types of penetrance. This method is
very powerful in detecting some novel markers that might be associated with
the disease phenotype and that may go missing by genotype-based test only.
We also get promising result when applied this method at a genome-wide level
even with a small gene expression dataset related to psoriasis.
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Genetic variants associated with C-Reactive protein levels in US minori-
ties from the Population Architecture using Genomics and Epidemiology
(PAGE Il) Study. K.K. Nishimura', C. Hodonsky?, J. Haessler', C.S. Carlson’,
. Cheng?, R. Do*, L.A. Hindorff, R. James®, R.C. Kaplan’, J. Kocarnik’, L.

Le Marchande, S.L. Parké, A.P. Reiner', B. Thyagarjan°, M. Verbanck*, G.L.
Wojcik, C.L. Avery?, C.A. Haiman", R.J.F. Loos?, T.C. Matise®, K.E. North2, U.
Peters’, C.L. Kooperberg' on behalf of the PAGE Study. 1) Division of Public
Health Sciences, Fred Hutchinson Cancer Research Center, Seattle, WA, 2)
Department of Epidemiology, University of North Carolina, Chapel Hill, NC;

3) Cancer Prevention Institute of California, Freemont, CA; 4) The Charles
Bronfman Institute for Personalized Medicine, Icahn School of Medicine

at Mount Sinai, New York, NY; 5) Division of Genomic Medicine, NHGRI,
NIH, Bethesda, MD; 6) Clinical and Health Services Research, NIMHD,

NIH, Bethesda, MD; 7) Department of Epidemiology and Population Health,
Albert Einstein College of Medicine, Bronx, NY; 8) Cancer Research Center,
University of Hawaii, Honolulu, HI; 9) Department of Laboratory Medicine and
Pathology, University of Minnesota, Minneapolis, MN; 10) Stanford University
School of Medicine, Stanford, CA; 11) Department of Preventative Medicine,
Keck School of Medicine, University of Southern California, Los Angeles, CA;
12) Department of Genetics, Rutgers University, Piscataway, NJ.

C-reactive protein (CRP) is a general marker of systemic inflammation.
Consistent positive associations between CRP and coronary heart disease
(CHD) have spurred research into the genetic, environmental, and patho-
physiological factors influencing normal and disease-related CRP levels. Most
genome-wide association studies (GWAS) have been conducted in Euro-
pean populations. However, variation in CRP values exists between racial/
ethnic groups, and GWAS using admixed populations can increase statistical
power to identify novel associations and fine-map known loci. In this study,
we present preliminary results from a GWAS of 24,830 African Americans,
Hispanics, Asians and Native Americans from the Population Architecture
using Genomics and Epidemiology (PAGE Il) consortium. Participants were
genotyped on the Multiethnic Genotyping Array (MEGA), which was designed
to improve variant discovery and fine-mapping for metabolic, anthropometric
and lifestyle traits in US minorities. All racial/ethnic groups were pooled and
analyzed in the R package GENESIS with linear mixed models. CRP values
were natural log transformed, and all regressions were adjusted for age at
time of CRP measurement, sex, body mass index, current smoking status,
study, and the top 8 principal components of genetic ancestry derived from the
pooled study. Analyses stratified by race/ethnicity were also performed, with
results meta-analyzed using fixed-effect models in METAL. Overall, our study
found 11 genome-wide significant loci (p<5x10-), confirming 9 loci previously
associated with CRP, and identifying 2 novel loci: TREM2 (6p21.1, rs2234256)
and CD300LF (17925.1, rs1037170). Pooled and race-specific meta-analyses
had similar effect sizes and p-values. The 6p21.1 and 17g25.1 associations
were strongest in African Americans and Hispanics, respectively, where the
minor allele frequencies were highest. Both genes encode proteins involved
in regulating the immune response. Imputation of all MEGA genotypes on
additional participants to the 1000 Genomes Project and Haplotype Reference
Consortium is currently underway for replication efforts. Future plans include
burden association tests to identify rare-variant associations, conditional
analyses to uncover independent signals within known and new loci, and
gene-environment interactions with a CRP genetic risk score. We attribute our
success to the inclusion of diverse populations and expect that our study will
yield additional novel findings.
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Gene- and pathway-based association tests for multiple traits with GWAS
summary statistics. W. Pan, |. Kwak. Division of Biostatistics, University of
Minnesota, Minneapolis, MN.

To identify novel genetic variants associated with complex traits and to shed
new insights on underlying biology, in addition to the most popular single
SNP-single trait association analysis, it would be useful to exploit multiple
correlated (intermediate) traits at the gene- or pathway-level by mining existing
single GWAS or meta-analyzed GWAS data. For this purpose, we present an
adaptive gene-based test and a pathway-based test for association analysis of
multiple traits with GWAS summary statistics. The proposed tests are adaptive
at both the SNP- and trait-levels; that is, they account for possibly varying
association patterns (e.g. signal sparsity levels) across the SNPs and fraits,
thus maintaining high power across a wide range of situations. Furthermore,
the proposed methods are general: they can be applied to mixed types of
traits, and to Z-statistics or p-values as summary statistics obtained from either
a single GWAS or a meta-analysis of multiple GWAS. Our numerical studies
with simulated and real data demonstrated the promising performance of the
proposed methods. In particular, we applied the proposed gene-based test to
the summary statistics for sex stratified anthropometrics data from The Genet-
ic Investigation of ANthropometric Traits (GIANT) consortium, identifying more
genes with significant sex-specific associations than other existing methods.
The proposed methods are implemented in R package aSPU, freely and pub-
licly available at https://cran.rproject.org/web/packages/aSPU/.

488T
Designing of an efficient genotyping chip for discovery and pan-disease
screening in the Veterans Administrations Million Veteran Program
(MVP). S. Pyarajan'2, T. Websters, Y. Shi', M. Li*s, A. Huda*, A. Clark?, J.
Mosers, S. Muralidhare, T. O'Leary?, J. Concato®’, J. Gaziano'? for The MVP
Genomic Working Group. 1) VA Boston Healthcare System, Boston, MA; 2)
Harvard Medical School, Boston, MA; 3) Affymetrix Inc., Santa Clara, CA; 4)
Booz Allen Hamilton, McLean, VA; 5) University of Utah, Salt Lake City, UT;
6) VA Connecticut Healthcare System, West Haven, CT; 7) Yale University
School of Medicine, New Haven, CT; 8) VA Office of Research and Develop-
ment, Washington D.C.

The Million Veteran Program (MVP) is a national program initiated by
the Veterans Affairs (VA) to collect consented biosamples for personalized
medicine research from a million Veterans. MVP has already collected over
470,000 samples and is expected to reach over a million in the next 4-5 years.
Proposed initial analysis includes genotyping all the MVP samples. Lower
density genotyping chips have recently emerged as a cost-effective means for
genotyping a very large number of samples. A custom lower density geno-
typing chip was designed on the Affymetrix Axiom platform for genotyping
the MVP samples. The MVP 1.0 genotyping array was designed to allow for
investigation of markers of clinical significance for a wide variety of human
conditions and diseases. We started with the Affymetrix Biobank Chip as the
backbone and designed a set of custom markers for inclusion on the chip.
The MVP 1.0 array includes 723,305 probes investigating about 668,543
markers. Clinically significant SNPs from over 3400 genes including all of the
57 genes recommended for reporting of incidental findings by the ACMG have
been included. Over 800 clinical conditions, with an emphasis on conditions
of high prevalence in US Veterans, are covered by the markers on the chip.
For some of the clinically relevant markers we have included SNPs with allele
frequencies as low as 0.005% for some of the ethnicities. We also enriched
for HLA and KIR markers for multiple ethnicities. Our design philosophy also
incorporated a low-density genotyping approach with ability to imputing to
high density for wide coverage across the genome for multiple ethnicities.
Markers for genome wide coverage for not only Caucasians but specifically for
African-Americans and other ethnicities were selected by an imputation aware
algorithm for incorporation. The imputation coverage (Mean r2) for marker with
MAF range of 0.05-0.5 in the CEU population is expected to be 0.909 while
in YRI and ASW population it is expected to be 0.814 and 0.799 respectively.
Overall, the MVP 1.0 Array is an efficient low cost genotyping array that can be
used not only as a pan-disease screening chip to design future more compre-
hensive and potentially expensive “omic” assays for MVP samples but also for
discovery with efficient imputation. .
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Mapping variants to amino-acid changes in three-dimensional protein
space improves aggregate association test power and suggests mech-
anisms of action. M. von Grotthuss', J. Florez'23, J. Flannick'2. 1) The Broad
Institute, Cambridge, MA; 2) Massachusetts General Hospital, Cambridge,
MA; 3) Harvard Medical School, Cambridge, MA.

To explore rarer variants than those identified by GWAS studies of complex
traits such as Type 2 Diabetes (T2D), aggregate tests have been proposed to
increase power. As aggregate analysis is negatively impacted by the inclusion
of non-functional variants, the majority of aggregate associations identified to
date have tested variants that truncate the protein (PTVs), or are functional
in cellular assays. However, PTVs exclude the majority of variants in a gene,
cellular assays are seldom available, and bioinformatics algorithms have
been shown to be poor predictors of cellular function. We hypothesized that
three-dimensional (3-D) protein structure maps might enable more accurate
groupings of variants for aggregate association tests. We developed a novel
method to (a) map all missense mutations to 3-D structures of proteins; (b)
identify patterns of amino-acid changes in 3-D space; and (c) cluster variants
according to these patterns for use in aggregate association analysis. We ap-
plied our methodology to analyze missense variants in TBC1D1 and TBC1D4
as identified from sequence data of 16,857 multi-ethnic T2D cases/controls;
we chose these genes because TBC1D4 was recently identified to carry a
Greenlandic variant of large effect on T2D risk and has an established role in
insulin signaling, while TBC1D1 has a potentially (but unverified in humans)
analogous role to TBC1D4 based on animal models. PTVs in TBC1D1
(OR=2.14, p=0.02), as well as combined PTVs and bioinformatically deleteri-
ous variants in TBC1D4 (OR=1.2, p=0.03), demonstrated nominally significant
aggregate association with increased T2D risk in the heterozygous state. How-
ever, bioinformatically deleterious missense variants in TBC1D1 showed no
association (OR=1.02, p=0.88). In contrast, our mapping algorithm identified a
cluster of mutations localized on the surface of the TBC1D1 Rab-GAP binding
site, which in aggregate demonstrated a nominal association with T2D risk
(OR=2.7, p=0.038). Rab-GAP plays a known role in localization of the glucose
transporter GLUT4 to the plasma membrane in insulin responsive tissues, with
TBC1D1 and TBC1D4 binding necessary for activation of Rab. Collectively,
our results thus suggest (a) that disruption of TBC1D1 in humans increases
risk for T2D; (b) that impaired Rab-GAP binding is responsible for this increase
in risk; and (c) that analyzing variants in 3-D protein space can inform aggre-
gate tests of missense variants when cellular assay data is unavailable.

490W

Principal component based adaptive-weight burden test for quantitative
trait associations. X. Wu. Dept of Statistics, Virginia Tech Univ, Blacksburg,
VA.

High-throughput sequencing has often been used to screen samples from
pedigrees or with population structure, yielding genotype data with complex
correlations attributed to both familial relation and linkage disequilibrium.
Accounting for such genotypic correlations can improve power for genetic as-
sociation testing. However, due to model restrictions, existing methods cannot
make efficient use of the correlation information appropriately, especially when
assessing the contribution of multiple genomic loci. Recognizing this limitation,
we develop PC-ABT, a novel principal-component-based adaptive-weight
burden test for gene-based association. This method uses a retrospective
score test to incorporate genotypic correlations, and employs "data-driven”
weights to obtain maximized test statistic. In addition, by adjusting the number
of principal components that make major contributions to genetic association,
PC-ABT is able to control the degree of freedom of the null distribution to im-
prove power. Simulation studies show that PC-ABT is generally more powerful
than previously proposed burden tests that allow related individuals, while
controlling for the type | error rate. We illustrate the application of PC-ABT by
an analysis of the systolic blood pressure data from the Framingham Heart
study to detect associated genes with common and rare variants.
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Meta-GWAS in cystic fibrosis indicates common variation in regulatory
regions of modifier genes contributes to meconium ileus. B. Xjao"*, N.
Panjwani'*%, J. Gong', G. He', K. Keenan?, F. Lin', D. Soave's, M. Drumms,

G. Cutting®’, M. Knowles?, H. Corvol», L. Sun>", J.M. Rommens', L.J.
Strug's13, 1) Program in Genetics and Genome Biology, The Hospital for Sick
Children, Toronto, ON, Canada; 2) Program in Physiology and Experimental
Medicine, The Hospital for Sick Children, Toronto, ON, Canada; 3) Biosta-
tistics Division, Dalla Lana School of Public Health, University of Toronto,
Toronto, ON, Canada; 4) Department of Pediatrics, Case Western Reserve
University, Cleveland, Ohio, USA; 5) Department of Genetics, Case West-
ern Reserve University, Cleveland, Ohio, USA; 6) Department of Pediatrics,
Johns Hopkins University School of Medicine, Baltimore, Maryland, USA; 7)
McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins University
School of Medicine, Baltimore, Maryland, USA; 8) Cystic Fibrosis Pulmonary
Research and Treatment Center, University of North Carolina, Chapel Hill,
North Carolina, USA; 9) Pediatric Pulmonary Department, Hospital Trous-
seau, Assistance Publique-Hopitaux de Paris (AP-HP), Institut National de la
Santé et la Recherche Médicale (INSERM), U938, Paris, France; 10) Pierre
et Marie Curie University—Paris 6, Paris, France; 11) Department of Statistics,
University of Toronto, Toronto, ON, Canada; 12) Department of Molecular Ge-
netics, University of Toronto, Toronto, ON, Canada; 13) The Centre for Applied
Genomics, The Hospital for Sick Children, Toronto, ON, Canada; 14) These
authors contributed equally to this work.

Genome-wide association studies (GWAS) by the International Cystic
Fibrosis (CF) Gene Modifier Consortium (ICFGMC) previously identified
SNPs near SLC26A9 and SLC6A14, in addition to genes of the apical plasma
membrane that reside alongside the causal CF transmembrane conductance
regulator, as contributing to intestinal obstruction at birth (meconium ileus, MI).
Here we report on a meta-GWAS for Ml in an expanded ICFGMC population.
CF patients (N=5,845) from the United States, Canada and France were
genotyped genome-wide, and imputed to a common set of >12 million SNPs.
Random effects meta-analysis determined association evidence at each SNP.
Genome-wide significant findings were assessed in the context of available
data from the Roadmap Epigenomics and ENCODE projects. SNPs annotated
to genes of the apical plasma membrane as defined by AmiGO were tested as
a set (n=157 genes; 4,172 SNPs), and a novel nested subset test was imple-
mented to assess whether association was enriched when restricting to near-
by cis-regulatory elements of the genes (n=157 genes; 212 SNPs). Five loci
had SNPs that reached genome-wide significance, P < 5*10%. These included
the previously reported SLC26A9 and SLC6A14, and three novel loci contain-
ing PRSS1, ABCG5/ABCG8 and ATP12A. ATP12A was recently reported to
contribute to CF lung disease in animal models, and PRSS1 encodes cationic
trypsinogen, a biomarker of CF in newborns. The top ranked SNP, rs9969188,
near the transcription start site (TSS) of PRSS1 is in high linkage disequilib-
rium (LD) with a promoter variant associated with pancreatitis, and reported
luciferase assays argue decreased PRSS1 levels may increase Ml risk.
Rs12710568, a SNP in high LD with the top ranked SLC6A 14 variant, falls just
5’ of the SLC6A 14 TSS. Analysis of chromatin states, DNase hypersensitivity,
phylogenetic conservation and transcription factor binding suggest associated
SNPs also influence SLC26A9 expression levels. In addition, independent
of the 5 significant loci, our nested subset test suggests the association of
apical constituents is enriched when restricted to nearby cis-regulatory regions
(-5kb to +2kb of the TSS of each gene; p<0.0001). The positions of the
genome-wide significant SNPs, and of the subset of associated variants from
the apical plasma membrane constituents suggest their contributions to Ml risk
may be through expression regulation. These results may inform a broader
mechanism for variation in CF disease severity.

492F

Accounting for population stratification in joint analyses of host and
pathogen genomes to control type | and type Il error rates. N. Chaturve-
ditz, O. Naret, J. Fellay'>. 1) School of Life Sciences, Ecole Polytechnique
Fédérale de Lausanne, Switzerland; 2) Swiss Institute of Bioinformatics,
Lausanne, Switzerland.

A joint analysis of host and pathogen genomes (genome-to-genome or G2G
analysis) can identify variants in the host genome that put a selective pressure
on the pathogen genome. G2G can suffer from inflated type | error rate as well
as low power due to systematic differences in host and/or pathogen popula-
tion. In this work, we show through several simulation studies that correcting
for both host and pathogen stratification reduces false positive and false
negative results. We used the Balding-Nichols model for generating the host
SNPs. Using these simulated host SNPs, the pathogen data was generated
from a combination of Balding-Nichols and logistic models. This gave us a
binary matrix representing amino acid variations in the pathogen genome. To
detect associations, we used logistic regression with dichotomized pathogen
data as dependent variables and host SNPs as independent variables. To
prevent spurious associations due to host population stratification, we included
the top five principal components of the genotyping data as covariates. To cor-
rect for pathogen stratification, we included either viral genotypes, or alterna-
tively linear, nonlinear or phylogenetic principal components of viral amino acid
variation as covariates. In a scenario where the only observed associations
were due to host and pathogen stratification, we observed a better control of
type | error rate after adjustment for both host and pathogen genetic structure.
For example, the p-value of association between a simulated host SNP and
pathogen amino acid (both contributing to stratification, but not associated with
each other) was 1.5 x 10; it was still significant after correcting for host or
pathogen stratification (pres= 2.9 X 10-; prancgen = 5.2 X 10), but correcting for
both made the association non-significant (p..« = 0.06). When true associa-
tions between host and pathogen variants were simulated, we saw an overall
improvement in the strength of associations (example: procorecion= 4.1 X 10, Prost
=2.3 X 108, Pratnogen= 3.5 X 107, pron = 6.2 X 10-°) upon adjustment for stratifica-
tion from both sides. Furthermore, even when the stratification was only from
one side (host or pathogen), adding both as covariates in the model did not
over-correct or diluted the true signals. Currently we are applying our method
to jointly analyze HIV host and viral genome for detecting potential host genet-
ic effects on the diversity of HIV virus.
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Statistical methods for rare variant test for multiple phenotypes. D. Dutta,
S. Lee. Department of Biostatistics, University of Michigan, Ann Arbor, MI.

In genetic association analysis, a joint test of related multiple phenotypes
can provide novel insights into the genetic architecture of complex diseases.
Although a number of methods have been developed for multiple pheno-
type tests for common variants, only a few exist for rare variants. Here we
present two broad strategies to combine multiple phenotypes, nonparametric
PCA-based and parametric regression-based approaches, and incorporate
them into gene or region-based rare variant tests. The PCA-based approach
performs a variance component test for associations using the principal
components of the phenotypes, with no assumption on the effect sizes of the
variants, and aggregates association signals across multiple PCs with leverag-
ing on their orthogonality. The regression-model-based approach models the
distribution of the effect sizes of the variants to multiple phenotypes through
a correlation structure in mixed models and conducts a variance component
test for associations. In addition, we combine the results of these different
approaches through various aggregating strategies such as the minimum
p-value and the weighted sum of test statistics. Furthermore, using Copula, we
propose a resampling-based fast computation method to obtain a p-value of
the minimum p-value-based combined test. From extensive simulation studies,
we show that the proposed tests can improve power over a standard approach
of aggregating single-phenotype test p-values, while maintaining type-1
error rate. The relative performance of these tests depends on the number
of associated phenotypes and correlation patterns. The combined tests had
robust power regardless of the genetic model. From the analysis of a real data
example, we also show the superior performance of our methods.

494T

Assessing phenome-wide consequences of gene regulation using 40 hu-
man tissue expression prediction models. H.K. Im’, A. Barbeira', J. Zheng',
E.S. Tortensen?, J.M. Torres', S.P. Dickinson’, K.P. Shah?, H.E. Wheeler:, T.L.
Edwards?, G.I. Bell', D.L. Nicolae?, N.J. Cox2. 1) The University of Chicago,
Chicago, IL; 2) Vanderbilt University, Nashville, TN; 3) Loyola University Chica-
go, Chicago, IL.

