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Genome-wide Association Study
of Platelet Count Identifies Ancestry-Specific
Loci in Hispanic/Latino Americans

Ursula M. Schick,1/2:3.16 Deepti Jain,*¢ Chani J. Hodonsky,>¢ Jean V. Morrison,* James P. Davis,©¢
Lisa Brown,* Tamar Sofer,# Matthew P. Conomos,* Claudia Schurmann,?3 Caitlin P. McHugh,*
Sarah C. Nelson,* Swarooparani Vadlamudi,® Adrienne Stilp,* Anna Plantinga,* Leslie Baier,”
Stephanie A. Bien,! Stephanie M. Gogarten,* Cecelia A. Laurie,* Kent D. Taylor,3° Yongmei Liu,!©
Paul L. Auer,!! Nora Franceschini,® Adam Szpiro,* Ken Rice,* Kathleen F. Kerr,* Jerome I. Rotter,?
Robert L. Hanson,” George Papanicolaou,!? Stephen S. Rich,!3.14 Ruth J.E. Loos,23.15

Brian L. Browning,* Sharon R. Browning,* Bruce S. Weir,* Cathy C. Laurie,* Karen L. Mohlke,°
Kari E. North,>1¢ Timothy A. Thornton,*¢ and Alex P. Reiner!.16:*

Platelets play an essential role in hemostasis and thrombosis. We performed a genome-wide association study of platelet countin 12,491
participants of the Hispanic Community Health Study/Study of Latinos by using a mixed-model method that accounts for admixture
and family relationships. We discovered and replicated associations with five genes (ACTN1, ETV7, GABBR1-MOG, MEF2C, and
ZBTB9-BAKI). Our strongest association was with Amerindian-specific variant 15117672662 (p value = 1.16 x 10728 in ACTNI,
a gene implicated in congenital macrothrombocytopenia. 15117672662 exhibited allelic differences in transcriptional activity and pro-
tein binding in hematopoietic cells. Our results underscore the value of diverse populations to extend insights into the allelic architec-
ture of complex traits.

Introduction

Platelets are small, anucleate cells derived from megakaryo-
cyte cytoplasm in the bone marrow. Platelet production re-
sults from a series of tightly regulated processes that
require lineage commitment of hematopoietic stem cells
and leads to the proliferation, terminal differentiation,
and maturation of megakaryocytic progenitors. Studying
the genetic underpinnings of platelet count (PLT) can pro-
vide important insight into molecular mechanisms and
pathways involved in both normal and abnormal me-
gakaryopoiesis, which could ultimately have clinical impli-
cations for the treatment of bleeding or thrombosis in
individuals with a low (thrombocytopenia) or high
(thrombocytosis) PLT' or for the relationship between
PLT and cardiovascular or autoimmune disorders.*>
Circulating PLT in humans normally ranges between
150,000/ul and 400,000/ul. PLT differs by ethnicity, and
these ethnic differences do not appear to be explained by
environmental factors.”” Family-based studies have esti-

mated that a large component of the variability of PLT is
explained by genetic factors (h?> > 0.50).%'" To date,
approximately 60 PLT-associated genetic variants have
been identified through genome-wide association studies
(GWASs) in populations of European, Asian, and African
descent.” ™! ~1*

Hispanic and/or Latino (Hispanic/Latino) individuals
are a highly heterogeneous population with recent admix-
ture among indigenous Amerindian (primarily of South
and Central America, Mexico, and the Caribbean islands,
hereafter referred to as “Amerindian”), European, and
West African ancestral populations. Genetic factors
contributing to PLT among Hispanic/Latino populations
have not previously been characterized. Notably, certain
Mendelian platelet disorders are more common among
Hispanic/Latino individuals,'> suggesting the possibility
of population-specific genetic contributions to platelet-
related phenotypes. To further characterize the role of
genetic factors contributing to PLT in Hispanic/Latino
populations, we performed a GWAS in 12,491 participants
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in the Hispanic Community Health Study/Study of Latinos
(HCHS/SOL). We sought to identify genetic loci associated
with PLT and assess generalization of known loci from
other populations to this diverse sample of Hispanic/
Latino individuals.