GWAS and sequencing studies have yielded thousands of genetic variants
robustly associated with complex traits. However, the underlying biology of
those associations needs to be further elucidated. To address this issue we
have proposed a method called PrediXcan that links these genetic variants
with likely causal genes using the correlations between genetically predicted
expression levels and phenotypes. Our method tests whether the tran-
script-level consequences of genetic variation have an effect on a specific
phenotype and is similar in some respect with Mendelian randomization-based
approaches. Recently, we have developed an extension called MetaXcan,
which can infer PrediXcan results using only summary results from GWAS.
Among the advantages of our approach are that it a) directly tests a biological
mechanism, b) provides gene level results, c) provides directions of effect
(which can be used to prioritize drug targets since positively correlated genes
have the potential to reduce disease risk when knocked down), d) the multiple
testing burden is reduced, and e) provides tissue specific results. To imple-
ment our approach we have developed prediction models for gene expression
in 40 tissues using the GTEx Consortium and Depression Genes Network data
and applied it to 117 phenotypes with publicly available GWAS meta analysis
results. These include results from large consortia such as DIAGRAM, MAGIC,
PGC, among others. We validate our approach by re-identifying many estab-
lished genes but in many cases, we find evidence that genes in the vicinity
of reported ones are more likely mediators of the phenotype. These results,
software, and all prediction models necessary to reproduce them or apply to
new datasets are made publicly available on https://github.com/hakyimlab/
PrediXcan.
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Efficient phenome-wide analyses of large-scale sequencing data. X.
Zhan', B. Lz, G. Abecasis®, D. Liu‘. 1) University of Texas Southwestern Med-
ical Center, Dallas, TX; 2) Vanderbilt University; 3) University of Michigan; 4)
Pennsylvania State University.

The advancement of technology has enabled medical researchers to collect
an unprecedented amount of big data that are represented in three dimen-
sions: the growing number of phenotypes (e.g., thousands of phenotypes
via Electronic Medical Records or biobanks), the increasing sample sizes in
large studies (e.g., the UK10K and UK Biobank projects), and the millions of
genetic markers (e.g., imputation outcomes). Traditional analytical approach-
es can take months or years, which is computationally inhibitive. Thus there
is an emerging need to efficiently analyze these big datasets in order to
gain scientific insights. In order to solve this problem, we developed a new
computationally efficient model and improved computational speed suited
for phenome-wide analysis. The software implementation (RVTESTS) can
be readily applied. It is benchmarked on the UK10K dataset, which includes
1854 samples, along with their 46 phenotypes and 43 million variants, and
can be analyzed within one day. Further evaluated in a larger simulated
dataset (100,000 individuals and 50 phenotypes), RVTESTS can analyze half
a million variants per day. Our software can also be easily improved using
parallel computations. We conclude that the computational speed and memory
consumption of this tool outperform other popular approaches. In all, we have
proposed a useful and efficient approach to tackle the needs of performing
phenome-wide analysis of large-scale data sets.

496W

Efficient calculation of genetic correlations across 700,000 pairs of
diverse phenotypes. A. Kleinman, N. Furlotte, A. Auton, D. Hinds. 23andMe,
Inc., 899 W. Evelyn Ave., Mountain View, CA 94041.

The genetic correlation between a pair of traits is the proportion of phe-
notypic variance attributable to shared genetics. Specifically, assuming an
infinitesimal model, two traits are said to be genetically correlated if effect
sizes of SNPs associated with the traits are themselves correlated. This is not
necessarily the same as phenotypic correlation, as two traits can be highly
correlated in phenotypic space but not in genetic space if their correlation
is solely induced by shared environmental factors. We used LD Score
Correlation, a recently developed method that calculates genetic correlation
from genome-wide association study (GWAS) summary statistics, to compute
genetic correlations across more than half a million pairs of self-reported
phenotypes. We replicated dozens of published correlations and found tens of
thousands more across a diverse array of traits, including autoimmune, car-
diovascular, infection, lifestyle, morphological, neurological, sleep, personality
and reproductive phenotypes. Given the direct availability of phenotypic data,
we showcased situations in which high phenotypic correlation is observed in
the absence of high genetic correlation, and vice versa. Collectively, these
correlations paint both a broad and detailed portrait of shared genetics across
the spectrum of human traits and diseases.
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Multiple HCV amino acid variants associate with interferon lambda poly-
morphism in genotype 1a, 1b and 3a infections. J. Fellay’, N. Chaturvedi',
K. Chodavarapu?, M. Lin?, A. Osinusi?, E. Svarovskaia?, H. Mo?, D. Brainard,
M. Subramanian?, J. McHutchison?, S. Zeuzem?. 1) School of Life Science,
EPFL, Lausanne, VD, Switzerland; 2) Gilead Sciences, Foster City, USA; 3)
Department of Medicine I, J.W. Goethe University Hospital, Frankfurt, Germa-
ny.

A specific human genetic polymorphism in the interferon lambda (IFN-A)
region, tagged by SNP rs12979860, is associated with spontaneous clearance
of HCV infection and with response to interferon-based antiviral treatment.

A recent report also showed a higher prevalence of pretreatment NS5A
variant Y93H in genotype (GT) 1b patients homozygous for the C allele at
rs12979860. Here, we evaluate the associations between HCV amino acid
variants and IFN-A polymorphism in >7000 patients from various geographical
regions and ethnicities, infected with HCV genotype 1a, 1b or 3a. We used
logistic regression to search for associations between rs12979860 and amino
acid variation in NS3, NS4A, NS5A and NS5B in a total of 7131 chronically
infected HCV patients (GT1a, n=3623; GT1b, n=2010; GT3a, n=1498). HCV
consensus sequences were obtained by next generation of sequencing on
lllumina MiSeq, and binary variables were created for each non-conserved
amino acid present in at least 0.3% of samples. We ran the analyses on all
samples and in subgroups defined by HCV genotypes. To prevent spurious
associations due to host and viral stratification, we included the following
covariates in all regression models: gender, country of origin, self-reported
ethnicity, cirrhosis status, prior treatment experience, SVR12 information and
viral genotype. Associations with a p-value lower than the Bonferroni adjusted
threshold (p < 3.6 x 10+) were considered significant. A total of 73 HCV amino
acids were significantly associated with rs12979860 (8 in NS3, 3 in NS4A,

44 in NS5A and 18 in NS5B). The strongest associations were observed in
and around the highly variable interferon sensitivity-determining region of
NS5A (top associated variant: 1280V, p = 2.8 x 10%). We also confirmed the
association between the NS5A variant Y93H and IFN-A polymorphism (p = 5.4
x 107%). In the genotype-specific models, we detected 68, 38 and 26 significant
associations for genotype 1a, 1b and 3a, respectively. The difference in the
number of significant associations between subgroups most likely reflects an
effect of sample size on statistical power. We also observed that patients with
the rs12979860 CC genotype have a higher prevalence of multiple amino
acid changes, including Y93H, a naturally occurring NS5A inhibitor resis-
tance-associated mutation. This study provides strong evidence of pervasive
viral adaptation to innate immune pressure from the host during chronic HCV
infection.

498F

Frequency of arylsulfatase A pseudodeficiency in healthy Mexican
individuals, haplotypes construction and enzyme activity determination.
A. Juérez', S. Mendoza?, T. Da Silva'2, A. Porras'2, E. Garcia. 1) Instituto de
Genética Humana "Enrique Corona Rivera" , Universidad de Guadalajara,
Guadalajara, Jalisco, Mexico; 2) Laboratorio de Bioquimica IB, Division de
Genética, Centro de Investigacion Biomédica de Occidente, Guadalajara,
Jalisco, México.

Introduction. One of every 50 healthy individuals has a substantial deficiency
of arylsulfatase A (ASA, EC 3.1.6.8). These individuals express even a tenth
of the normal enzyme activity without developing the disease. The ASA pseu-
dodeficiency (PD-ASA) is mainly associated to the presence of two alleles: the
first; c.1055A> G (p.N352S; rs2071421), causes the loss of one of the three
N-glycosylation sites in ASA, while the second; c. * 96A> G (rs6151429), leads
to the loss of polyadenylation signal in exon 8, both in ARSA gene. This work
was performed in order to determine the frequency of PD-ASA in Mexico. Ma-
terial and methods. Samples of 200 healthy mexican individuals were included
in the study. The determination of enzyme activity of ASA in leukocytes was
accomplished by a modification of the Percy assay and 4-nitrocatechol sulfate
substrate (Sigma® LifeScience). The polymorphisms analysis was performed
by RFLPs, with Ddel and Bsr (Time-SaverTM New England BioLabs® Inc.).
The genotypes were confirmed by Sanger sequencing with Big Dye Primer
Kit (Applied Biosystems) and ABI Prism 310 (Applied BioSystems). Finally,
through Arlequin v.10.04 haplotypes were constructed and the analysis of
linkage disequilibrium was performed with X Cube. Results and discusion.
The results of enzyme activity of the total population showed a 95% ClI of
1.74-2.09 nmol / mg protein / min. Allele, genotype and haplotype frequencies
of c.1055A> G and c.*96 A> G polymorphisms were obtained, the mutated
allele (G) was observed in 21% (86 of 400 alleles) for the first polymorphism
and 4% (16 of 400 alleles) for the second one. 15 individuals were positive
for GG haplotype (frequency 0.04, 4%) with ASA activity of 0.53-0.95 nmol /
mg protein / min and no AG haplotype was found. The linkage disequilibrium
statistics were: D '= 1, r2 = 0.1477. Conclusion. For the first time in Mexico,
the presence of the alleles of PD-ASA is demostrated, the frequencies were
in Hardy-Weinberg equilibrium. Alleles are found in linkage disequilibrium.
The GG haplotype was found in 15 individuals, so the frequency of PD-ASA
in Mexico is 7.5%, corresponding to the observed in other populations. No
AG haplotype was observed. One individual has an ASA activity of 13%, that
individual was homozygous for the G allele of both polymorphisms.
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Modeling the covariance of effect sizes in a meta-analysis. D. Duong’, S.
Snir, E. Kang', B. Han?, E. Eskin'. 1) Computer Science, UCLA, Los Angeles,
CA. USA; 2) Evolutionary & Environmental Biology, University of Haifa, Israel;
3) Department of Convergence Medicine, University of Ulsan College of Med-
icine & Asan Institute for Life Sciences, Asan Medical Center. Seoul. Republic
of Korea.

Meta-analysis can be traced back to the 17th century studies of astronomy,
and over the years, meta-analysis has become one of the most widely used
method in many fields of research including medical, social, and biological
sciences. Meta-analysis is a method that pools results from different studies
on the same topic in order to infer a general conclusion and to measure the
consistency among study findings. Two most popular meta-analysis paradigms
are the fixed and random effects models. The fixed effect model assumes that
all studies share a true underlying mean effects, whereas the random effect
model allows for heterogeneity among the true effect sizes of the studies. The
shortcoming of the classical random effects model is that it models heteroge-
neity assuming independent and identically distributed (i.i.d.) effect sizes. A
more realistic scenario happens when some studies have samples that share
certain characteristics so that the effect sizes of the studies tend to be more
similar than usual. For example, consider several studies in a meta-analysis
that target a disease with some treatment where half of the studies contain
only male individuals and the other half contain only female individuals. Study
findings using only male (or female) participants would be more similar among
themselves; more precisely, the effects of the treatment among these studies
are more correlated than effects between a male-only and a female-only study.
In this paper, we introduce a meta-analysis method that models the covariance
of the effect sizes among the studies in a meta-analysis. Our method extends
a likelihood ratio procedure in a meta-analysis so that the covariance among
the effect sizes can be easily accounted for. We use our new method to ana-
lyze 17 mouse High-density lipoprotein (HDL) studies containing 4,965 distinct
animals. Our method attains better statistical power than previous methods
and identifies more significant loci.

500T

Phenotype similarity regression for identifying the genetic determinants
of rare diseases. E. Turro', D. Greene', S. Richardson?, NIHR BioResource.
1) University of Cambridge, Cambridge, United Kingdom; 2) MRC Biostatistics
Unit, Cambridge, United Kingdom.

Rare genetic disorders, which can now be studied systematically with
affordable genome sequencing, are often caused by high-penetrance rare
variants. Such disorders are often heterogeneous and characterized by ab-
normalities spanning multiple organ systems ascertained with variable clinical
precision. Existing methods for identifying genes with variants responsible for
rare diseases summarize phenotypes with unstructured binary or quantitative
variables. The Human Phenotype Ontology (HPO) allows composite pheno-
types to be repre- sented systematically but association methods accounting
for the ontological relationship between HPO terms do not exist. We present
a Bayesian method to model the association between an HPO-coded patient
phenotype and genotype. Our method estimates the proba- bility of an associ-
ation together with an HPO-coded phenotype characteristic of the disease. We
thus formalize a clinical approach to phenotyping that is lacking in standard re-
gression techniques for rare disease research. We demonstrate the power of
our method by uncovering a number of true associations in a large collection
of genome-sequenced and HPO-coded cases with rare diseases.
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SMART: Statistical Metabolomics Analysis — An R Tool. Y.-J. Liang'?,

Y.-T. Lin?, C.-W. Chenz, C.-W. Lin?, K.-M. Chao's, W.-H. Pan‘, H.-C. Yangzs57s,
1) Graduate Institute of Biomedical Electronics and Bioinformatics, National
Taiwan University, Taipei 10617, Taiwan; 2) Institute of Statistical Science,
Academia Sinica, Taipei 115, Taiwan; 3) Department of Computer Science and
Information Engineering, National Taiwan University, Taipei 10617, Taiwan;

4) Institute of Biomedical Sciences, Academia Sinica, Taipei 115, Taiwan; 5)
Institute of Public Health, National Yang Ming University, Taipei 11221, Taiwan;
6) Department of Statistics, National Cheng Kung University, Tainan 701,
Taiwan,; 7) Institute of Statistics, National Tsing Hua University, Hsinchu 30013,
Taiwan; 8) School of Public Health, National Defense Medical Center, Taipei
114, Taiwan.

Metabolomics data provide unprecedented opportunities to decipher
metabolic mechanisms by analyzing hundreds to thousands of metabolites.
Data quality concerns and complex batch effects in metabolomics must be
appropriately addressed through statistical analysis. This study developed an
integrated analysis tool for metabolomics studies to streamline the complete
analysis flow from initial data preprocessing to downstream association anal-
ysis. We developed Statistical Metabolomics Analysis — An R Tool (SMART),
which can analyze input files with different formats, visually represent various
types of data features, implement peak alignment and annotation, conduct
quality control for samples and peaks, explore batch effects, and perform
association analysis. A pharmacometabolomics study of antihypertensive
medication was conducted and data were analyzed using SMART. Neurome-
din N was identified as a metabolite significantly associated with angioten-
sin-converting-enzyme inhibitors in our metabolome-wide association analysis
(p =1.56 x 10-“in an analysis of covariance (ANCOVA) with an adjustment for
unknown latent groups and p = 1.02 x 10 in an ANCOVA with an adjustment
for hidden substructures). This endogenous neuropeptide is highly related to
neurotensin and neuromedin U, which are involved in blood pressure regula-
tion and smooth muscle contraction. The SMART software, a user guide, and
example data can be downloaded from http://www.stat.sinica.edu.tw/hsinchou/
metabolomics/SMART.htm.

502W

Incorporate technical variation to assess reproducibility of genome-wide
methylation data. W. Guan’, Y. Bai', J.S. Pankow?, E.W. Demerath?, J.
Bresslers, M. Fornage?®, M.L. Groves, M.Y. Tsai. 1) Division of Biostatistics,
School of Public Health, University of Minnesota, Minneapolis, MN; 2) Division
of Epidemiology & Community Health, School of Public Health, University of
Minnesota, Minneapolis, MN; 3) Human Genetics Center, School of Public
Health, University of Texas Health Science Center at Houston, Houston, TX;
4) Department of Laboratory Medicine and Pathology, University of Minnesota,
Minneapolis, MN.

Genome-wide DNA methylation measures are now routinely used to
investigate their association with various outcomes of interest. Inherent to the
array-based DNA methylation measures, e.g., lllumina HumanMethylation450
(HM450) or Infinium MethylationEPIC chips, is the associated technical
variation of non-biological interest. A commonly adopted strategy is to remove
non-biological variation through preprocessing or normalization procedures.
The processed data are then treated as the raw data (with only biological
variation) and used in any downstream analysis. Intuitively downstream
analysis can have improved statistical power and better accuracy of parameter
estimates by accounting for technical variation. We have proposed a mixed
effects model framework to incorporate technical variation, and developed an
expectation—maximization (EM) algorithm to estimate the model parameters.
We applied our proposed methods to the Atherosclerosis Risk in Communities
(ARIC) methylation study. Specifically, we considered the bead-to-bead vari-
ation in the HM450 data. We calculated the intraclass correlation coefficients
(ICC) for each CpG probe to evaluate reliability of the lllumina HM450 chip
after accounting for the bead-to-bead variation, an extension of a previous
study (Bose et al., 2014). We observed that the ICCs were improved by a me-
dian of 0.04, and ~6,000 probes have the updated ICCs close to 1, suggesting
that most of the technical variation could be explained by the bead-to-bead
variation at these sites. We think that accounting for bead-to-bead varation
can improve power of association tests for future epigenome-wide association
studies (EWASSs) using methylation arrays.
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Multi-marker methylation predictors of clinical biomarkers. M.W. Hattab’,
G.v. Grootheest?, R.F. Chan', R. Jansen?, A.A. Shabalin', L.Y. Xie', M. Zhao",
S.L. Clark', B.W. Penninx?, K.A. Aberg’, E. J.C.G. van den Oord'. 1) Center for
Biomarker Research and Precision Medicine, Virginia Commonwealth Univer-
sity, Richmond, VA, USA; 2) Department of Psychiatry, VU university Medical
Center / GGZ ingest, Amsterdam, the Netherlands.

Biomarkers have become a standard approach to predict the risk of disease,
diagnose patients, and monitor response to treatment. Their measurement
typically involves collecting multiple biological samples (blood, saliva, urine
and/or hair) and the use of a wide variety of laboratory assays or clinical tests.
This makes the use of biomarkers typically time consuming, complex, and
expensive. In this study we examine whether commonly used biomarkers have
specific DNA methylation signatures in blood that could be used as alterna-
tive indicators. Methylation marks are potentially ideal as they involve the
stable methyl-cytosine bond that can be measured in easy to collect genomic
(histone-free) DNA. Furthermore, as different biomarkers may be captured
by a single methylation assay, they could potentially provide a convenient
and cost-effective one-stop alternative. To test our hypothesis we generat-
ed methylome-wide data in 1,159 samples using an optimized methyl-CG
binding domain sequencing (MBD-seq) protocol that provide a cost-effective
approach for assaying methylation status of almost all CpGs in the human
genome. Rather than using individual sites, we use a method that combines
all associated individual methylation markers into multi-marker predictors.
Regularization regression methods such as elastic nets will be main tools for
this purpose. Such methodologies enable the user to fit a model where the
number of predictors exceed by far the number of observations. Coupled with
a screening rule that eliminates sites that most likely have little or no effect,
we have successfully applied them to millions of sites. To obtain an unbiased
assessment of the overall predictive power, a nested 70-fold cross validation
is implemented. To provide proof of concept, we first show that MBD-seq leads
to a considerably more precise, likely because it assays many more sites,
prediction of biological aging compared to common used methylation arrays.
Next we study an extensive battery of biomarkers including blood lipids (e.g.,
total cholesterol), inflammation and immune response markers (e.g., absCRP),
hormonal function (e.g., parathyroid hormone, vitamin D25, testosterone,
and insulin-like growth factor-1) as well as measures of oxidative stress (e.g.,
8-OHdQG). In addition to study correlations of multi-marker predictors and the
biomarkers they intend to measure, comparisons are made in term of their
ability to predict short and long term clinical outcomes. .

504F
Association of chromosome 15¢q25 (CHRNAS5/A3/B4) with smoking
behavior generalizes to a Hispanic/Latino cohort. L.S. Emery’, T. Sofer’,
A.M. Stilp', S.M. Gogarten’, M.P. Conomos’, T. Louie’, E. Perez-Stable?, K.D.
Taylors, C.C. Laurie', L. Bierut‘, N.L. Saccone’, R.C. Kaplanc. 1) Biostatistics,
University of Washington, Seattle, WA; 2) National Institute on Minority Health
and Health Disparities, National Institutes of Health, Bethesda, MD; 3) Institute
for Translational Genomics and Population Sciences, Los Angeles Biomedical
Research Institute, Torrance, CA; 4) Psychiatry, School of Medicine, Washing-
ton University in St. Louis, St. Louis, MO; 5) Genetics, Human genetics, Wash-
ington University in St. Louis, St. Louis, MO; 6) Epidemiology and Population
Health, Albert Einstein College of Medicine, Bronx, NY.

Genetic variants associated with nicotine dependence have previously been
identified and characterized, primarily in populations of European ancestry.
In particular, variants in the chromosome 15 gene CHRNAS (encoding the
a5 cholinergic nicotinic receptor subunit) have been unequivocally associat-
ed with nicotine dependence and heavy smoking in European, African, and
Asian ancestry cohorts. However, no large-scale genome-wide study has
examined the genetics of smoking behaviors in Hispanic/Latino populations.
We examined genetic associations with smoking behaviors in participants
from the Hispanic Community Health Study/Study of Latinos (HCHS/SOL).
HCHS/SOL participants were recruited from four U.S. field centers (Miami,
San Diego, Bronx NY, and Chicago). Consented individuals were genotyped
at ~2.3 million SNPs, and imputed to the 1,000 Genomes Project phase 3
reference panel (~49 million imputed variants). Current smokers reported the
average number of cigarettes smoked per day (CPD) in structured question-
naires. We performed GWAS of heavy (CPD > 10) versus light (CPD < 10)
smokers in 5,085 current smokers from the HCHS/SOL. We used a mixed
logistic regression model that accounted for population structure, sampling
design, shared household, relatedness, sex, and age. Heavy smoking varies
substantially among HCHS/SOL participants, and rates of non-daily smoking
are particularly high as compared to other U.S. populations. The known as-
sociation of the CHRNAJS region with smoking generalized to the HCHS/SOL,
with multiple correlated SNPs reaching genome-wide significance (p < 5x10+).
The known functional SNP, rs16969968, had a p-value of 2.20x107 with
minor allele frequency (MAF) of 0.22 and an odds ratio of 1.32 for the minor
allele (A). In groups based on self-reported country of origin, the minor allele
frequencies for rs16969968 were: Central American = 0.18; South American
=0.19; Mexican = 0.18; Puerto Rican = 0.25; Dominican = 0.22. Conclusion:
The association of variants in a nicotine receptor gene with smoking behavior,
previously reported in Europeans, generalized to Hispanics/Latinos despite
different patterns of smoking behavior. The generalization of the functional
SNP rs16969968 to an additional population may provide further insight into its
mechanism of function.
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A quasi-likelihood approach for transmission-based association map-
ping using sibship data. H. Kulkarni, S. Ghosh. Human Genetics Unit, Indian
Statistical Institute, Kolkata, West Bengal, India.

The classical transmission disequilibrium test (TDT) [Spielman et al. 1993]
based on thetrio design is an alternative to the population based case-control
design to detect geneticassociation as it protects against population stratifica-
tion. Most of the complex diseases are governed by quantitative precursor and
hence, it may be more prudent to analyze these quantitative traits rather than
converting them in to endpoint traits. The test for transmission disequilibrium
based on logistic regression [Waldman et al. 1999, Haldar and Ghosh 2015]
use the same approach as the classical TDT that is based on allelic trans-
mission from heterozygous parents. However, in the presence of the sibship
data,the marginal effect of linkage can result in transmission bias of parental
alleles and hence,the test is valid only for linkage. We modify the classical
TDT procedure using quasi likelihood [Wedderbur 1974] based on Generalized
Linear Regression model [McCullagh and Neldar 1989] using a logit link. Pa-
rameters of the models are estimated using the Generalized Estimating Equa-
tion (GEE) [Gourieroux, Monfort, and Trognon 1984; Liang and Zeger 1986]
but this method is highly influenced by the outliers. We use a modifiedResis-
tance Generalized Estimating Equation approach (RGEE) [Preisser and Qag-
ish1999, Preisser and Qagish, 1996; Hall, Zeger, and Bandeen-Roche,1996]
to down weight the outliers. Moreover, information on genetic association is
contained not only on the allele transmitted by a heterozygous parent, but
also the allele transmitted by the other parent. We modify the quasi likelihood
approach by including the transmission information from both parents. Based
on extensive simulations under different genetic models as well as for different
probability models for trait value we compute the type-I errors and the powers
of the proposed test procedures and compare the powers with FBAT [Lake et.
al.2000]. We observe that the powers of the tests are comparable across dif-
ferent distributions of trait values. The simulations also indicate that the quasi
likelihood approach is more powerful than FBAT and inclusion of transmission
information from both parents increases the powers of the test procedures.
The proposed approach can be easily extended for multivariate phenotypes
comprising a mixture of the categorical, count and continuous phenotypes.

506T
Clustering RNA-seq expression data using grade of membership models.
K.K. Dey, C.J. Hsiao, M. Stephens. University of Chicago, Chicago, IL.

Grade of membership models, also known as admixture models, topic mod-
els or Latent Dirichlet Allocation, are a generalization of cluster models that
allow each sample to have memberships in multiple clusters. These models
are widely used in population genetics to model admixed individuals who
have ancestry from multiple populations, and in natural language processing
to model documents having words from multiple topics. Here we illustrate the
potential for these models to cluster samples of RNA-seq gene expression
data, measured on either bulk samples or single cells. Traditional clustering
methods for this problem attempt to partition samples into distinct groups
of similar expression patterns. However, it seems likely that oftentimes the
structure of a typical gene expression data set will be too complex to be fully
captured by such a partitioning. Motivated by this, here we analyse expression
data using grade of membership (GoM) models, which generalize clustering
models to allow each sample to have partial membership in multiple clusters.
Our model allows that each sample has a proportion, or grade of member-
ship in each cluster. We suggest the use of a “Structure” plot visualization,
which represents the estimated membership proportions of each sample as a
stacked bar-chart, with bars of different colors representing different clusters.
Additionally, we also discuss ways to interpret the clusters by identifying the
genes that are most distinctively expressed in each cluster. We applied these
methods to several example RNA-seq applications to demonstrate its utility
in identifying and summarizing structure and heterogeneity. Our applications
include the GTEx V6 bulk RNA seq data and a couple of single cell RNA-seq
data. Applied to the GTEXx project data on 51 human tissues, the approach
highlights similarities among biologically-related tissues and identifies distinc-
tively-expressed genes that recapitulate known biology. Applied to single-cell
expression data from mouse preimplantation embryos, the approach highlights
both discrete and continuous variation through early embryonic development
stages, and highlights genes involved in a variety of relevant processes from
germ cell development, through compaction and morula formation, to the
formation of inner cell mass and trophoblast at the blastocyte stage. The meth-
ods are implemented in the Bioconductor package CountClust.
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Novel genomic predictor of bleeding risk in African Americans treat-

ed with warfarin. T. De’, W. Hernandez', N. Nwanze’, E. Smithberger’,

T. O’Brien?, M. Tucks, J. Duarte’, S. Bourgeois®, R. Kittlest, M. Perera’. 1)
Department of Medicine, The University of Chicago, Chicago, IL; 2) The
George Washington University, Department of Pharmacology and Physiol-
ogy, Washington, DC; 3) Veterans Affairs Medical Center, Washington, DC;
4) University of Florida, Gainesville, FL; 5) Queen Mary University, William
Harvey Research Institute, Clinical Pharmacology - Heart Centre, London; 6)
University of Arizona, Tucson, AZ.

Hemorrhage is the major concern for patients treated with warfarin. The
relative risk of major bleeding from warfarin is 44% higher in patients of African
descent than of other ethnicities. The commonly studied genetic variants asso-
ciated with bleeding explain substantially less variability in African Americans
(AAs). Uncovering the causal variants is critical for safer use of the drug and
drug selection. We conducted the first genome-wide association study in 546
AAs to identify the genetic predictors of warfarin induced bleeding requiring
hospitalization at International Normalized Ratio (INR) <4, a range when most
physicians do not consider warfarin reversal. To determine if clinical factors
could further help to predict bleeding risk, the predictive performance of HAS-
BLED (hypertension, abnormal renal/liver function, stroke, bleeding history,
labile INR, elderly, drugs/alcohol) scheme was evaluated by Cox proportional
hazards analysis and C-statistics. Genome-wide significant signal was ob-
served for rs62420645 on chromosome 6 (OR=4.43, p=2.20x10-¢). Validation
in 201 AAs confirmed this association (p=0.002, combined p=3.456x10-).

A HAS-BLED score of 23 was associated with 2-fold risk of major bleeding
(p=0.02). rs62420645 inclusion to HAS-BLED improved major bleeding risk
prediction by correctly reclassifying 12.5% of major bleeding, thereby increas-
ing sensitivity of prediction from 77.5% to 90% (C-indices: 0.70 vs. 0.65 for
HAS-BLED+rs.62420645 vs. HAS-BLED respectively). The number needed to
genotype to prevent one bleeding event was 8. CYP2C9 star alleles showed
no significant association with warfarin related bleeds. Our findings can help to
predict clinically avoidable bleeding events and improve the safety of anticoag-
ulation therapy in AAs.

508W

Genetic variation and pulmonary tuberculosis susceptibility in Guin-
ea-Bissau and The Gambia. G. Tavera’, A. Tacconelliz, G. Morris:, M. Whites,
L. Sausville?, C. Wejse?, C. Ciccacci’, P. Hills, C. Bisseye?, W. Scotts, G. Sirugo?,
S. Williams'. 1) Case Western Reserve University, Cleveland, OH, USA; 2)
Unita di Genetica Medica, Ospedale San Pietro FBF, Rome, Italy; 3) MRC
Laboratories, Fajara, The Gambia, West Africa; 4) Department of Infectious
Diseases, Aarhus University Hospital, Skejby, Denmark; 5) Centre for Inter-
national Health, University of Otago School of Medicine, New Zealand; 6) Dr.
John T. Macdonald Foundation Department of Human Genetics, University of
Miami, Florida, USA; 7) Tor Vergata University, Rome, Italy; 8) Department of
Genetics, Dartmouth College, Hanover, NH 03755, USA.

The burden of tuberculosis (TB) in West Africa is responsible for more
years of healthy life lost than any other infectious disease, apart from AIDS
and malaria and is second only to AIDS in mortality. Treatment for TB is
poor, with few novel therapies developed in the last 50 years. We analyzed
two West African samples (Guinea-Bissau: n=289 cases and 322 controls;
The Gambia: n=240 cases and 248 controls) to evaluate 60 single-nucleo-
tide polymorphisms (SNPs) in 12 candidate genes that may be implicated
pulmonary TB pathogenesis. Chi squared analysis identified rs10841847 in
the C-Type Lectin Domain Family 4, Member E (CLEC4E) gene as significant
after Bonferroni correction in the Guinea Bissau population (p=0.0008644). It
was not significant in the Gambian population. CLEC4E is involved in diverse
functions, including cell adhesion, cell-cell signaling and inflammation and
immune responses. Although they did not pass Bonferroni correction, other
SNPs reached significance in The Gambia samples alone (rs1800896, /L 10,
p= 0.0305 and rs163790, CTSZ, p=0.02166) and the Guinea Bisseau samples
Analysis for epistasis using MDR and ViSEN software revealed weak epistatic
interactions between the assayed SNPs. Further analysis of the ethnic back-
grounds of study participants may clarify the significance of these SNPs.
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Utility and biases of multiple whole genome methods to estimate heri-
tability and examine genetic architecture of complex traits. L.M. Evans’,
R. Tahmasbi', P. Visscher?, J. Yang? S. Vrieze', B. Neale’, D. Bjelland’, T. De-
Candia', G. Abecasis*, S. Das*, M. Keller', Haplotype Reference Consortium.
1) Institute for Behavioral Genetics, University of Colorado, Boulder, CO; 2)
Queensland Brain Institute, University of Queensland, Brisbane, Queensland,
Australia; 3) Program in Medical and Population Genetics, Broad Institute of
MIT and Harvard, Cambridge, MA, USA; 4) Center for Statistical Genetics,
Department of Biostatistics, University of Michigan, Ann Arbor, MI, USA.
Statement of Purpose: Complex trait genetic architecture has important
implications for disease genetics as well as providing fundamental understand-
ing of human evolutionary genetics. Narrow-sense heritability (h?) is a central
concept to this, yet the hz estimated from family studies of most complex traits
cannot be explained by significant genome-wide associated genetic markers—
the so-called missing h? problem. Recently, a number of methods—GREML,
LD score regression, LDAK, treelets, etc.—have begun to examine the source
of this missing h? using genome-wide markers in unrelated individuals. We
compared these methods to understand their performance across different
genetic architectures, levels of stratification, and marker type (common SNPs
from arrays vs. sequence data) using simulated phenotypes in real whole-ge-
nome sequence data. Methods Used: We used a subset of ~21K whole
genome sequences from the Haplotype Reference Consortium to generate
phenotypes (h>=0.5) from 1K causal variants (CVs) chosen randomly from dif-
ferent minor allele frequency (MAF) categories from common to very rare. We
then used either the whole genome sequence data or positions found on com-
mon SNP arrays to estimate hz and examine genomic architecture in mixed ef-
fects models (GREML) using genetic relationship matrices (GRMs) estimated
from 12 different methods across levels of stratification. Summary of Results:
Using SNP array genotypes, most methods estimated common CV phenotype
h? well, but progressively underestimated h? for rarer CV phenotypes. Further-
more, with array SNPs, most methods cannot accurately estimate the variance
explained by rare CVs when the phenotype is derived from a mix of common
and rare CVs. In contrast, using whole genome sequence data, the use of
multiple, MAF-stratified GRMs in the GREML model accurately estimated total
h? and partitioned the variance between rare and common CVs. This was true
regardless of sample stratification. When using a single GRM, even if adjusted
to better estimate relatedness such as with Treelet Covariance Smoothing,
estimates were highly dependent on both the genetic architecture and the
degree of sample stratification and could be strongly biased. Thresholded
GRMs also produced highly variable biases. Finally, GREML estimates based
on GRMs from identical-by-descent segments detected from SNP array data
in unstructured populations appeared to provide better estimation of both rare
and common causal variants.

510F

A phenome-wide gene burden analysis to identify DrugBank genes asso-
ciated with patient diagnoses. S.A. Pendergrass’, S.S. Verma’, N. Josyula’,
D. Hartzel'?, D. Lavage'?, S. Mukherjee?, O. Gottesmans, H.L. Kirchner'?, F.E.
Dewey:, M.D. Ritchie. 1) Biomedical and Translational Informatics, Geisinger
Health System, Danville, PA; 2) Phenotypic Analysis and Clinical Data Core,
Geisinger Health System, Danville PA; 3) Regeneron Genetics Center, Tarry-
town NY.

Genetic variation such as loss of function (LOF), can mimic the effect of
drugs as well as increase risk or protection for specific diseases. There are
~800 unique genes in DrugBank (http://www.drugbank.ca/) that have been
identified in pathways that most drugs target. To identify DrugBank genes
associated with a comprehensive series of diseases we performed a gene bur-
den based phenome-wide association analysis (PheWAS) using low frequency
(minor allele frequency < 1%) variants. We used whole exome sequencing
data from 38,568 unrelated European American adults (>18 years of age)
from DiscovEHR, and 541 ICD-9 based diagnoses from the Geisinger Health
System electronic health record. We contrasted binning rare variants across
genes two ways: all rare variants within the genes and only LOF and non-syn-
onymous variants via different filters. We collapsed low frequency variants by
gene using a software tool Biobin, and for association used a Madsen Brown-
ing style weighted burden based approach with logistic regression. All models
were adjusted for the covariates of age, sex and the first 4 principal compo-
nents reflecting global ancestry. Among our many highly significant results,
the most significant was between low frequency variants in the gene CASR
associated with hypercalcemia (ICD-9 275.42, p=1.43x10%), passing a Bonfer-
roni significance threshold of 1.18x1-. This gene is a calcium receptor, and the
drug cinacalcet targeting this gene is a treatment for calcium homeoestasis.
With CASR, testing for all variants regardless of function did not show a signif-
icant association, showing the association is driven mainly from LOF variants.
The gene GUCY1A2 was significantly associated with orthostatic hypoten-
sion (p=2.41x10+). Drugs that target this gene are nitric oxide and isosorbide
mononitrate, and are treatments for the respiratory and cardiovascular system.
We also found a significant association between TACR1 and chronic sinusitus
(p=8.10x10-7), however the diagnosis is unrelated to drug treatments targeting
this gene. Our current work includes contrasting our associated diagnoses for
these genes with why specific drugs are prescribed including direction of effect
of the associations, and pathway based analyses. Also important is identifica-
tion of potential pleiotropy showing contrasts in increased risk or protection for
traits for these genes. This study represents a unique gene-based rare variant
PheWAS with a series of novel associations.
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Using maximum allele frequencies across populations greatly increases
power for Mendelian gene discovery. T. Mori'2, S. Uchida?, D.A. Nickerson?,
M.J. Bamshads+, J.X. Chong’, University of Washington Center for Mendelian
Genomics. 1) Department of Pediatrics, University of Washington, Seattle,
WA, USA; 2) Department of Nephrology, Tokyo Medical and Dental University,
Tokyo, Japan; 3) Department of Genome Sciences, University of Washington,
Seattle, WA, USA,; 4) Division of Genetic Medicine, Seattle Children’s Hospital,
Seattle, WA, USA.

Identification of a putative causal variant in exome/genome sequence data
from an individual with a Mendelian condition (MC) typically proceeds by
filtering for variants that follow the expected inheritance pattern and are rare
(i.e. alternative allele frequency falls below a specified cutoff frequency in
population controls). Data from large population control datasets, including
the 1000 Genomes Projects (1KG), Exome Variant Server (EVS), and the
Exome Aggregation Consortium (ExAC), are widely used, and each provides
global allele frequencies (globalAAF) as well as allele frequencies within
each constitutive subpopulation (i.e. Europeans, East Asians, Africans, etc.).
Intuitively, causal variants for highly penetrant MCs should be rare across
almost all human populations (excluding small founder populations) because
the vast majority of pathogenic variants for MCs are pathogenic regardless
of ancestry and should thus be rare in every population. Yet many published
analyses [99% (80/81) of all Mendelian gene discoveries published in the
American Journal of Human Genetics in the past year] continue to filter on
globalAAF instead of the maximum population frequency across all subpopula-
tions (maxAAF). To quantify the increased power obtained by using maxAAF
instead of globalAAF, we used standard analytical parameters (e.g. filtering for
variants that are non-synonymous, splice, or UTR) to analyze data from 2,504
unrelated individuals in 1KG under common Mendelian inheritance models,
comparing the number of candidate genes identified using globalAAF versus
maxAAF as the allele frequency filter. Under an autosomal dominant model,
maxAAF decreased the median number of candidate genes per individual
by nearly 40% (477 with globalAAF vs. 280 with maxAAF); under a homozy-
gous recessive model, the median number of candidate genes was 2 vs. 1,
respectively; and under a compound heterozygous model, the median number
of candidate genes was 17 and 7. These differences were highly significant
(Wilcoxon rank-sum test: p<2.2x10-¢~-2). Using maxAAF rarely eliminates
variants classified as pathogenic/likely pathogenic by ClinVar and consistently
results in a ~50-80% decrease in the number of candidate genes identified
compared to using globalAAF. Adoption of maxAAF as the gold standard for
frequency cutoff during variant filtration can substantially reduce the number of
candidate genes for a given MC and should facilitate successful discovery of
the underlying gene.
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Trajectory of new variants requiring pathogenicity assessment as poten-
tial secondary findings across 50,000 exomes in the DiscovEHR cohort.
U.L. Mirshahi, A.H. Wardeh, K. Manickam, B. Moore, T. Mirshahi, D.J. Carey,
M.F. Murray, the Geisinger-Regeneron DiscovEHR Collaboration. Weis Center
for Research, Geisinger Clinic, Danville, PA.