Material and Methods

HCHS/SOL Population

The HCHS/SOL is a community-based cohort study of 16,415 self-
identified Hispanic/Latino persons aged 18-74 years and selected
from households in predefined census-block groups across four
US field centers (in Chicago, Miami, the Bronx, and San Diego).
The census-block groups were chosen to provide diversity among
cohort participants with regard to socioeconomic status and
national origin or background. The HCHS/SOL cohort includes
participants who self-identified as having a Hispanic/Latino
background; the largest groups are Central American (n =
1,730), Cuban (n = 2,348), Dominican (n = 1,460), Mexican
(n = 6,471), Puerto Rican (n = 2,728), and South American
(n = 1,068). The sample design and cohort selection have been
previously described.'® The HCHS/SOL baseline clinical exam-
ination'” occurred between 2008 and 2011 and included compre-
hensive biological, behavioral, and sociodemographic assess-
ments. This study was approved by the institutional review
boards at each field center, where all subjects gave written
informed consent.

Measurement of PLT and Exclusion Criteria in
HCHS/SOL

PLT was measured in EDTA whole blood with a Sysmex XE-2100
instrument, (Sysmex America) at the University of Minnesota
according to national and international standards and procedures.
Individuals pregnant at the time of blood draw; those with >5%
circulating blasts or immature cells, end-stage renal disease, or
any hematologic malignancy; and those undergoing chemo-
therapy for solid tumors were excluded from our analyses.

Genotyping and Quality Control in HCHS/SOL
Consenting HCHS/SOL subjects were genotyped at Illumina on
the HCHS/SOL custom 15041502 B3 array. The custom array
comprised the Illumina Omni 2.5M array (HumanOmni2.5-
8v.1-1) ancestry-informative markers, known GWAS hits and
drug absorption, distribution, metabolism, and excretion
(ADME) markers, and additional custom content including
~150,000 SNPs selected from the CLM (Colombian in Medellin,
Colombia), MXL (Mexican Ancestry in Los Angeles, California),
and PUR (Puerto Rican in Puerto Rico) samples in the 1000
Genomes phase 1 data to capture a greater amount of Amerindian
genetic variation.'®

We applied standardized quality-assurance and quality-control
(QA/QC) methods'’ to generate recommended SNP- and sample-
level quality filters. In brief, samples were checked for annotated
or genetic sex, gross chromosomal anomalies,”® relatedness®’
and population structure,”” missing call rates, batch effects, and
duplicate-sample discordance. At the SNP level, checks were per-
formed for Hardy-Weinberg equilibrium, minor allele frequency
(MAF), duplicate-probe discordance, Mendelian errors, and
missing call rate. These QA/QC procedures yielded a total of
12,803 unique study participants for imputation and downstream

association analyses. Of these, 12,491 met specific inclusion
criteria related to the study of PLT. A total of 2,232,944 SNPs passed
filters for both quality and informativeness (polymorphic and un-
duplicated) and became candidates for imputation and association
testing.

Imputation in HCHS/SOL

Genome-wide imputation was carried out with the full, cosmopol-
itan 1000 Genomes Project phase 1 reference panel (n = 1,092).*
The HCHS/SOL samples were imputed together with genotyped
SNPs passing the quality filter and representing unique genomic
positions on the autosomes and non-pseudoautosomal portion
of the X chromosome. Genotypes were first pre-phased with
SHAPEIT2 (v.2.r644) and then imputed with IMPUTE2
(v.2.3.0).>*?° Only variants with at least two copies of the minor
allele present in any of the four 1000 Genomes continental panels
were imputed. In addition to calculating the quality metrics
output by IMPUTE2, we also calculated “oevar” (the ratio of the
observed variance of imputed dosages to the expected binomial
variance) by using the MaCH imputation software.”® We assessed
overall imputation quality both by looking at the distribution of
imputed quality metrics across the MAF spectrum and by exam-
ining results from the IMPUTE2 internal masking experiments.
We performed downstream association analyses only on observed
variants passing quality filters and all imputed variants (a total of
27,887,661 variants), but we filtered the results on the basis of
imputation quality (oevar > 0.3) and MAF > 1%.