Any project that seeks to deliver incidental or secondary genomic findings to
participants in a large cohort faces pipeline bottlenecks related to the patho-
genicity assessment for newly encountered variants in a gene of interest. The
Geisinger GenomeFIRST return of results program intends to return second-
ary findings in 76 genes (G76) to a cohort of 50,000 participants who have
undergone whole exome sequencing (WES) as part of the Geisinger-Regen-
eron DiscovEHR collaboration. In this study, the hypothesis is that the number
of new variants requiring pathogenicity assessment (NVRPA) would decrease
as the cohort increases. From our 50,000 WES, 5 groups of 10,000 samples
were randomly selected. We examined all G76 non-synonymous coding and
splicing variants characterized as NVRPA in each 10,000 exome increment. In
a second examination, NVRPA for just one of the G76, LDLR, were identified.
In the case of this gene, efforts to identify pathogenic/likely pathogenic (P/LP)
variants had already taken place across the 50,000 (Abul-Nusn et al. abstract);
therefore, the number of NVRPA called P/LP could also be ascertained. In
the G76, there were 6574, 3092, 2284, 1697, and 1380 NVRPA in the first,
second, third, fourth, and fifth 10,000 exomes, respectively. For LDLR alone
there were 152, 56, 49, 32, and 32 NVRPA in the first, second, third, fourth,
and fifth 10,000 exomes, respectively. Finally for LDLR, there were 17, 6, 5, 5,
and 2 newly encountered P/LP variants in the first, second, third, fourth, and
fifth 10,000 exomes, respectively. In the first 10,000 samples, 44% of all G76
NVRPAs, 47% of all LDLR NVRPAs, and 49% of all P/LP LDLR NVRPAs were
identified for assessment. Thus, most NRVPA will be encountered in the first
few thousands of WES samples; the majority of NVRPA in the latter 10,000s
are likely novel variants (no functional or family data). Thus, they will likely
be classified as variant of unknown significance with a very small number of
benign or putative loss of function variants. In the predominantly Europe-
an-American cohort, the NVRPAs are expected to become less of a bottleneck
to return results to patients as we progress through the cohort. Our data sug-
gests that the majority of unique P/LP variant calls are likely to be made early
in the analysis of a large cohort. A more diverse cohort will likely see greater
magnitudes of NVRPA; however, a similar pattern of decreasing NVRPA will
likely emerge as the cohort grows.
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Haplotype-based predictors for complex trait association. R. Brown’, B.
Pasaniuc’2*. 1) Bioinformatics IDP, UCLA, Los Angeles, CA; 2) Department of
Pathology and Laboratory Medicine, UCLA, Los Angeles, CA; 3) Department
of Human Genetics, UCLA, Los Angeles, CA.

A large portion of current genetic research looks for associations between
phenotype and genotype. One of the most common methods for this is a
standard linear regression of a phenotype on single nucleotide polymorphisms
(SNPs). An assumption of this method is that underlying causal architectures
disproportionally fall on the set of haplotypes defined by the presence of one
of the SNP alleles. While this assumption may be valid for some loci if there is
only a single causal architecture in a locus, recent work has shown that there
are often multiple causal variants per locus and non-linear causal architec-
tures. In such cases, no SNP necessarily tags the set of haplotypes that con-
tains all the architectures positively affecting a trait. We develop a method that
tags the greatest number of haplotype sets for a genetic region as opposed
to the greatest number of SNPs in that region. We use the 1000 Genomes
data and a list of DNase 1 hypersensitivity sites (DHSs) (Gusev, AJHG 2014)
to determine all possible sets of common haplotypes (>5% frequency in Eu-
ropeans) occurring in a DHS. We develop set predictors to tag the haplotype
sets. Using the same number of set and SNP predictors, we show that set
predictors tag (with an r2>0.8) a greater proportion of the possible haplotype
sets than do SNP predictors. Since the set predictors are tagging more of the
possible haplotype combinations, it should increase power to detect loci that
contain multiple causal variants or non-linear causal architectures.

514W
Interrogating gene-by-environment interactions using genetic risk
scores. N. Furlotte, V. Vacic, G. Benton, A. Auton, D. Hinds. 23andMe Inc.,
Mountain View, CA.

The effect of genetic variation is dependent on the environment in which it
is expressed. This interaction between genetic and environmental variation
is of fundamental importance to our understanding of basic biology as well
as the etiology and progression of disease. As such, the ability to quantify
gene-by-environment interactions will play a key role in the application of
personalized medicine. By understanding the effect of genetic risk factors in
differing environmental contexts, clinicians will be better able to tailor thera-
peutic recommendations to specific patients. For example, the effectiveness
of certain dietary and exercise recommendations may depend on underlying
genetic propensity for obesity. Unfortunately, gene-by-environment interactions
(GxE) remain notoriously difficult to identify, due in part to the low statistical
power for discovery resulting from small effect sizes. However, recent work
has demonstrated that it is possible to detect interactions by aggregating
genetic effects, even when the power to detect individual GxEs is low. In this
approach, GxE interactions are identified by constructing a genetic risk score
(GRS) and testing for interaction between the score and an environmental
condition. Here, we investigate interactions between a GRS computed using
over 350 BMI-associated SNPs and different environmental conditions. Using
a cohort of over 300,000 consented research participants from the 23andMe
customer base, we show that there is a statistically significant interaction
between the GRS for BMI (grsBMI) and exercise frequency (p = 1.32e-17) as
well as fast food intake (p = 6.34e-18). To quantify the effect of the GRS on
true BMI, we estimate the amount of increase in true BMI expected from a one
unit increase in grsBMI and then compare estimates under different envi-
ronmental conditions. The effect size among those who exercise is 0.97, in-
creasing to 1.7 for those who do not exercise. Similarly, we find that the effect
among those who frequently eat fast food is 1.87, while only 1.21 in those who
consume infrequently. This discrepancy becomes more extreme depending on
how you define “frequently.” Additionally, we explore how environment affects
heritability estimates. Taken together, our observations imply that the expected
effects of diet and exercise are dependent on genetic predisposition.
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Trans-ethnic comparison of partitioned heritability reveals shared
cell-type specific enrichment between East Asian and European ge-
nome-wide association studies. M. Kanai’, M. Akiyama', Y. Okada'2, M.
lkedas, N. Iwata®, M. Kubo*, Y. Kamatani. 1) Laboratory for Statistical Analysis,
RIKEN Center for Integrative Medical Sciences, Yokohama, Japan; 2) Depart-
ment of Statistical Genetics, Osaka University Graduate School of Medicine,
Osaka, Japan; 3) Department of Psychiatry, Fujita Health University School
of Medicine, Aichi, Japan; 4) Laboratory for Genotyping Development, RIKEN
Center for Integrative Medical Sciences, Yokohama, Japan.

Genome-wide association studies (GWAS) have identified thousands of
loci associated with human diseases and traits. There has long been a strong
interest in the so-called "missing heritability”", where genome-wide significant
SNPs could only explain a small portion of heritability expected. Recent works
in the LD score regression (LDSC) enable us to estimate the total variance ex-
plained by all or partial common SNPs, even when only summary statistics are
available, which facilitates understanding the complex genetic backgrounds of
human traits. With a sufficient sample size, the LDSC approach is theoret-
ically applicable to any GWAS of any population. However, previous works
were primarily based on the result of European GWAS, since currently fewer
massive GWAS have been conducted for other populations, and there lacks
both summary statistics and LD score references for them. Here, we report a
trans-ethnic comparison of LDSC analysis (genetic heritability, genetic correla-
tion and partitioned heritability) based on East Asian GWAS for 10 complex
traits (including rheumatoid arthritis, body mass index, adult height, schizo-
phrenia, bipolar disorder, and type 2 diabetes; mainly from the BioBank Japan
project) and publically available European GWAS for the corresponding traits.
We found that both overall and partitioned genetic heritability were largely con-
sistent between populations where substantial heritability was observed. For
example, we observed a similar proportion of estimated heritability (h2 = 0.326
[s.e. 0.016] and 0.313 [0.014] for East Asians and Europeans, respectively)
and significant correlations of categorical enrichment coefficient z-scores in
53 functional categories (r=0.72, P =1.22 x 10-), 10 cell-type-group specific
categories (r=0.96, P = 1.47 x 10-%), and 220 cell-type specific categories
(r=0.92, P < 2.2 x 10-%) between East Asian and European GWAS of adult
height. Remarkably, cell-type specific enrichment showed a distinct pattern
among related traits regardless of populations, which allowed us to cluster
traits based on the earned profile of cell-type specificity. Our results suggested
that the proportion of heritability was often shared between East Asians and
Europeans, illuminating uniquely shared cell-type specificity of related traits
across populations. In addition, we evaluated the trans-ethnic genetic correla-
tion between East Asian and European GWAS, using the popcorn software.
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The effect of varying selection criteria at each stage of tiled regression
on power and type | error. J.A. Sabourin, H. Sung, A.J.M. Sorant, A.F. Wil-
son. Genometrics Section, Computational and Statistical Genomics Branch,
NHGRI, NIH, Baltimore MD, 21224, USA.

In staged modeling procedures such as tiled regression, which may use
stepwise selection on subsets of genetic variants at hotspot-based tile,
chromosome, and genome-wide stages, the choices for analysis parameters
at each stage can affect the final outcome. The impact that these choices
have on the SNPs selected at the final stage has not been fully explored. In
this study, we investigated the effects of different critical value settings in tiled
regression on both type | error and power with a simulated quantitative trait
with a causal model based on the Trinity Student Study GWAS data comprised
of 757533 SNP genotypes in 2232 unrelated individuals. The simulation model
was based on additive effects of 5 independent causal SNPs on chromosome
4, each with a locus specific heritability of 0.01. The causal SNPs were select-
ed such that there were no missing values in the data set and the minor allele
frequency was approximately 0.05. Two-hundred replicates from this model
were generated and analyzed with tiled regression, as implemented in TRAP
v2.0, under two critical value settings: (1) a fixed critical value (10+) for each
of the 3 stages and (2) a set of critical values beginning with a liberal value
(107) at the tile stage and becoming more conservative at each consecutive
stage (10~ at the chromosome stage and 10+ at the genome stage) so that the
critical value at the final stage matched that of setting 1. Observed type | error
rates were estimated based on the 712,830 SNPs remaining after exclusion of
SNPs on chromosome 4 to ensure an estimate based on SNPs that were in-
dependent of the causal SNPs. The observed type | error rate when using crit-
ical value setting 1 was 3.25x10% and when using critical value setting 2 was
5.72x10-, which, although still conservative, was closer to the nominal rate of
10+. Power was estimated as the proportion of the 5 causal SNPs selected at
the final stage, averaged over replicates. Analysis using critical value setting 1
had observed power 0.386, slightly lower than that using setting 2, which was
0.395. In our simulation experiments, we found that the use of a liberal critical
value at the first stage of tiled regression with successively more conservative
values at later stages (setting 2) achieved a type | error rate closer to the
nominal value along with increased power when compared to the setting using
a fixed critical value at all stages (setting 1).
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Contrasting regulatory architectures of complex traits. A. Sarkar'2, Y.
Park'2, M. Kellis'z. 1) Computer Science and Atrtificial Intelligence Laboratory,
Massachusetts Institute of Technology, Cambridge, MA; 2) Broad Institute of
MIT and Harvard, Cambridge, MA, USA.

Several computational models (GREML, PCGC regression, and LD score
regression) have been developed to address the missing heritability problem,
revealing common variants explain much of the heritability of complex traits.
These models have provided numerous insights about the genetic architecture
of complex traits, but they make a critical, non-realistic assumption which calls
into question their use in partitioning heritability across regulatory annotations.
Specifically, these models assume every genetic variant has an infinitesi-
mal effect on phenotype. This assumption makes model inference feasible,
by replacing an ill-specified regression problem with a simpler optimization
problem. However, the resulting class of models cannot distinguish whether
the observed enrichment in regulatory annotations stems from a higher density
of causal variants in regulatory annotations, or simply larger effect sizes of
causal variants within regulatory annotations relative to causal variants outside
regulatory annotations. Additionally, this class of models does not apply to
higher-resolution regulatory annotations, where they become mis-specified,
leading to incorrect inferences. Here, we present an efficient genome-scale
Bayesian sparse regression model that overcomes these limitations by intro-
ducing three key ideas. (1) We use recent advances in variational methods
to perform approximate Bayesian inference on the high dimensional imputed
dosage matrix and directly fit the underlying regression problem. (2) We
formulate a novel re-parameterization of the approximation so the inference al-
gorithm scales in the number of individuals rather than the number of variants.
(3) We use biologically-motivated priors to enforce sparsity and directly model
the effect of regulatory annotations on the prior probability of each variant
being causal and its causal effect size. We systematically apply this model to
both simulated and real genomic datasets to demonstrate its scalability and its
accuracy, using: (1) idealized simulations on synthetic genotypes and annota-
tions; (2) realistic simulations on imputed genotypes and true annotations from
the Roadmap Epigenomics consortium; and (3) true annotations and imputed
genotypes from the Wellcome Trust Case Control Consortium. We show that
we can accurately recover non-infinitesimal genetic architectures, lending new
insights into the regulatory architectures of seven complex diseases.

518T

Estimating the frequency dependence of SNP effect sizes in human
complex traits. A.P. Schoech’, P. Loh'?, P.F. Palamara'? L. O'Connor, H.K.
Finucane's, A.L. Price’2. 1) Harvard T.H. Chan School of Public Health, Boston,
MA; 2) Broad Institute of MIT and Harvard, Cambridge, MA; 3) Massachusetts
Institute of Technology, Cambridge, MA.

Understanding the role of rare variants is of crucial importance to elucidating
the genetic basis of human complex traits and diseases. It is widely hypothe-
sized that negative selection may cause rare variants to have larger per-allele
effect sizes than common variants, but the extent of this trend is currently
unknown. Here, we present a statistical method based on linear mixed models
to estimate the frequency dependence of SNP effect sizes in sequenced
samples. We estimate the parameter a in a model in which per-allele effect
sizes have variance [p(71-p)]s, where p is allele frequency and negative values
of a imply larger effect sizes for rare variants. We employ a profile likelihood
approach, using restricted maximum likelihood to estimate the phenotypic
variance explained by the genotype data for a given a. This computation is
repeated for different a values over a biologically plausible range, choosing the
value that maximizes the overall likelihood as the estimate of a. Our simula-
tions show that this method produces unbiased estimates under a wide range
of genetic architectures. We applied the method to 3,567 samples from the
UK10K cohort with whole-genome sequencing data and measurements for 13
quantitative phenotypes: height, body mass index, waist to hip ratio, heart rate,
diastolic blood pressure, FVC:FEV1 ratio, hemoglobin levels, homocysteine,
fasting glucose, adiponectin, HDL, LDL and total cholesterol. We included
SNPs down to a minor allele frequency of 0.03% in our analyses. We obtained
an estimate of a = -0.76+0.28 across phenotypes, which is significantly differ-
ent from zero, confirming that rare variants have larger per-allele effect sizes
than common variants in this data set and implicating significant negative
selection on the SNPs affecting these traits. To our knowledge, this is the first
study quantifying the frequency dependence of allelic effects in whole-genome
sequencing data. Application of the method to larger data sets will enable
trait-specific estimates of a, providing a quantitative comparison of the impact
of negative selection on different traits and informing the design of genetic
association studies.
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Identity-by-descent as a proxy rare variant association test in large-scale
genome-wide association studies. J.N. Torres’, J.R. Homburger', G.L. Wo-
Jjeik', G. Belbin?, S. Prabhu', C.D. Bustamante’, E.E. Kenny?, C.R Gignoux'. 1)
Center for Computational, Evolutionary Human Genomics, Stanford, Stanford,
CA,; 2) Charles Bronfman Institute for Personalized Medicine, New York, NY.
In the second decade of genome-wide association studies, researchers
are increasingly turning to sequencing as a strategy to identify associ-
ated variants with rare minor allele frequencies (MAF<1%), motivated
by the prediction that rare variants are often found to have larger effect
sizes than common variants, and contribute to the heritability often
missed by top hits identified in GWAS. While sequencing technologies
are developing rapidly, genotyping arrays continue to provide a low-
cost snapshot of genomic variation. These will not capture the entire
frequency spectrum in the study as rare variants may not be in linkage
disequilibrium with the array’s tag SNPs. However, in this context, lever-
aging ldentity-by-Descent in a GWAS framework (IBDGWAS) may provide
an alternative to capturing patterns of trait-associated rare variants.
Population genetic theory and recent empirical studies have shown that
rare variants tend to have arisen more recently in human history and
thus should be correlated with IBD tracts, and therefore detectable with
genotyping arrays. The power to identify IBD segments for association
testing scales quadratically so large sample sizes, as is becoming the
standard with large-scale consortia and biobank studies, provide an
emergent opportunity to uncover genomic variation. Therefore exam-
ining rare variant associations via IBDGWAS may provide a low-cost
alternative to sequencing. To examine the relative power of IBDGWAS
versus sequencing at capturing rare variant association, we employed
both a coalescent-based framework for large-scale case-control simula-
tion followed by examination in several biobank datasets. We compared
IBDGWAS to exome and whole-genome sequencing assuming a fixed
budget and evaluated the tradeoff between sequencing’s resolution and
the large boost in sample size possible with IBDGWAS. We first evaluate
the effect of a population bottleneck on levels of IBD detectable in
mega-scale datasets. We describe demographically realistic scenarios in
which IBDGWAS outperforms sequencing strategies, in particular, whole
genome sequencing given the relative expense. Based on these findings,
we can integrate the findings from both IBDWAS and GWAS to learn
about the relative contributions of rare and common variants to genomic
architecture, as well as the portability of findings across populations
with diverse demographic histories..

520W

Testing family association with rare and common variants via wavelet
transformation. H. Wang, Y. Lin, D. Chen, S. Wu, C. Chang, C. Fann. Insti-
tute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan.

Many common diseases are known to cluster in pedigrees which have
become a rich resource for detecting association between rare variants and
complex traits. In recent years, many researchers have modified existing
population-based methods for detecting family-based rare variant associa-
tion. These tests including collapsing/burden test and variance-component
tests focus on identifying a group of rare variants in a region associated with
a disease, thereby effectively reducing the degrees of freedom as compared
with individual rare variant test. In addition, both common and rare variants
may be the causal variants in a region and therefore should be considered
simultaneously. It is inevitable that the power may be loss if neutral variants
are incorporated into test statistics. With the aims of improving the power of
rare variants association in family design and reducing the noise caused by
neutral variants, we extended the wavelet-based test to identify both common
and rare causal variants within a region. The wavelet transformation which
can suppress the noise data has been applied to rare variants association in
case-control data but has not been used in family design. In our study, pedi-
gree sequence datasets were simulated. We evaluated type | error rates and
compared the power of family-based wavelet test (famwave) with two other
family-based association tests, family-based weighted sum test (famWSS)
and family-based SKAT (famSKAT). The results demonstrated that type | error
rates under different scenarios were well-controlled and had a comparable or
better power (0.4~0.98) than the other tests. In order to illustrate the feasibility
and performance of the proposed methodology in realistic setting, the Genetic
Analysis Workshop 17 datasets were utilized. The qualitative trait (affected/
unaffected) was used to test with 228 variants in 15 genes. The percentage
of the number of significant results among the 200 replicates was used to
evaluate the performance of these methods. For all 15 candidate genes, the
results indicated that our proposed method detected the causal genes more
frequently than the other tests, for example a large number variants in gene
PIK3C2B (71 variants).
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Improving imputation accuracy by inferring causal variants in genetic
studies. Y. Wu', F. Hormozdiari', J. Wha J Joo', E. Eskin'2. 1) Computer Sci-
ence, UCLA, Los Angeles, CA; 2) Department of Human Genetics, UCLA.
Genotype imputation has been widely utilized for two reasons in the analysis
of Genome-Wide Association Studies (GWAS). One reason is to increase the
power for association studies when the causal SNPs are not collected in the
GWAS. The second reason is to aid in the interpretation of a GWAS result
by predicting the association statistics at untyped variants. In this project, we
show that the prediction of association statistics at untyped variants which do
in fact have an influence on the trait is overly conservative. Current imputa-
tion methods assume that none of the variants in a region (locus consists of
multiple variants) affect the trait which is often inconsistent with the observed
data. In this paper, we propose a new method, CAUSAL-Imp, which can
impute the association statistics at untyped variants taking into account that
some of the variants in the region may affect the trait. Our method builds on
recent methods that impute the marginal statistics for GWAS utilizing the fact
that the marginal statistics follows a multivariate normal distribution. We utilize
both simulated and real data sets to assess the performance of our method.
We show that traditional imputation approaches underestimate the association
statistics for variants involved in the trait while our approach provides less
biased estimates of these association statistics.

522F

Adjusting missing confounders in epigenome-wide association studies.
C. Wur, J. Pankow?, E. Demerath?, J. Bressler,, M. Groves, M. Fornage?,

W. Guan'. 1) Division of Biostatistics, School of Public Health, University of
Minnesota, Minneapolis, MN, USA; 2) Division of Epidemiology & Community
Health, School of Public Health, University of Minnesota, Minneapolis, MN,
USA; 3) Human Genetics Center, School of Public Health, University of Texas
Health Science Center at Houston, Houston, TX, USA.

DNA methylation is a commonly studied epigenetic mechanism that may be
involved in the development of common diseases. Unlike inherited changes in
genetic sequence, variation in site-specific methylation varies by tissue, devel-
opmental stage, and may be impacted by aging and exposure to environmen-
tal factors. Failing to control for these non-genetic factors in epigenome-wide
association studies (EWASs) may lead to false discoveries and loss of statis-
tical power. These factors, if available, can be directly included in a regression
model, or can be inferred through decomposition of the methylation matrix,
e.g., using principal component analysis (PCA). Here we introduce a novel
statistical method based on standard and supervised principal component
analysis (SPCA) to correct for unobserved confounders in EWASs. Compared
to standard PCA, SPCA will assist to capture confounders that only contrib-
ute to a small proportion of CpG sites among the genome-wide measures.
Through simulation studies, we demonstrate that our proposed method
can maintain acceptable false positive rate and improve statistical power of
epigenetic association test. We also compare our results to existing methods,
such as ReFACTor and FaST-LMM-EWASher, and apply our method to an
EWAS of smoking in the atherosclerosis risk in communities (ARIC) study.
We propose that our method will help to control for potential confounding and
increase statistical power of epigenetic association studies.
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Detection of recessive selection identifies non-additive components of
complex disease. D.M. Jordan’, D.J. Balick?, I.A. Adzhubei?, S.R. Sunyaev?,
R. Do'. 1) Charles Bronfman Institute for Personalized Medicine, Icahn School
of Medicine at Mt. Sinai, New York, NY; 2) Division of Genetics, Brigham and
Women's Hospital and Harvard Medical School, Boston, MA.

Methods to identify genes and variants for complex diseases generally
assume that effects of alleles are additive, meaning that a homozygous
genotype confers twice the risk of a heterozygous genotype. Indeed, the
majority of genome-wide association studies (GWAS) for complex diseases
have assumed additive models of risk, but the few studies that have tested
recessive models have discovered recessive associations that were not
detectable using additive models’. Genes under recessive selection exhibit
detectably different population dynamicsz. Leveraging this property, we have
developed a novel method to quantify the strength and recessivity of selection
of all protein-coding genes across the human genome by comparing European
population sequencing data from the Exome Aggregation Consortium (ExAC)
(N=35,000) with simulated evolutionary histories for both additive and reces-
sive alleles. This method could inform model choice by identifying genes and
pathways likely to be under recessive selection. We find a variety of biological-
ly meaningful categories enriched in the predicted recessive class, including
glycoproteins (Benjamini P=6.3x10-%), immunoglobulin domains (P=0.023),
and inflammatory response (P=0.0052). The enrichment for inflammatory
genes in particular suggests that many complex diseases with inflammatory
and autoimmune components may be under recessive selection, such as
Crohn's disease and rheumatoid arthritis (RA). In the case of Crohn's disease,
we find that genes with large and well-validated effects are predicted to be
under recessive selection, while genes implicated by GWAS studies have no
enrichment for recessive selection. Similarly, RA loci discovered by GWAS
show no enrichment for recessive selection, despite the fact that RA is known
to involve inflammatory and immune pathways that are highly enriched for
recessive selection according to our method. These examples highlight the po-
tential usefulness of our catalog of recessive selection as a tool for variant and
gene prioritization, and more broadly, for gaining biological insight into com-
plex disease. 1. Nikpay M, Goel A, Won H-H, et al. (2015) A comprehensive
1000 Genomes—based genome-wide association meta-analysis of coronary
artery disease. Nature Genet 47, 1121-1130. doi:10.1038/ng.3396 2. Balick
DJ, Do R, Cassa CA, Reich D, Sunyaev SR (2015) Dominance of Deleterious
Alleles Controls the Response to a Population Bottleneck. PLoS Genet 11(8):
€1005436. doi:10.1371/journal.pgen.1005436.

524T

A new sparse Bayesian method for multi-trait genome wide association
studies. K. Sharp’, V. lotchkova?, A. Dahl, J. Marchini's. 1) Statistics, Univer-
sity of Oxford, Oxford, Oxfordshire, United Kingdom; 2) Welcome Trust Sanger
Institute, Hinxton, Cambridge, United Kingdom; 3) Welcome Trust Centre for
Human Genetics, University of Oxford, Oxford, United Kingdom.

Genetic association studies of complex traits have concentrated primarily
on testing for association between a SNP and each trait separately. However,
when measurements of multiple, correlated phenotypes are available, this
approach ignores useful information. In such cases, statistical power can be
increased by testing all traits simultaneously. Existing multi-trait approaches
look for evidence of association by comparing the fit of just two models: a null
model of no association at all and a saturated model incorporating non-zero
effects of a SNP on all traits. However, we rarely expect such a dichotomy
especially as the number of traits increases. We have developed a Bayes-
ian model designed to detect association when correlations exist between
high-dimensional phenotypes and between individuals due to relatedness.
We impose a sparsity assumption through the use of a ‘spike and slab’ prior
on the genetic effect sizes. This allows us to learn the subset of traits that are
associated with each SNP or genetic region. In this way our method is able to
perform model inference (association testing) and model selection simultane-
ously. To allow for relatedness and population structure, our method generaliz-
es single-trait, linear mixed model analysis to high-dimensional traits. We use
MCMC to fit the model at SNPs showing some marginal evidence of an effect.
On simulated datasets of unrelated individuals, when the true signal is sparse,
our approach has significantly more power to detect association than simpler
approaches based on fitting a saturated model (SM) or single phenotype tests
(minP). For 10 simulated phenotypes, of which only 1 had a true association,
we observed a mean increase in power to detect association of 25% and 32%
over SM and minP respectively (fpr=0.01). We applied our method to 15 gly-
comics phenotypes for individuals from 3 isolated populations. Two previous
meta-analyses discovered associations at 19p13.3, 14923.3 and 12924.31.
The second, larger, study also identified a QTL at 2g21. Our method is able to
uncover strong evidence of association at these SNPs (log10 BF > 9.5) and
produces a stronger signal at the 2g21 locus in the Korcula and Vis cohorts
than p-value based approaches. We also find strong evidence of association
with additional phenotypes at each locus. For example, the larger meta-anal-
ysis reported associations with 4 phenotypes at 19p13.3, and with only 1 at
2g21. We find associations with 7 and 3 phenotypes respectively.
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The impact of genotype imputation on the statistical power of rare
variant association studies. D.M.H. Tong, R.D. Hernandez. University of
California San Francisco, San Francisco, CA.

Genome-wide association studies have discovered a large number of asso-
ciations for many complex human diseases. Despite these successes, much
of the heritability of these traits remains unexplained. Low frequency and rare
variants are a common explanation, and genotype imputation has been widely
used to introduce low frequency variants into GWAS to boost power. In this
study, we evaluated the power of gene-based rare variant association methods
on simulated whole genome sequences against simulated imputed sequenc-
es. We simulated DNA sequences for 20,000 individuals under a demographic
model representing three different ancestries (African, European, and Asian)
with evolutionarily conserved and neutral sequence variation. Phenotypes
for each individual were simulated under a range of models encompassing a
diverse set of genetic architectures. Each individual genome was then downs-
ampled to match common genotyping arrays, and imputed using minimac
and IMPUTE2 with a subset of held-out individuals as a reference panel. The
statistical power of a diverse set of rare variant association methods was
evaluated and compared on both the entire set of simulated sequences as well
as the imputed sequences.

526W
A unified approach to estimating population structure and relatedness.
B.S. Weir, J. Goudet:. 1) Biostatistics, University of Washington, Seattle, WA;
2) Ecology and Evolution, UNIL-Sorge, Switzerland.

Evolutionary studies, association mapping and forensic identification rely
on estimates of population structure or relatedness. Estimates of quantities
depending on allelic identity by descent cannot be estimated in an absolute
sense, but only relative to a reference set of alleles. The usual Fst reference
set is alleles among independent populations. The EIGENSTRAT kinship
estimates reference set is for other unrelated pairs of individuals in a sample.
KING-robust uses non-ibd alleles within individuals as a reference. However,
migration leads to dependent populations, all pairs of individuals in a study
may have low kinship levels and consequent inbreeding. We have therefore
re-cast population structure, relatedness and inbreeding estimation to make
explicit what is being estimated by standard estimates, and to provide simple
alternatives. We use allelic matching, or ibs. If a series of populations i have
reference allele sample frequencies Pi then within-population matching propor-
tions are Pi*2+(1-Pi)*2, with average M(W). For populations i,j the matching
proportions PiPj+(1-Pi)(1-Pj) have average M(B). The corresponding ibd
parameters are theta(i), theta(ij) with averages theta(W), theta(B). We avoid
confounding by the number of populations by using M(B) instead of the usual
total heterozygosity. Our population-specific estimates [M(i)-M(B)])/[1-M(B)]
are unbiased for [theta(i)-theta(B)]/[1-theta(B)]. In effect, standard methods
set theta(B)=0. The new estimates are good indicators of natural selection,
they are sensitive to population divergence times and migration rates for rare
variants, and they give preliminary indicators of association when the popu-
lations are cases and controls. The usual Fst quantity is [theta(W)-theta(B)l/
[1-theta(B)], and for pairs of populations drifting apart this is proportional to the
time since divergence from an ancestral population. For population sample
sizes of 1, the matching proportions are M(i)= (1-Xi)*2 within individual i, or
M(ii)=[1+(1-Xi)"2]/2 for an individual with itself, and M(ij)=[1+(1-Xi)(1-X])]/2 for
individuals i,j where Xi is the reference allele dosage for i. Now [M(ij)-M(B))/
[1-M(B)] provides estimates of [theta(ij)-theta(B)]/[1-theta(B) where theta(ij) is
the coancestry for i,j. When i=j, theta(ii)=(1+Fi)/2 where Fi is the inbreeding
coefficient of individual i. The estimates of theta(ij) for distinct i,j sum to zero by
construction, as do large-sample expected values of EIGENSTRAT estimates.
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Prediction accuracy of combined genetic and non-genetic risk scores. F.
Dudbridge. Non-communicable disease epidemiology, London Sch of Hygiene
and Tropical Medicine, London, United Kingdom.

The substantial heritability of most complex diseases suggests that genotyp-
ic data could be a useful predictor of individual disease risk. Such risk predic-
tion could identify individuals who would benefit from preventive medication,
such as statins, and could improve the efficiency of screening programs for
early detection of diseases such as breast cancer. To date the performance of
genetic risk scores has fallen short of the potential implied by heritability, but
this shortfall can be explained by inadequate sample sizes used to estimate
effect sizes in highly polygenic models. However, as sample sizes approach
hundreds of thousands, more accurate genetic risk prediction is becoming
feasible. When there are existing risk predictors based on environment
or lifestyle, the main questions are to what extent can these predictors be
improved by adding genetic information, and what is the ultimate potential of
combined genetic and non-genetic risk scores? A key issue is the correlation
between genetic and non-genetic risk, which may occur when the non-genetic
risk factors mediate the genetic risk, or when one of the risk factors is family
history. Here | extend previous work on the predictive accuracy of polygenic
risk scores to allow for a non-genetic score that may be correlated with the
polygenic score. | derive measures of predictive accuracy including liability Rz,
area under the ROC curve and net reclassification improvement, as functions
of the sample size used to discover the polygenic score, chip heritabilities of
the disease of interest and of the non-genetic score, and genetic correlation
between disease and non-genetic score. | consider simple addition of the two
scores and a weighted sum that adjusts for their correlation. Using current
examples from cardiovascular disease and breast cancer, | show that improve-
ments in AUC are generally small but reasonably large NRI could be obtained
with current sample sizes. Correlation between genetic and non-genetic
scores turns out to have only minor effects on numerical results. Since existing
risk predictors tend to explain less variation than the heritability, the long term
prospect might be that polygenic scores become the default predictor and
the burden is on epidemiologists to find sufficiently informative additional risk
factors.

528F

Gene-based segregation method for identifying rare variants in fami-
ly-based sequencing studies. D. Qiao’, C. Lange®, N.M. Laird?, S. Won‘, B.
Hobbs', S.M. Lutzs, J.D. Crapo®, T.H. Beaty’, E.K. Silverman'2, M.H. Cho'2. 1)
Channing Division of Network Medicine, Department of Medicine, Brigham and
Women's Hospital and Harvard Medical School, Boston, MA, USA; 2) Division
of Pulmonary and Critical Care Medicine, Department of Medicine, Brigham
and Women's Hospital and Harvard Medical School, Boston, MA, USA; 3) De-
partment of Biostatistics, Harvard School of Public Health, Boston, MA, USA;
4) Department of Public Health Science, Seoul National University, Seoul,
Republic of Korea; 5) Department of Biostatistics, University of Colorado,
Aurora, CO, USA; 6) Department of Medicine, National Jewish Health, Denver,
CO, USA; 7) John Hopkins Bloomberg School of Public Health, Johns Hopkins
University, Baltimore, MD, USA.

Background: Family-based whole-exome sequencing data have been used
to identify rare coding variants of large effect and complete or near-complete
penetrance associated with Mendelian diseases or complex diseases with
Mendelian subtypes. A filtering approach based on variant novelty, functional-
ity, and segregation with phenotype within families has led to successful dis-
coveries for some diseases; however formal statistical approaches are limited.
Methods: We propose a GEne-based SEgregation Test (GESE), constructed
using the marginal probabilities of segregating events under the null hypothe-
sis of Mendelian transmission. This test takes into account different degrees of
relatedness in the families and genetic background variation in each gene. In
addition, a weighted version of this test allows incorporating additional subject
phenotypes and functional annotations to improve the power for identifying
the causal genes. Results: We showed via simulations that the GESE and
weighted GESE tests maintain appropriate type | error rate, and have greater
power than several commonly used association methods. We applied the
methods to whole-exome sequencing data of 347 subjects from 49 extended
pedigrees with severe, early-onset chronic obstructive pulmonary disease
(COPD) in the Boston Early-Onset COPD Study (BEOCOPD) and proposed
several candidate genes for future validation. Conclusions: Our proposed
methods show great promise in identifying rare coding variants of large effect
and high penetrance for family-based sequencing data. The proposed tests
are implemented in an R package that is publicly available. .
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Metrics to assess imputation quality in the presence of complex relat-
edness. C. McHugh', B.K. Cornes’, B.J. Chen', M.C. Zody', D.E. Housman?,
N.S. Wexler, R.B. Darnell'. 1) New York Genome Center, New York, NY; 2)
Massachusetts Institute of Technology, Department of Biology, Cambridge,
MA; 3) Columbia University Medical Center, New York, NY.

With the decreasing cost of genotyping technology, researchers can afford
to generate SNP chip array genetic data for a large number of samples,
resulting in a set of relatively common variants in all study individuals. On the
other hand, obtaining rare variant calls for all samples using whole genome
sequencing (WGS) is more expensive. Oftentimes a cost-effective approach is
used where only a small number of samples are submitted for WGS, then im-
putation is performed in all samples using the directly sequenced samples as
references. Currently, some imputation methods specifically take into account
pedigree structure while others are pedigree-agnostic. In family-based studies,
we may sequence only a select number of relatives, but want to choose them
intelligently in order to provide the most information for imputation quality and
accuracy. A few tools are available that offer algorithms to select samples
for WGS but they have a large computational burden, especially for complex
pedigrees. Furthermore, they do not offer comprehensive assessment of
imputation quality in the context of a pedigree. Here, we develop metrics to
assess imputation quality and accuracy in related individuals, by sample and
by variant. We perform imputation using various software packages, including
IMPUTE2 and MaCH, in a large, complex pedigree where we have SNP array
data on all subjects but have only directly sequenced a subset of the study
samples. From sample-based metrics, we can determine expected imputation
accuracy, taking into account the position of the individual within the pedigree.
One sample-based metric calculates the concordance between imputed and
sequenced genotype calls. Other metrics are devised to analyze characteris-
tics of discordant sites. We assess the sample-based metrics for all individuals
stratified by pedigree characteristics such as how many relatives they have.
Quality is also evaluated by variant, taking into account various character-
istics such as minor allele frequency and call rate. With this comprehensive
assessment of imputation output, we gain insight into why some samples and
variants perform better than others in the presence of complex relatedness. In
the future, such metrics may be used to select the most informative samples
for WGS, an important design decision for many family-based studies.

530T
Linkage analysis and regional heritability vs GWAS in family-based
cohorts. R. Nagy', P. Navarro', C. Hayward', J.F. Wilson'?, C.S. Haley's, V.
Vitart'. 1) Institute of Genetics and Molecular Medicine, University of Edin-
burgh, Edinburgh, United Kingdom; 2) Centre for Population Health Sciences,
University of Edinburgh, Edinburgh, United Kingdom; 3) Roslin Institute and
Royal (Dick) School of Veterinary Studies, Edinburgh, United Kingdom.
Alternatives to traditional GWAS are needed to tackle complex associations
of inherited haplotypes and allelic heterogeneity. Here, we tested how using
family-based data and haplotype-based methods can provide additional
insights into genetic analysis. Analyses were performed in four population
isolate cohorts of Croatian or Scottish heritage (CROATIA-Vis, CROATIA-Kor-
cula, ORCADES and Viking Health Study Shetland) and Generation Scotland:
The Scottish Family Health Study (GS:SFHS), a family-based biobank from
the Scottish general population. These cohorts all have extensive pedigree
information, making them ideal for linkage analysis. Some of these cohorts
are also population isolates, which means individuals share longer haplotypes
derived from common ancestors. We performed variance component-based
linkage analyses, regional heritability and single SNP GWAS in these cohorts,
for measured quantitative traits of public health importance. Using linkage
analysis and regional heritability, we identified regions that were missed
by GWAS (in our own analyses and in published large consortium GWAS
meta-analysis). Some regions harbour genes whose expression patterns
and functions make them good candidates for follow-up. We will present two
such examples resulting from scans of alanine transaminase, a liver enzyme
associated with metabolic disease and intra-ocular eye pressure, a trait
associated with glaucoma. The studied cohorts range in size from 1000 to
20000 individuals with average family sizes ranging from 3 to 43 individuals.
Due to their family structures, both the 20000-individual Generation Scotland
cohort (average of 6 people per family) and the 2000-individual ORCADES
cohort (average of 43 people per family) have similar power to detect linkage,
showing that simply increasing sample size is not always the best solution to
increasing the power of these analyses.
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TreeLMM: Modelling heterogeneity of genetic effects. R. Moore'?, F.
Casale?, I. Barroso’, O. Steglez. 1) Wellcome Trust Sanger Institute, Hinxton,
Cambridge, United Kingdom; 2) European Bioinformatics Institute, Hinxton,
Cambridge, United Kingdom.

Genetic effects can vary between individuals. For example, the effect of
a genetic variant may depend on environmental exposure such as smoking
status, life style covariates, etc. However, widely used approaches to analyse
genotype-phenotype associations commonly assume that genetic effects are
identical across all samples within a cohort. One approach to address these
differences in genetic effects is to divide the samples into distinct groups and
then either perform analyses for individual groups followed by meta analysis
or conduct multi-trait modelling, for example using linear mixed models. Such
approaches can result in a prohibitive numbers of groups, with small sample
sizes, that are not fully independent of one another. Hence, both independent
analyses and existing multi-trait models do not fully leverage the structure in
the data. Here, we propose TreeLMM, an approach that explicitly accounts
for heterogeneity in effect sizes and group structure. This is achieved by
defining a prior on effect sizes that encodes the similarity between the different
groups of individuals; these groups can contain just one individual. The
method uses score tests ensuring that it is efficient and in principle enables
the analysis of thousands of samples and arbitrary numbers of groups. To
illustrate our approach, we have applied the method to perform eQTL mapping
in 44 tissues made available through the GTEx project. We have leveraged
expression profiles to estimate similarities and mapped cis-eQTLs across the
cohort of 7,051 samples. Compared to independent modelling and methods
that ignore heterogeneity in effect size, we identify a 2-fold and 4-fold increase
respectively in the number of independent variants that are associated with
gene expression changes. Additionally, our model allows for estimating pos-
terior probabilities of the effect of genetic variants in individual tissues. This
approach gives a powerful handle on dissecting tissue-specific effects as well
as secondary association signals.

532w

Missing genetic interactions result in prediction bias at the extremes

of risk for time-to-event models. D. Soave?, L.J. Strug?'. 1) University of
Toronto, Toronto, Ontario, Canada; 2) The Hospital for Sick Children, Toronto,
Ontario, Canada.

Background: Risk prediction models can translate genetic association
findings to inform clinical decision-making. Most models are evaluated on their
ability to discriminate, and the calibration of risk-prediction models is largely
overlooked in applications. Models that demonstrate good discrimination in
training datasets, if not properly calibrated to produce unbiased estimates of
risk, will generally perform poorly in new patient populations. Poorly calibrated
models arise due to missing covariates, such as genetic interactions that in
many instances are unknown or not measured. Methods: We demonstrate
that models omitting interaction effects can lead to increased bias in predicted
risk for patients at the tails of the risk distribution; i.e those patients who are
most likely to be affected by clinical decision making. We propose a new cali-
bration test for Cox risk-prediction models for time-to-event data that leverages
additional power from bias in risk estimates at the extremes of the risk distri-
bution. Our test aggregates martingale residuals for subjects from extreme
high and low risk groups with a test statistic maximum chosen by varying
which risk groups are included in the extremes. We show how to estimate
the empirical significance of our test statistic by simulating from a Gaussian
distribution using the covariance matrix for the grouped sums of martingale
residuals. Results: A simulation study shows our new test maintains control of
type 1 error and demonstrates improved power over conventional goodness-
of-fit tests when risk prediction is poorest at the tails of the risk distribution. We
apply our method in the development of a prediction model for onset of cystic
fibrosis-related diabetes. Conclusions: Our study highlights the importance of
assessing both calibration and discrimination in the development of predictive
time-to-event models, and we show our new test to be a useful, complimentary
tool in the assessment of risk model calibration.
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An efficient gene-gene interaction test for rare variants in case-control
studies. R.H. Chung, C.Y. Kang. National Health Research Institutes, Zhunan,
Taiwan.

Gene-gene interaction can play an important role in complex disease etiolo-
gy. With the advancement of next-generation sequencing, many rare variants
have been discovered. Current gene-gene interaction tests for disease studies
are mainly developed for common variants. A few gene-gene interaction tests
accounting for rare variants are available. However, they tend to be compu-
tationally intensive and may not be applicable to genome-wide gene-gene
interaction analysis. Therefore, an efficient gene-gene interaction test for rare
variants in disease studies is desirable. We developed a powerful and efficient
gene-gene interaction test based on the goodness-of-fit (GOF) test statistic
(iGOF). For a pair of SNPs, two 3 by 3 genotype tables are created with the
observed genotype counts in cases and controls, respectively. Based on the 3
by 3 tables, the GOF statistic is calculated as the sum of differences in counts
between the observed and expected genotype counts, each squared and
divided by the expectation, under the null hypothesis of no interaction. The
observed and expected counts from cases and controls both contribute to the
statistic. For a pair of genes, the algorithm includes several steps: (1) assign
SNPs with minor allele frequencies less than 5% to the genes; (2) exclude
SNP pairs with minor allele counts in cases less than those in controls; (3)
calculate the GOF statistics for the remaining pairs of SNPs between the two
genes; (4) calculate the iGOF statistic, which is the sum of the GOF statistics;
(5) permute the case and control status and calculate the p-value. We used
simulations to demonstrate that the iGOF test has correct type | error rates
under various scenarios. We also used simulations to compare the power of
iGOF with other interaction tests considering rare variants, including SPAr,
KBAC, and SKAT. The results suggest that iGOF has more power than other
tests under most of the scenarios. To improve the performance of the iGOF
test, the iGOF statistic is approximated by a chi-square distribution; permu-
tations will only be performed if the p-value from the chi-square distribution
is less than a pre-specified threshold. Moreover, permutations are performed
based on the genotype tables stored in memory, which significantly reduces
the run time. In conclusion, we developed a powerful and efficient gene-gene
interaction test for rare variants in case-control studies using sequencing data.

534F
A novel and efficient study design to test parent-of-origin effects in
family trios. R. Feng, X. Yu. Department of Biostatistics & Epidemiology,
University of Pennsylvania, Philadelphia, PA.

Increasing evidence has shown that certain genes affect various prena-
tal, neonatal, and pediatric diseases differently depending on their parental
origins. Parent-of-origins have been accommodated in genetic models to
improve the power of detecting disease-associated genes and partially recover
missing heritability. In many genetic studies, children’s DNA samples were col-
lected for initial testing and their parents contributed their own DNA samples
for further investigations. Nowadays, next-generation sequencing (NGS) is of-
ten done on children’s DNA samples to search for common and novel variants
responsible for diseases. However, the cost of NGS of their parents is general-
ly not affordable to all investigators, making the assessment of parent-of-origin
effects impossible. Motivated by the reality, we proposed a new study design
collecting children’s NGS data, in combination with the parental genotypes ob-
tained from the traditional genotyping array, at a fractional cost of sequencing
all family members. We developed a powerful and efficient likelihood-based
method, which incorporates both sequence alignments and linkage disequilib-
rium into inferring the parental origins of children’s alleles and estimating their
effect on the disease phenotype. We evaluated the performance of our method
and compare with existing genotype-based methods using simulations. With a
common read length of 100 base pairs, our method showed improved power
over a haplotype-based method using SNP data only. When either read depth
or pair-end length increased, our method achieved optimal power closer to an
ideal test that assumed known parental origins of children’s alleles. With its
flexibility to accommodate missing genotypes, our method is also helpful to
recover the power lost due to missing single parent’s DNA.
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Heterozygosity rate is not a good quality check metric in association
studies of admixed populations. A. Gaye’, S. Davis’, G. Gibbonsz. 1)
NHGRI, NIH, Bethesda, MD., USA; 2) NHLBI, NIH, Bethesda, MD., USA.
BackgroundHeterozygosity rate and genotype failure rate are routinely
used to identify samples with low DNA quality at the data quality control stage
of genetic association studies. Excessive heterozygosity rate may indicate
sample contamination whilst a reduced heterozygosity rate could indicate
inbreeding. Samples with heterozygosity > 2-3 standard deviations from the
mean heterozygosity are routinely excluded from genetic case-control studies.
We show that for admixed populations this leads to the exclusion of good
quality samples because outlying heterozygosity might just be due to par-
ticular ancestry composition.MethodsWe conducted admixture and principal
component analyses of two African American datasets together with data from
the 1000 Genome Project. We first calculated the observed heterozygosity
rate per individual and identified heterozygosity outliers. We the used the
algorithm ADMIXTURE, a model-based approach, to estimate the fraction of
global ancestry from each of the populations (admixed, African and European
populations). We subsequently plotted the PCA results and identified heterozy-
gosity outliers whose ancestry composition causes them to cluster away from
the admixed group.ResultsIn this work we confirmed that heterozygosity rate
is valid a QC metric to identify sample that should be excluded from a genetic
association study. However, we have also showed that heterozygosity rate
can be misleading if used in studies of admixed groups because samples that
have a genetic diversity relatively different from that of the majority of the study
participants are flagged as outliers to exclude. Therefore we will recommend
carefully checking the ancestry composition of samples away from the mean
heterozygosity at the QC stage to ensure valid samples are not incorrectly
discarded particularly in settings where sample size is limited and where each
exclusion has a greater impact on power than in large studies.

536T

Single-marker tests using a new joint modeling approach of multiple
traits outperform current single- and multi-marker tests in rare variant
association studies. S. Konigorski'?, Y.E. Yilmaz>**, T. Pischon*s¢. 1) Depart-
ment of Molecular Epidemiology, Max Delbriick Center for Molecular Medicine
in the Helmholtz Association, Berlin, Germany; 2) Department of Mathe-
matics and Statistics, Memorial University of Newfoundland, St. John’s, NL,
Canada; 3) Discipline of Genetics, Faculty of Medicine, Memorial University
of Newfoundland, St. John’s, NL, Canada; 4) Discipline of Medicine, Faculty
of Medicine, Memorial University of Newfoundland, St. John’s, NL, Canada;
5) Charité Universitatsmedizin Berlin, Germany; 6) DZHK (German Center for
Cardiovascular Research) partner site Berlin, Germany.

Investigating the role of rare variants in complex phenotypes has received
increasing interest in recent years. Yet, the low statistical power of rare variant
association tests remains one of the main challenges and it is an open ques-
tion which statistical methods are the most powerful. Much focus has been
on multi-marker tests, which combine the rare variants’ information in a given
region and test the association of the region with the phenotype. There is a
common belief that they are more powerful than single-marker tests, which
test the association of each marker separately. However, different hypotheses
are tested in the two approaches, which has to be considered for any compar-
ison and conclusion as to which method has highest power, but is lacking from
the literature. In this study, based on the underlying hypotheses considered
for each type of test, we describe a framework to compare their empirical
type | error and power and conduct extensive simulation studies. In addition,
we propose a new single-marker test obtained through a copula-based joint
analysis of multiple traits of a phenotype (C-JAMP) to increase the power of
standard single-marker tests. The results demonstrate that the power to iden-
tify causal loci depends largely upon whether the research interest is limited to
conclusions on the gene/region level or seeks to reveal causal variants, and
that previous comparisons have been misleading. We show that in a number
of realistic situations, standard single-marker tests lead to more powerful
association tests than multi-marker tests when the same genetic locus is
investigated. Furthermore, C-JAMP allows increasing the power for identifying
functional loci significantly, and is able to identify 2 or 3 times more causal loci
compared to both standard single-marker tests and popular multi-marker tests.
It uses the information contained in the association between different traits and
allows building more biologically meaningful modeling approaches. Hence, we
suggest modeling multiple dependent traits and performing single-marker tests
instead of aggregating rare variants in a region and performing multi-marker
tests.
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Increasing the probability that a finding is genuine for next-generation
sequencing studies. W. Lin, J. Li. Institute of Epidemiology and Preventive
Medicine, National Taiwan University, Taipei, Taiwan.

With the advancement of next-generation sequencing technology, search-
ing for rare causal variants (minor allele frequency < 1%) gradually becomes
possible. However, the statistical power for detecting individual rare causal
variants is very low due to the extreme sparsity. Most analysis approaches
strengthen the association signals by aggregating the information of multiple
rare variants in a gene/region. The BURDEN test and the sequence kernel
association test (SKAT) are two commonly used methods for rare-variant
association analyses. If we find an association for a gene/region with a pheno-
type, the next important step is to pinpoint individual rare causal variants from
among a large number of variants within the region. To this end, statistical
approaches such as the BE (backward elimination) procedure and the ADA
method (‘adaptive combination of P-values method’), have been proposed. It
has been shown that the signal-to-noise ratio of variants identified by ADA is
larger than that of variants identified by BE. In this study, we develop an ADAQ
approach (‘adaptive combination of Q-values method’) to further increase
the probability that a finding is genuine. With synonymous / non-synonymous
annotations for variants, we first allocate all variants into a non-synonymous
group and a synonymous group, and transform two groups of per-site P-val-
ues into Benjamini-Hochberg Q-values, respectively. We then remove the
variants with Q-values larger than the optimal Q-value truncation threshold,
which are more likely to be neutral. The optimal Q-value truncation threshold
is searched through our ADAQ algorithm. Comprehensive simulations have
shown that ADAQ produces an even larger signal-to-noise ratio than ADA.
Moreover, we applied ADAQ to the Genetic Analysis Workshop 17 (GAW
17) data sets. It controls the number of false positives more effectively and
generates a larger signal-to-noise ratio than ADA. Therefore, we recommend
using ADAQ to pinpoint individual rare causal variants, when synonymous /
non-synonymous annotations for variants are available.

538W

Polygenic scores using summary statistics via penalized regression.
T.S.H. Mak’, R.M. Porsch?, S.W. Choi?, X. Zhouw?, P.C. Sham'23. 1) Centre for
Genomic Sciences, University of Hong Kong, Hong Kong; 2) Department of
Psychiatry, University of Hong Kong, Hong Kong; 3) State Key Laboratory of
Brain and Cognitive Sciences, University of Hong Kong.

Polygenic scores (PGS) summarize the genetic contribution of a person's
genotype to a disease or phenotype. They are useful in a wide variety of
analyses of genetic data. Many possible ways of calculating polygenic scores
have been proposed, and recently there is much interest in methods that
incorporate information available in published summary statistics. As there is
no inherent information on linkage disequilibrium (LD) in summary statistics,

a pertinent question is whether we can make use of LD information available
elsewhere to supplement such analyses. To answer this question we propose
a method for constructing PGS using summary statistics and a reference
panel in a penalized regression framework, which we call lassosum. We also
propose a general method for choosing the value of the tuning parameter in
the absence of validation data. We then assessed the performance of lasso-
sum, with a particular emphasis on whether the use of a ““'wrong" reference
panel can negatively impact the predictive power of the PGS, and whether it is
beneficial to combine lassosum with the method of clumping when faced with
summary statistics of a large number of SNPs. Results from our study suggest
that lassosum is faster and more robust than other similar methods in almost
all scenarios. They also suggest that accounting for LD with a reference panel
is beneficial only when the signals from the data are strong. Using a ““wrong"
reference panel can impair the performance of the PGS when signals are
strong and correlated with one another. In the presence of summary statistics
from a large number of SNPs, clumping may both enhance or decrease the
performance of standard PGS, although its effects on lassosum is attenuated.
lassosum combined with pre-filtering by clumping appears to be a robust and
reliable option for calculating predictive PGS.
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Properties of global and local ancestry adjustments in genetic associa-
tion tests in admixed populations. E. Martin', I. Tunc?, Z. Liu', A. Beecham,
G. Beecham'. 1) Dr. John T. Macdonald Department of Human Genetics,
University of Miami Miller School of Medicine, Miami, FL; 2) Bioinformatics and
Systems Biology, National Heart Lung and Blood Institute, National Institutes
of Health, Bethesda MD.

Population substructure can lead to confounding in genetic association tests
and failure to adjust properly can result in spurious findings. Genetic ancestry
can be measured on a global level, e.g., with principal components, or on a
local level for regions across the genome. Recent reports have considered
whether it is preferable to adjust for local or global ancestry, but the conclu-
sions depend highly on the model for population structure and trait/disease
model. Here, we formally address the question of confounding by ancestry,
express regression parameters in terms of population genetics parameters
to clarify hypotheses from adjusted and unadjusted models, and consider
questions of relative power. We examine theoretical expectations to show
population substructure scenarios under which we might expect confounding,
and to show the consequence of ancestry adjustment to genetic association
tests. Theoretical calculations were verified and generalized using simula-
tions. We show that in a single admixed population, testing the trait locus itself
does not lead to confounding by ancestry so it is not necessary to adjust, and
in fact adjusting tends to decrease power. However, when testing a marker
locus, both global and local ancestry can be confounders. We show that
the genetic parameter of adjusted and unadjusted models provides different
tests for linkage disequilibrium (LD): the unadjusted model tests for LD in the
admixed population, while the local-ancestry adjusted model tests for LD in
the ancestral populations. As such, it is recommended that global ancestry
adjustment be used for initial screening and that local ancestry for fine-map-
ping. Similar conclusions hold in stratified admixed populations. We further
show how parameters relate to the fixation index Fsr (a measure of population
diversity), which allows us to discuss results in the context of existing admixed
populations.

540F

BinomiRare: An efficient and robust test of the association of a rare-vari-
ant with a disease, for pooled and meta-analyses. T. Sofer. Biostatistics,
University of Washington, Seattle, WA.

Most regression-based tests of the association between a low-count variant
and a binary outcome do not protect type 1 error, especially when tests are
rejected based on a very low significance threshold. Exception is the Firth test
that corrects for biases in the asymptotic properties of the logistic regression
model. However, even the Firth test may not control type 1 error well when
combining multiple case-control studies via meta-analysis, and it may suffer a
substantial loss of power. The problem is exacerbated when the case-control
proportions differ between studies. We propose a novel test, BinomiRare,
which only requires modeling of the disease risk, independently of the variant,
and avoids the calibration problem of other regression-based tests. Disease
probabilities are adjusted to confounders using regression models. We quan-
tify the strength of association between a variant and the disease based on
the departure of the number of diseased individuals carrying the variants from
the expected distribution of disease probability under the null hypothesis of no
association between the disease and the variant. We use the Poisson-Bino-
mial distribution to obtain p-values. To meta-analyze the test across multiple
cohorts, each cohort provide the disease probabilities of all carriers of the
variant of interest and the number of diseased individuals among the carriers.
BinomiRare is computationally quick, and faster than the Firth test. It controls
type 1 error in both pooled and meta-analysis, even when the case-control
proportions differ between the studies. It is more robust than regression-based
tests due to fewer assumptions, and thus less prone to false positives. We
demonstrate the test in studying the association of rare variants with asthma
in the Hispanics Community Health Study/Study of Latinos (HCHS/SOL). The
proportion of asthma cases varies substantially between the HCHS/SOL'’s
ethnic groups, from 4% in Mexicans, to 26% in Puerto-Rican. The BinomiRare
test results are similar to the results of the Firth test on the pooled cohort, both
when the entire pooled sample is analyzed together, and when the dataset is
stratified by ethnic group and than meta-analyzed (correlation 0.93 between
Firth and BinomiRare p-values). In comparison, meta-analyzing Firth test
results across ethnic group results in substantial differences (correlation 0.30
between Firth on stratified and on pooled data), and evidence of inflation
(genomic control lambda = 1.32).
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Smooth-threshold multivariate genetic prediction with unbiased model
selection. M. Ueki’, G. Tamiyaz. 1) Biostatistics Center, Kurume University,
Kurume, Fukuoka, Japan; 2) Tohoku Medical Megabank Organization, Tohoku
University, Aoba-Ku, Sendai, Miyagi, Japan.

We develop a new genetic prediction method, smooth-threshold multivariate
genetic prediction, using single nucleotide polymorphisms (SNPs) data in ge-
nome-wide association studies (GWASs). Our method consists of two stages.
At the first stage, unlike the usual discontinuous SNP screening as used in
the gene score method, our method continuously screens SNPs based on
the output from standard univariate analysis for marginal association of each
SNP. At the second stage, the predictive model is built by a generalized ridge
regression simultaneously using the screened SNPs with SNP weight deter-
mined by the strength of marginal association. Continuous SNP screening by
the smooth thresholding not only makes prediction stable but also leads to a
closed form expression of generalized degrees of freedom (GDF). The GDF
leads to the Stein’s unbiased risk estimation (SURE), which enables data-de-

pendent choice of optimal SNP screening cutoff without using cross-validation.

Our method is very rapid because computationally expensive genome-wide
scan is required only once in contrast to the penalized regression methods
including lasso and elastic net. Simulation studies that mimic real GWAS data
with quantitative and binary traits demonstrate that the proposed method out-
performs the gene score method and genomic best linear unbiased prediction
(GBLUP), and also shows comparable or sometimes improved performance
with the lasso and elastic net being known to have good predictive ability

but with heavy computational cost. Application to whole-genome sequencing
(WGS) data from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) ex-
hibits that the proposed method shows higher predictive power than the gene
score and GBLUP methods.

542T

Quantifying the extent to which index event biases influence large ge-
netic association studies. H. Yaghootkar, M.P. Bancks?, S.E. Jones', A. Mc-
Daid**, R. Beaumont', L. Donnellys, A.R. Wood', A. Campbells, J. Tyrrell’, L.J.
Hocking’, M.A. Tuke', K.S. Ruth’, E.R. Pearsons, A. Murray', R.M. Freathy’,
P.B. Munroe®s, C. Hayward, C. Palmers, M.N. Weedon’, J.S. Pankow?, T.M.
Frayling', Z. Kutalik**. 1) Genetics of Complex Traits, University of Exeter
Medical School, University of Exeter, Exeter, U.K; 2) Division of Epidemiology
and Community Health, University of Minnesota, Minneapolis, Minnesota,
U.S.A; 3) Institute of Social and Preventive Medicine, Lausanne University
Hospital, 1010, Switzerland; 4) Swiss Institute of Bioinformatics, Lausanne
1015, Switzerland; 5) Division of Cardiovascular & Diabetes Medicine, Medical
Research Institute, University of Dundee, Dundee, Scotland, U.K; 6) Gener-
ation Scotland, Centre for Genomic and Experimental Medicine, Institute of
Genetics and Molecular Medicine, University of Edinburgh, Western General
Hospital, Crewe Road, Edinburgh, U.K; 7) Institute of Medical Sciences, Uni-
versity of Aberdeen, Aberdeen, U.K; 8) Clinical Pharmacology, William Harvey
Research Institute, Barts and The London School of Medicine and Dentistry,
Queen Mary University of London, London, U.K; 9) NIHR Barts Cardiovascular
Biomedical Research Unit, Barts and The London School of Medicine, Queen
Mary University of London, London, U.K; 10) Generation Scotland, MRC Hu-
man Genetics Unit, Institute of Genetics and Molecular Medicine, University of
Edinburgh, Western General Hospital, Crewe Road, Edinburgh, U.K.

As genetic association studies increase in size to 100,000s of individuals,
subtle biases may influence conclusions. One possible bias is “index event
bias” (IEB), also called “collider bias”, caused by the stratification by, or en-
richment for, disease status when testing associations between gene variants
and a disease-associated trait. We first provide a statistical framework to ana-
lytically quantify and account for IEB in a study, where only summary statistics
are available. We then use a combination of real and simulated data to identify
and quantify real examples of IEB, including a single large study (120,000
individuals from the UK Biobank) and a meta-analysis of independent studies.
We observed evidence of biased associations for some disease alleles and
genetic risk scores, even in population-based studies. For example, a genetic
risk score consisting of type 2 diabetes variants was associated with lower
BMI in 113,203 type 2 diabetes controls from the population based UK Bio-
bank study (-0.010 SDs BMI per allele, P=5E-4), entirely driven by IEB. Three
of 11 individual type 2 diabetes risk alleles, and 10 of 25 hypertension alleles
were associated with lower BMI at p<0.05 in UK Biobank when analyzing
disease free individuals only, of which all but six hypertension alleles remained
associated at p<0.05 after correction for IEB. Our formula (implemented in R)
suggested that the associations between CCND2 and TCF7L2 diabetes risk
alleles and lower BMI could (at least partially) be explained by IEB. Variants
remaining associated after correction may be pleiotropic and include those
in CYP17A1 (allele associated with hypertension risk and lower BMI). The
formula suggested |EB could also mask a true pleiotropic association: the
type 2 diabetes risk allele at MTNR1B was associated in the UK Biobank with
higher BMI and this result strengthened on correction for IEB. The extent of
IEB depends on several factors including the association strength between the
trait being analysed and the disease, disease prevalence, sample size, and
the effect size and minor allele frequency of the disease associated variant.

In conclusion, IEB may result in false positive or negative associations in very
large studies stratified or strongly enriched for/against disease cases. Studies
examining the joint effect of multiple variants (for example in Mendelian
randomization studies) will be more prone to index event biases than those of
single variants.
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Statistical approaches to replicability crisis in genetic epidemiology. D.
Zaykin', O. Vsevolozhskayaz. 1) Dept Biostatistics, NIEHS/NIH, Res Triangle
Park, NC; 2) Dept. Biostatistics, U Kentucky.

Lack of replicability in science has been a recent concern. While the causes
are diverse, genetic epidemiology studies in particular are susceptible to
biases and errors introduced by the very nature of the statistical approach.
Despite the best intentions, important factors may be unknown, mis-mea-
sured, or modeled incorrectly. Still, there is also a question of whether most
commonly used approaches to analysis, such as significance testing are
inherently flawed. P-values go hand in hand with testing the unrealistic "point
null" hypothesis of complete lack of effect, and there are calls that their usage
should be abandoned. P-values are often misinterpreted as measures about
the hypothesis credibility while another line of criticism is itself statistical and
in the context of replicability refers to great variability of P-values in future
replication experiments, given a specific small P-value in a discovery study.
Despite their flaws P-values are ubiquitous and are here to stay. Fortunately,
when augmented with minimal additional information, P-values that result
from common statistical tests employed in genetic epidemiology can yield full
posterior distributions for the usual measures of effect sizes, such as odds
ratios and relative risks. The proposed method alleviates many shortcomings
of P-value and their usage, not the least of which is testing an implausible
hypothesis of complete absence of effect.

544W
Imputation of low frequency and rare coding variants in founder pop-
ulation improved by usage of whole exome sequence based reference
panel. |. Surakka'2, A.P. Sarin'2, K. Karczewski**, R. Durbins, D. MacArthurs+,
V. Salomaa?, A. Palotie'+¢7s, S. Ripatti*s*, SISu project group. 1) Institute for
Molecular Medicine Finland FIMM, Helsinki, Finland; 2) National Institute for
Health and Welfare, Helsinki, Finland; 3) Analytical and Translational Genetics
Unit, Massachusetts General Hospital, Boston, USA; 4) Program in Medical
and Population Genetics, Broad Institute of Massachusetts Institute of Tech-
nology (MIT) and Harvard, Cambridge, USA; 5) Wellcome Trust Sanger Insti-
tute, Hinxton, UK; 6) The Stanley Center for Psychiatric Research, The Broad
Institute of MIT and Harvard, Cambridge, Massachusetts, USA; 7) Psychiatric
& Neurodevelopmental Genetics Unit, Department of Psychiatry, Massa-
chusetts General Hospital, Boston, Massachusetts, USA; 8) Department of
Neurology, Massachusetts General Hospital, Boston, Massachusetts, USA; 9)
Department of Public Health, University of Helsinki, Helsinki, Finland.
Population specific reference panel improves imputation accuracy especially
for rare and low frequency variants, particularly in population isolates, such
as Finns. However, the gain in imputation precision has not been quantified
for sequence-based reference panels. We compared the imputation quality
between a Finnish population based sequence reference panel and global
reference panels from 1000 Genomes project (1000G) and the Haplotype
Reference Consortium (HRC). In addition, we evaluated the utility of extending
the Finnish low-coverage whole genome sequencing (WGS) panel (N = 1,941)
with a jointly called whole exome sequencing (WES) based reference panel
(N = 4,932) when imputing coding variation into our test dataset of 10,489
Finns with lllumina CoreExome genotypes. We masked all variation with
minor allele frequency (MAF) < 1%. Using the Finnish WGS reference panel
we saw a ~100% increase in the sensitivity (the number of high confidence
imputed exonic variants) in 0.1-0.5% allele frequency range compared to the
1000G panel. The HRC reference panel provided 7% more variants compared
to the Finnish WGS panel but with the cost of introducing 0.8% false positive
variant calls compared to 0.1% with the Finnish WGS reference panel. The
highest sensitivity we observed for the combined panel of 1000G and WGS.
However, the use of the combined reference panel introduced high number of
false positive variants with high imputation quality measures; over 3% of the
monomorphic variants observed in the test dataset imputed as polymorphic
with info > 0.7. By combining the WES panel with the population specific WGS
reference panel, we observed over 20% more high confidence imputed coding
variants in the 0.1-0.5% allele frequency range compared to the Finnish WGS
only panel. When looking at the imputation results of the polymorphic masked
variants we observed that especially in the lowest allele frequency range
(MAF < 0.1%) the population specific panels induced less false negative calls
and the percentage of well-imputed variation was larger than when using
the admixed reference panels. Our results highlight a problem of introducing
falsely polymorphic low frequency and rare variants when using dual panels
with different ancestries. In addition, our study shows that a population specific
WES based reference panel boosts considerably the imputation of rare and
low frequency coding variants.
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Correcting subtle stratification in summary association statistics. G.
Bhatia'2, N. Furlotte’, X. Liu', H.K. Finucane'+, A. Gusev'?, A.L. Price'z. 1) De-
partment of Epidemiology, Harvard T.H. Chan School of Public Health, Boston,
Massachusetts, USA; 2) Program in Medical and Population Genetics, Broad
Institute of MIT and Harvard, Cambridge, Massachusetts, USA; 3) 23andMe,
Inc. Mountain View, CA; 4) Department of Mathematics, Massachusetts Insti-
tute of Technology, Cambridge, Massachusetts, USA.

Population stratification is a well-documented confounder in GWAS. While
inclusion of PC covariates computed from common SNPs (SNP-PCs) often
provides an effective solution to stratification, it is not applicable post-hoc
to meta-analyses without access to individual-level data. In addition, this
strategy will not correct for subtle stratification that is not captured by SNP-
PCs. In analyses of summary statistics from 39 GWAS (mean sample size
n=89k), including 21 GWAS from 23andMe that used SNP-PC covariates,
we observed a significantly inflated LD score regression (LDSC) intercept for
several traits—suggesting that subtle, uncorrected stratification can be a major
concern, even when SNP-PC covariates are included. Here we propose a new
method, PC loading regression, to correct for stratification in summary statis-
tics by leveraging SNP loadings for PCs computed in a large reference panel.
In addition to SNP-PCs, the method can be applied to haploSNP-PCs, i.e.
PCs computed from a larger number of rare haploSNPs (haplotype variants
constructed using a 4-gamete test) that better capture subtle structure. Using
simulations based on real genotypes from 54k GERA individuals of diverse
European ancestry, we show that application of PC loading regression to
summary statistics computed without PC correction can effectively correct for
stratification along top PCs. Correcting for the top 4 SNP-PCs in GERA data,
we did not observe a significant reduction in LDSC intercept for 23andMe
summary statistics, which already included SNP-PC covariates. However,
when correcting for additional haploSNP-PCs in 23andme GWAS, inflation
in the LDSC intercept was eliminated for eye color, hair color, and skin color
and substantially reduced for height (1.34 to 1.16; n=430k individuals). After
correcting for SNP-PCs and haploSNP-PCs in GIANT height summary statis-
tics (Wood et al. 2014 Nat Genet), the LDSC intercept was reduced from 1.27
to 0.97 (n=250k individuals) consistent with no confounding after correction.
Many association signals were eliminated by this correction including all 11
genome-wide significant SNPs at the LCT locus, which is highly differentiated
among European populations and widely known to produce spurious signals
(Campbell et al. 2005 Nat Genet). Overall, our results suggest that subtle
stratification is a concern in GWAS of large sample size and that PC loading
regression can correct for this stratification.

546F

Improving transcriptome-wide association studies with gene-network
aided prediction of gene expression. D. Chang, A. Wuster, T. Behrens, R.
Graham, T. Bhangale. Genentech, South San Francisco, CA.

Several new methods have been developed to impute gene expression
data into GWAS cohorts where expression data is not routinely collected.
These methods use reference data, where genotype and expression data
are collected in the same individuals, to train models that predict expression
from genotype data. After applying the learned models to GWAS samples,
imputed expression can be associated with disease risk. These methods both
lower the multiple testing burden, and test a more direct hypothesis —is genic
transcription associated with disease risk? However, expression cannot be
reliably predicted from SNPs for many genes (genes with low heritability),
limiting the utility of these methods. Gene expression is often influenced by (or
correlated with) several other genes. We thus developed a new method that
uses SNPs predictive of expression for a given gene’s interacting partners to
improve overall prediction accuracy. We applied the method to an RNA-se-
quencing dataset of monocyte derived dendritic cells (Lee et al. Science 2014)
stimulated with influenza virus (N=183, training data) and interferon-beta
(N=165, test data). Genotypes were obtained from lllumina one million SNP
array, imputed using 1000 Genomes haplotypes. We first applied regularized
regression (Gamazon et al. Nature Genetics 2015), to obtain predictive mod-
els for each gene based on cis SNPs. Next we applied graphical lasso (huge
R package) to estimate the gene network from the gene expression data. Due
to the computational burden of this estimation, we first separated genes into
clusters based on correlated expression (WGCNA R package) and estimated
networks separately for each cluster. Finally, the expression level of a gene
was predicted based on cis SNPs of the gene and its interacting partners, and
the estimated correlation between genes in the network. Of the 7,118 robustly
expressed genes (RPKM>5), 6,379 genes were assigned to a cluster. Overall,
for genes with cis-predictive SNPs, we found the average correlation between
observed and predicted expression from cis SNPs alone to be 0.256, while for
our method it was 0.349. For 4,396 genes, expression could not be predicted
using cis SNPs as the regularized regression failed to include any SNP in the
model. However, their expression could be predicted using our method (mean
correlation=0.339). In conclusion, incorporating gene networks can improve
prediction accuracy and power when imputing gene expression into GWAS
datasets.
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Guidance for the utility of linear models in meta-analysis of genetic asso-
ciation studies of binary phenotypes. J.P. Cook’, A. Mahajan?, A.P. Morris'.
1) Department of Biostatistics, Farr Institute, Liverpool, Liverpool, United
Kingdom; 2) Wellcome Trust Centre for Human Genetics, University of Oxford,
Oxford, United Kingdom.

Linear mixed models (LMMs) are becoming increasingly popular for the
analysis of genome-wide association studies (GWAS) because they account
for relatedness and population structure via a kinship matrix. However, these
models assume that the outcome of interest is quantitative, and their prop-
erties for binary traits have not been widely investigated, particularly in the
context of meta-analysis. In this study, we performed simulations to compare
the performance of linear and logistic regression models under alternative
weighting schemes in a fixed-effects meta-analysis framework, considering
designs that incorporate variable case-control imbalance, confounding factors
and population stratification. Fixed-effects meta-analysis was undertaken
with inverse-variance weighting of effect sizes (implemented in GWAMA) and
effective sample size weighting of directed Z-scores (implemented in METAL).
We simulated three scenarios for case-control imbalance: (i) no imbalance
(1:1 ratio across all studies); (ii) moderate imbalance (variable ratio of 3:1 to
1:3 across studies); and (iii) extreme imbalance (variable ratio of 19:1 to 1:19
across studies). Within each set of simulations, comparisons were performed
at effect allele frequencies of 0.5, 0.2, 0.1, 0.05 and 0.01. Our results show
that linear models can be used for the analysis of binary traits, without loss of
power compared to logistic models, irrespective of the extent of case-control
imbalance, provided that one of the following meta-analysis schemes is used:
(i) effective sample size weighting of Z-scores; or (ii) inverse-variance weight-
ing of allelic effect sizes after conversion onto the log-odds scale. However, in
the presence of extreme case-control imbalance, there is a substantial loss in
power through application of inverse-variance weighting of allelic effect sizes
from the linear model, without conversion onto the log-odds scale. Our conclu-
sions are valid in the presence of binary confounder with moderate effect size
(odds-ratio <5) and extreme population structure through application of LMMs.
Our study has important implications for the design and analysis of GWAS,
and the utility of linear modelling approaches in large-scale meta-analysis of
complex binary traits.

548T

A fast and accurate algorithm to test for binary phenotypes and its appli-
cation to PheWAS. R. Dey, E. Schmidt, G. Abecasis, S. Lee. Department of
Biostatistics and Center for Statistical Genetics, University of Michigan School
of Public Health, Ann Arbor, MI.

We propose a fast and well-calibrated single variant test for binary pheno-
types with an application to Phenome-wide Association Studies (PheWAS).
The availability of electronic medical record (EMR)-based phenotypes allows
for genome-wide association analyses in thousands of traits, and has great
potential to identify novel genetic variants associated with clinical phenotypes.
We can interpret the 'PheWAS' result for a single genetic variant by observ-
ing its association across a landscape of phenotypes. Since PheWAS can
test 1000s of phenotypes, and many of the binary phenotypes are relatively
unbalanced (case:control=1:5) or often extremely unbalanced (case:con-
trol=1:600), existing methods cannot efficiently analyze them. For example,
score test, which is computationally efficient, can have highly inflated type |
error rates. Firth’s penalized likelihood ratio test is more robust for controlling
the type | error, but it is not scalable to handle large PheWAS datasets. Here
we propose a computationally fast score test based method that estimates
the distribution of the test statistic using the saddlepoint approximation. Our
method is much faster than Firth’s test (~10-100 times). It can also adjust for
covariates and control type | error rates even when the case-control ratio is
extremely unbalanced. Further, we extend our method to allow meta-analysis
by identifying a minimal set of statistics that can be shared across different
studies. We demonstrate superior performance of our method through exten-
sive simulation studies and apply it to a real data example from the Michigan
Genomics Initiative.
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Genome-wide association of 2,500 structural and functional brain imag-
ing phenotypes in the UK Biobank study. L.T. Elliott', F. Alfaro-Almagro?, M.
Jenkinson?, K.L. Millerz, S.M. Smithz, J. Marchini*?. 1) Department of Statistics,
University of Oxford, 24-29 St. Giles’, Oxford, OX1 3LB; 2) Oxford University
Centre for Functional MRI of the Brain (FMRIB), Oxford, OX3 9DU; 3) The
Wellcome Trust Centre for Human Genetics, Roosevelt Drive, Oxford, OX3
7BN.

Brain function, connectivity and structure are known to be heritable and
are important for the study of many human disease traits, but the localization
within the genome of the genetic variants driving this heritability has remained
elusive due to the sample size and quality of data required for this task. The
UK Biobank has collected genetic data on around 500,000 UK individuals, and
(to date) brain imaging data on 10,000 individuals, later to rise to 100,000. We
will present the results of a genome wide association study on the intersection
of the genetic and imaging datasets, which consists of 2500 brain imaging
derived phenotypes and up to 10,000 individuals genotyped at around 10
million polymorphic SNPs. The phenotypes include connection strengths be-
tween brain areas assessed during a resting state analysis, volumes of brain
structures and tissues, and microstructural white matter properties. Along
with univariate tests for association, we will report results from multi-phenotype
approaches that work on the phenotype-by-SNP summary statistic matrix,
thereby uncovering latent phenotypes with strong associations.
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Is selective inference more powerful in meta-, gene-based and pathway
analyses? E.T. Goossens', L. Sun2:. 1) Department of Statistics, Purdue Uni-
versity, West Lafayette, IN; 2) Department of Statistics, University of Toronto,
Toronto, ON; 3) Dalla Lana School of Public Health, University of Toronto,
Toronto, ON.

Statistical analyses of high dimensional data, including genetic association
studies, are often interested in combining evidence across multiple sources.
The most common setting is meta-analysis, in which p-values (or other types
of summary statistics) are combined across all studies to test the global null
hypothesis that there is no association. This agnostic (either fixed-effect or
random-effect) approach, however, may not be powerful when a proportion of
the studies have truly null effects. Selective inference (appropriately testing
parameters after some selection algorithm) has the potential to address
this issue, but requires explicitly accounting for inherent selection bias. We
propose a novel ordered-subset approach that simultaneously performs signal
selection and adjusts for selection bias. We derive the approximate distribution
for the test statistic under the null, and show the proposed method is accurate
in finite samples. The performance of this method depends on a combination
of factors: k, the total number of variables to be combined; k1 (k0), the number
of true (null) variables; and the corresponding signal strength. Compared
with traditional meta-analysis, our method improves power in the presence of
heterogeneity when kO/k1 is large and each signal is relatively weak. In the
absence of a mixture of null and non-null signals, we show the loss of power
is limited via a simulation study. We also employ our method in the regression
setting, illustrating its suitability for joint analysis of multiple SNPs in gene-
based association studies and multiple genes in pathway analyses.
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An independent component analysis framework for modeling confound-
ing factors in expression quantitative trait loci analysis. J. Ju'23, S. She-
noys, J. Mezey?*+. 1) Physiology, Biophysics and Systems Biology Graduate
Program, Weill Cornell Graduate School of Medical Sciences, New York, NY;
2) Institute for Computational Biomedicine, Weill Cornell Medical College, New
York, NY; 3) Department of Genetic Medicine, Weill Cornell Medical College,
New York, NY; 4) Department of Biological Statistics and Computational Biolo-
gy, Cornell University, Ithaca, NY.

Expression Quantitative Trait Loci (eQTL) studies provide valuable insights
into genetic mechanisms by identifying associations between genetic vari-
ations and gene expression. These types of analyses are complicated by
non-genetic factors that influence expression levels, such as sample-specific
environmental effects or technical effects related to differences between
laboratories and procedures, which often remain unaccounted for and can
potentially cause spurious correlations and reduce power to detect true as-
sociations. The importance of correcting for confounding factors is increasing
with the recent rise of consortium scale studies in which samples from various
populations are processed across multiple laboratories and have more poten-
tial sources of variation. Here we introduce CONFETI: CONfounding Factor
Estimation Through Independent component analysis, a method to correct
for non-genetic confounding variance in eQTL analysis. CONFETI uses Inde-
pendent Component Analysis (ICA) to estimate generative sources from the
observed data under the assumption that the data is a linear combination of
statistically independent components. These components can be individually
inspected for exploratory data analysis and can be further characterized as ge-
netic or non-genetic components. The similarity between samples is calculated
using a lower dimensional representation of the observed data constructed
with non-genetic independent components, which is subsequently incorpo-
rated in a linear mixed model framework for eQTL analysis. To evaluate the
performance of CONFETI, we compared it with published methods in synthetic
eQTL data and multiple human datasets. In simulations we introduced a mix of
sparse and Gaussian confounding factors and found that CONFETI most ac-
curately corrected the effects of sparse confounding factors, while being able
to separate genetic components from non-genetic components. We analyzed
multiple tissues from the Genotype-Tissue Expression (GTEx) consortium, and
evaluated the performance of different methods by measuring eQTL replica-
tion. We found the highest number of replicating eQTLs in similar tissues and
across different tissues using CONFETI.

552F

A powerful framework for combining heterogeneous data in genetic
association studies. C. Lee’, E. Eskin?s, B. Han'. 1) Department of Conver-
gence Medicine, University of Ulsan College of Medicine & Asan Institute for
Life Sciences, Asan Medical Center, 88, Olympic-ro 43-gil, Songpa-gu, Seoul
138-736, Korea; 2) Department of Human Genetics, University of California,
Los Angeles, Los Angeles, California 90095, USA; 3) Department of Computer
Science, University of California, Los Angeles, Los Angeles, California 90095,
USA.

Meta-analysis has become essential for combining genome-wide associ-
ation studies (GWASSs). Recent study designs of meta-analysis of GWASs
now combine different layers of information, such as different phenotypes
(multiple autoimmune diseases, psychiatric diseases, or expression lev-
els from different tissues), different ethnicities, and different environmental
interventions. In these study designs, it is important to account for heteroge-
neity, which refers to the effect size differences between datasets. Previously
developed meta-analysis methods including RE2 (Han and Eskin, AJHG 2011)
and ASSET (Bhattacharjee et al., AJHG 2012) can account for heterogeneity,
but it is unclear if they achieve optimal power. Here, we propose a powerful
method called RE3, which accounts for heterogeneity to obtain high power in
meta-analysis of GWASs. The core idea of RE3 is to utilize the observation
that the magnitude of heterogeneity likely lies within an expected range in
meta-analysis of GWASs. By focusing on the expected range of heterogeneity
in the newly designed statistic, RE3 can dramatically improve power compared
to our previous approach, RE2. We simulated different patterns of heteroge-
neity, and RE3 outperformed RE2 and ASSET in all simulated scenarios. Then
we performed a full literature search for publications that cited RE2 method,
and obtained meta-analysis input data from them, which can represent the
real patterns of heterogeneity. When we applied the methods to this real data
gathered without bias, RE3 consistently produced more significant p-values
compared with competing methods for all associated variants that we tested
(5.4 times smaller p-values on average). These results underscore that RE3
can potentially be a useful tool for future study designs that aggregates
different layers of information. Unlike other competing methods, RE3 is highly
efficient even for combining a large number of datasets; it only takes a day for
meta-analyzing a hundred GWASs. RE3 is freely available at http://software.
buhmhan.com/RES3.
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Modeling ancestry-dependent phenotypic variance reduces bias and
increases power in genetic association studies. S. Musharoff, D. Park’, S.
Huntsman', C. Eng’, E. Burchard'?, N. Zaitlen'. 1) Lung Biology, University of
California, San Francisco, San Francisco, CA; 2) Bioengineering and Thera-
peutic Sciences, University of California, San Francisco, San Francisco, CA.
Many complex human phenotypes vary dramatically in their distributions
between populations. Genetic association studies typically use estimates of
ancestry, such as principal components (PCs), as fixed-effect covariates to
prevent confounding caused by a dependence of phenotypic mean on ances-
try. However, the current gold standard approach approach of including PC
covariates in linear regression models (LR+PC) assumes that different pop-
ulations have the same phenotypic variance, which may not hold for recently
admixed populations. In this work we consider the possibility that populations
with differences in phenotypic mean also have differences in phenotypic
variance. First, we show this is the typical case under an additive genetic ar-
chitecture. Then, we develop ADGLM, a likelihood-based method based on a
double generalized linear model, to account for relationships between ancestry
and phenotypic variance in genetic association studies. In simulations, our test
ADGLM has better power than several linear regression tests that assume
equal variance across groups. We observe power increases of 12 - 66% and
obtain unbiased parameter estimates for data simulated with realistic effect
sizes and minor allele frequency differences of 0.45. Furthermore, we show
that the standard approach LR+PC can lead to inflation or deflation of p-values
for tests of genetic association when population phenotypic variances differ.
For example, simulated populations with minor allele frequencies of 0.05 and
0.5 produce test statistics with an inflation factor (lambdaGC value) of 1.56,
which ADGLM fixes. When applied to the Study of African Americans, Asthma,
Genes and Environments (SAGE), ADGLM find significant associations of
baseline lung function (FEV1) with global ancestry proportion when either sex
or BMI is a sole covariate. By contrast, LR+PC requires additional covariates
(age, sex, height, and weight) for significant associations. When applied to
GALA Il Puerto Ricans, ADGLM finds ancestry significantly associated with
mean methylation at 8 of ~320K genome-wide probes while LR+PC finds 1
significant association. ADGLM also finds 44 probes significantly associated
with methylation variance, which may be due to ancestry-associated environ-
mental effects. Overall, ADGLM finds more significant associations than linear
regression with PCs possibly because ancestry affects phenotypic variances
as well as phenotypic means, and is promising for other association studies.

554T

Statistical correction of the winner's curse explains replication variabil-
ity in quantitative trait genome-wide association studies. C. Palmer’,

1. Pe'er2. 1) Department of Systems Biology, Columbia University Medical
Center, New York, NY, USA; 2) Department of Computer Science, Columbia
University, New York, NY, USA.

Genome-wide association studies (GWAS) have identified hundreds of can-
didate SNPs putatively responsible for variation in human quantitative traits.
However, effect sizes are often small and replication can appear inconsistent,
leading to pervasive questions about the utility of the field as a whole. We
seek to validate the performance of GWAS discovery of SNPs by systematical-
ly evaluating replication efficiency across the field of human quantitative trait
genetics. We extract all 332 studies of quantitative, normally-distributed traits
from the NHGRI GWAS database that attempted replication of results, and
apply filters to find studies providing enough published data to perform power
calculations. We find that 229 of these studies fail to provide full information of
sample sizes, allele frequencies, or effect sizes for replicated and non-replicat-
ed SNPs. We find that, in 87 studies attempting replication of 1269 loci in sam-
ples with similar continental ancestry to the discovery population, discovery
and replication additive effect estimates are statistically indistinguishable once
adjusted for the winner's curse. Replication of 385 loci in 13 studies across
populations of different continental ancestry shows a detectable attenuation
of replication effect estimate for replication p-values below 1e-7, attributable
to linkage disequilibrium variation across distinct ancestries. We see no
systematic evidence for distinct behaviors of a given allele across different
samples beyond those attributable to LD interactions with tagged true variants.
Oultlier detection using predicted replication rate estimates can successfully
detect studies with clear study design failures unrelated to GWAS itself. Given
the evident reliability of replication in human quantitative trait biology, we
provide a tool that can diagnose systemic failures of study design by detecting
significant deviations from expected replication when considering any variable
replication p-value threshold.
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Cost-effective strategies for rare-variant genome-wide association
studies in the age of large reference panels. C. Quick, C. Fuchsberger, M.
Boehnke. Department of Biostatistics, University of Michigan, Ann Arbor, MI.
Rare variants (RVs) are hypothesized to be a major source of missing heri-
tability for complex diseases, establishing a need for efficient RV genome-wide
association study (GWAS) designs. While array genotyping and imputation
using a publicly available reference panel is cost-effective for detecting
association at common variants, this strategy is less effective for RV GWAS.
In particular, imputed genotyping array data only include RVs that are present
in the reference panel or assayed by the array, and imputation accuracy for
RVs is typically lower than for common variants. Here, we consider a hybrid
GWAS strategy in which a subset of study participants is whole-genome
sequenced and the remainder are array genotyped and imputed with a refer-
ence panel comprised of the sequenced study participants and an external
reference panel (for example from the 1000 Genomes Project (1000G) or
the Haplotype Reference Consortium (HRC)). We use analytic and simula-
tion approaches to compute GWAS power as a function of the numbers of
sequenced and array-genotyped study participants given a specified external
panel and complex disease model. We applied our approach to find optimal
numbers of study participants to sequence and array-genotype for a range of
complex disease models and external panel sizes given current sequencing
and array-genotyping costs. Our results show optimal hybrid strategies can
substantially increase GWAS power relative to sequence-only and array-only
strategies under a budget constraint when risk RVs of large effect contribute
substantially to disease heritability. Gains in GWAS power over an array-only
strategy decrease as external panel size increases; we discuss implications
of small versus increasingly large publicly available reference panels (e.g.,
1000G with ~1K samples versus HRC with ~33K samples) for cost-effective
RV GWAS strategies. Finally, we introduce a web-based power calculator with
flexible disease model and reference panel specification to facilitate identifying
cost-effective strategies and estimating sample size for RV GWAS.
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Combining patient electronic health information with genetic data to gain
novel biomedical insights. E. Schmidt', L. Fritsche?, S. Lee’, P. VandeHaar,
C. Scheller, C. Brummett:, S. Kheterpal’, G. Abecasis'. 1) Department of Bio-
statistics and Center for Statistical Genetics, School of Public Health, Universi-
ty of Michigan, Ann Arbor, MI; 2) K.G. Jebsen Center for Genetic Epidemiolo-
gy, Department of Public Health, NTNU, Norwegian University of Science and
Technology, Trondheim, Norway; 3) Department of Anesthesiology, University
of Michigan Medical School, Ann Arbor, MI.

The Michigan Genomics Initiative (MGI) is a collaborative research effort
among physicians and researchers at the University of Michigan (UM) with
the goal of combining patient electronic medical records (EMR) with genetic
data to gain novel biomedical insights. Patients undergoing surgery at the UM
Health System are invited to participate. The surgical procedural period pro-
vides a unique opportunity to collect patient biospecimens and enriched health
information. Together, these data offer a powerful resource for innovative
data analysis and discovery. Here we interrogate 7.7M common variants and
1,448 ICD-9 code-defined disease states to establish relationships between
the genome and a diverse set of EMR-based outcomes, providing a com-
prehensive resource for the biomedical and genetic research communities.
Blood samples from consenting surgical patients are collected and genotyped
at 270K common markers on the lllumina HumanCoreExome array, which
contains exome and custom GWAS content. Genotypes are imputed using the
Haplotype Reference Consortium reference panel, providing dense mapping
at over 7.7M common genetic markers. Phenotypes inferred from ICD-9
(International Classification of Disease, 9th edition) billing codes assigned
to patients during their hospital or clinic visits are translated into broader
‘PheWAS’ (phenome-wide association study) code groups of shared disease
etiology. The MGI cohort is enriched for cases with neoplasms including skin
cancer (n=2,359) and breast cancer (n=1,160), reflecting the specialties of the
UM hospital. In total, we perform genome-wide analyses in 18,267 unrelated
European individuals for 1,448 PheWAS codes with at least 20 cases, across
common variants with minor allele frequency > 0.01. We replicate several
well-known genetic associations at genome-wide significance including Factor
5 and thrombosis (P=4x10+), TCF7L2 and type 2 diabetes (P=2x10""), PITX2
and atrial fibrillation (P=3x10-), and FGFR2 and breast cancer (P=4x10%). In
addition, we examine the shared genetic effects among different related and
apparently unrelated traits, providing insight into relationships between traits
not previously studied. Finally, we expose potential limitations of using elec-
tronic billing data for research such as the misclassification of type 1 and type
2 diabetes. Associations for a total of 1,448 traits can be explored in dynamic
GWAS-to-PheWAS landscapes via our interactive browser at http://pheweb.
sph.umich.edu.
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Assessment and control of batch effects in genotyping Million Veteran
Program (MVP) subjects. N. Sun’2, M. L+, Y. Shic, H.S. Hunter-Zincke, J.
Huangs, C. Panss, J. Gelernter'”, T.L. Assimes®s, P.S. Tsao%¢, C.J. O'Donnell*,
E.R. Hauser®, S. Pyarajans¢, H. Zhao'? for MVP Genomic Working Group. 1)
VA Connecticut Healthcare System, West Haven, CT; 2) Yale School of Public
Health, New Haven, Connecticut; 3) VA Boston Healthcare System, Boston,
MA,; 4) University of Utah, Salt Lake City, UT; Johns Hopkins University,
Baltimore, MD; 5) VA Palo Alto Health Care System, Palo Alto, CA; 6) Stanford
University School of Medicine, Stanford, CA; 7) Yale School of Medicine, New
Haven, CT; 8) Harvard Medical School, Boston, MA; 9) Durham VA Medical
Center, Durham, NC; 10) Duke University, Durham, NC.

The Million Veteran Program (MVP) is an observational cohort study and
mega-biobank in the Department of Veterans Affairs (VA) health care system.
Like the Kaiser Permanente Research Program on Genes, Environment, and
Health (RPGEH) and UK biobank, MVP integrates electronic health records
with genomic laboratory testing data for all individuals. The first set of the
biological samples of MVP subjects were collected over a 3-year period
from over 50 different recruitment sites at the VA and processed at a central
biorepository using standard sample quality metrics for DNA quality to allow
genotyping. Duplicated samples were included to assess genotyping quality.
A custom Affymetrix Axiom MVP_1.0 array with 723,305 probe sets was
genotyped for 200,846 samples by two independent laboratories. In order to
produce high quality genotyping data, we analyzed evidence for batch effects,
which are well known to have a significant impact on genotype calling results.
The large MVP dataset provides the opportunity to identify the most important
experimental variables needed to adjust for technical and experimental varia-
tion when genotyping is performed over time and in different laboratories. We
performed ANOVA analysis on a total of 17 experimental conditions to identify
time and plate lot as the main factors affecting genotype calling variation.
Various batching strategies were compared using the genotyping calls ob-
tained from applying Affymetrix Power Tools (APT) and SNPolisher. The size
of each batch was controlled at 4000 to 5000 samples to optimize the calling
quality and the computational time of APT. The final 45 batches were identified
to maximize the number of recommended probe sets in common across
multiple batches, increase the concordance for duplicates within lab (>97%)
and between labs (>96%), and reduce the discordance fractions per paired
genotypes with at least one minor allele over duplicates. In this presentation,
we will describe our strategies to minimize batch effect for the mega-cohort of
MVP samples.
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Novel nonparametric test for multiple traits of sequencing data. X. Wang’,
H. Huangz. 1) University of North Texas, Denton, TX; 2) University of Wiscon-
sin-Milwaukee, Milwaukee, WI.

Pleiotropy, the effect of one variant on multiple traits, is a widespread phe-
nomenon in complex diseases. Joint analysis of multiple traits can not only in-
crease statistical power to detect disease susceptible genetic variants but also
improve our understanding of the etiology of complex diseases. Although the
cost of next generation sequencing (NGS) has been reduced, it is expensive
to detect rare variants, and typically requires large samples. Moreover, most of
the existing methods are parametric. These methods often assume parametric
models and particular probability distributions. However, for NGS data, those
assumptions may not be correct and it is typically difficult or impossible to
ascertain whether or not certain parametric assumptions are justifiable. There-
fore, parametric statistical methods can be very misleading. We developed
novel nonparametric statistical methods to efficiently detect rare variants for
multiple traits, which can not only be applied in large samples, but also work
well for small samples. To perform the proposed nonparametric method, we
first classified subjects into two categories; whether they carry rare variants
or not in a gene. We then employed a nonparametric test to find out whether
the two different categories differ significantly with regard to their risk. In this
study, we propose three different nonparametric tests: Dempster-ANOVA type,
Lawley-Hotelling type, and Bartlett-Nanda-Pillai type. To evaluate the perfor-
mance of the nonparametric tests, we conducted extensive simulation studies
with different underlying population distributions, namely, multivariate normal
traits, t-distributed traits, and Cauchy type of traits. We accessed the type |
error rates and compared the power of proposed tests with the existing test
MSKAT. The type | error rates of all three tests are under control with different
underlying population distributions, while MSKAT has inflated type | error rates
for t-distributed traits and Cauchy type of traits. When sample size is less than
800, the nonparametric methods are more powerful than MSKAT in most sce-
narios for multivariate normal traits and t-distributed traits. The proposed tests
are more powerful than MSKAT for Cauchy type of traits when the sample
size is 1000 though MSKAT has inflated type | error rate. Therefore, our new
methods are valid and powerful tests to detect rare variants for multiple traits
in next generation sequencing data.
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Imputation quality scores are poorer predictors of true quality for rare
than for common variants. P. Yajnik', C. Fuchsberger:, M. Boehnke'. 1)
Biostatistics - School of Public Health, University of Michigan, Ann Arbor, MI;
2) Center for Biomedicine, EURAC, Bolzano, Italy.

The advent of high-throughput DNA sequencing has made it possible to
assay nearly the complete spectrum of genetic variation. However, genome
sequencing remains expensive for large epidemiologic studies. Genotyping on
dense arrays followed by imputation is a cost-effective alternative to sequenc-
ing. Since genotype imputation is imperfect, imputation algorithms also output
a variant level quality score that is typically used to filter out variants believed
to have been imputed poorly. As with genotypes, the true quality of imputa-
tion is unknown and the quality scores are predictions of the true quality. The
quality scores are known to work well as classifiers of true imputation quality
for common variants (MAF = 5%). We study their classification properties for
low-frequency (0.5% < MAF < 5%) and rare variants (MAF < 0.5%). We im-
puted variants on chromosome 20 in 8800 participants recruited from Finland
(METSIM study) using Minimac3 with the 1000 Genomes Phase 3 reference
panel and lllumina OmniExpress array as the backbone. Participants were
also genotyped with the lllumina Exome array. Exome array genotypes were
assumed to be true. 1206 imputed variants were also present on the Exome
array of which 54.1%, 24%, and 21.9% were rare, low-frequency, and com-
mon, respectively. True imputation quality (defined as the squared correlation
between imputed dosages and true genotypes) decreased with decreasing
MAF. The classification accuracy of the Minimac3 quality score (MachRSQ)
also decreased with decreasing MAF. The conventional cutoff of 0.3 used for
common variants resulted in a positive predictive value (probability that the
true r-squared exceeded 0.5 given that MachRSQ > 0.3) of 100%, 93.4%,
and 71.4% for common, low-frequency and rare variants, respectively. We
also observed that posterior genotype probabilities were miscalibrated for rare
variants; the observed proportion of heterozygotes and alternate homozygotes
was smaller than the respective imputed posterior probabilities. Finally, the
mean squared error between true quality and MachRSQ was larger for rarer
variants. The poorer performance of quality scores for rarer variants is partly
due to the larger proportion of poorly imputed variants. However, the larger
variance of prediction and bias due to miscalibrated posterior probabilities also
decreased classification efficiency. We use our results to recommend best
practices for evaluating and interpreting imputation quality metrics.
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Integrated enrichment analysis of genetic variants and biological path-
ways using GWAS summary statistics. X. Zhu', M. Stephensz. 1) Depart-
ment of Statistics, The University of Chicago, Chicago, IL; 2) Department of
Human Genetics, The University of Chicago, Chicago, IL.

Statistical analyses that integrate genome-wide association studies (GWAS)
with external genomic information, such as biological pathways, can increase
power and yields new biological insights. We develop a regression-based
approach to these analyses using GWAS summary statistics. Specifically,
we perform Bayesian multiple regression analysis by combining a likelihood
based on summary data (Zhu and Stephens, 2016) with a prior that incorpo-
rates pathway information (Carbonetto and Stephens, 2013). This combination
not only allows the discovery of enriched pathway, estimation of enrichment
level and prioritization of associated variants simultaneously, but also removes
the need for individual-level data. Within the regression framework, our meth-
od automatically accounts for linkage disequilibrium, whereas other methods
address this issue with extra complexity. We design a parallel variational algo-
rithm for large-scale inference. Indeed, using moderate computational resourc-
es, a single analyst can finish the integrated analysis of 1.1 million SNPs and
3915 pathways within 1.5 day. We apply our method to the summary data of
21 complex human traits. Our analyses confirm many published links between
pathways and phenotypes, including hedgehog signaling and adult height
(BF=2.4E36), ERK MAPK signaling and body fat distribution (BF=3.2E67),
IL23-mediated signaling and inflammatory bowel disease (BF=1.0E29), T
helper cell surface molecules and rheumatoid arthritis (BF=3.3E8), adipo-
cytokine signaling and type 2 diabetes (BF=2.7E55). Our analyses also
implicate several links that were not highlighted in earlier GWAS, such as
endochondral ossification (EO) and height (BF=3.0E63), S-Adenosyl-L-me-
thionine biosynthesis and Alzheimer’s disease (BF=3.3E88), synthesis of
phosphatidylserine and heart rate (BF=1.6E244), thyroid hormone metabolism
and myocardial infarction (BF=3.8E191). Moreover, our method uncovers
biologically relevant genes in the enriched pathways that were not identified in
previous analyses of the same data. For example, prioritization of EO genes
shows that a putatively novel locus contains at least 1 height-associated SNP
with posterior probability 1.00; in contrast, this probability is only 0.41 without
considering the pathway. This locus is not near any of the previous 697 GWAS
hits (dist