Linear Mixed-Effect Model for Association Testing in
HCHS/SOL

We analyzed PLT by using linear mixed-effect models (LMMs) to
account for the correlations due to genetic relatedness (kinship),
shared household, and block group between individuals. The
LMM used three independent random effects to model these three
sources of dispersion:

Vi = x] o+ i; + bix + bun + biy + €,

where y; is the square-root-transformed platelet value for individ-
ual i, x; is a vector of covariate values, « is the corresponding regres-
sion parameters, g;; is the j‘h SNP count, where g; is its estimated
effect, and by, by, and by, are the random effects corresponding
to kinship, household, and block group, respectively (indepen-
dent of each other and the error term ¢;), of person i. Within the
LMM framework, by, (byp) is the same among individuals who
live in the same household (block group); for two individuals
i and /, the correlation between by and by is given by their
estimated kinship coefficient.”” The covariates included sex, age,
principle components (PCs), recruitment center, smoking, log of
sampling weight, and genetic-analysis group (a six-level catego-
rical variable derived from self-identified background). With
square-root-transformed PLT, the null-model residuals, given by
6=y — xa — 8ii6;, were approximately normally distributed
and thus compatible with modeling assumptions. We evaluated
the goodness of fit of the LMM by using quantile-quantile plots
comparing residuals and estimated random effects to a normal dis-
tribution and scatter plots describing the relationship between
model residuals and covariates.

Ancestry and Relatedness Adjustment in HCHS/SOL
We adjusted analyses for five PCs to prevent spurious association
due to population stratification. Analyses accounted for familial
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relatedness (kinship) by using a random effect with correlation
structure specified by pairwise kinship coefficients for preventing
inflation of test statistics. The PCs and kinship coefficients were
estimated simultaneously with an iterative procedure, alternating
between PC-AiR** (which provides PCs robust to familial related-
ness) and PC-Relate”' (which estimates kinship coefficients robust
to population structure, admixture, and non-random mating).
PC-AiR uses relatedness estimates to identify a mutually unrelated
subset of individuals representative of the ancestral diversity of the
entire sample, performs PCA on this unrelated subset, and predicts
PC values for the remaining individuals. PC-Relate uses PCs to
account for genetic similarity due to shared ancestry and provide
accurate estimates of kinship coefficients due to familial related-
ness. We performed three iterations, each of which used
~150,000 linkage-disequilibrium (LD)-pruned SNPs.*®

SNP-Based Heritability Estimation in HCHS/SOL
Genetic (kinship) and shared environmental (household) effects
were estimated from a variance-component analysis that used all
genotyped SNPs with MAF > 1% (~1.7 million) and a subset of
10,093 individuals estimated to be more distant than fourth-de-
gree relatives (i.e., for whom all pairwise kinship coefficient
estimates from PC-Relate were less than 2712 = 0.022). Including
close relatives in the analysis can lead to inflated heritability
estimates as a result of their increased phenotypic correlations
due to other factors such as shared environmental effects.”’ How-
ever, the availability of current household membership data
in HCHS/SOL made it possible that the variance-component
model could at least partially account for shared environmental
effects; therefore, the analysis was repeated with all 12,491 study
individuals.

Estimation of SNP Alleles and Allelic Frequencies
among Ancestral Populations

We compared allele frequencies of PLT-associated index SNPs
across ancestral Hispanic/Latino populations by using data from
phase 3 of 1000 Genomes.”* We used the R*' exactci package to
calculate exact p values and matching 95% confidence intervals
(CIs) for each sub-population from the binomial distribution.*°
We also examined whether the derived alleles at our PLT-associ-
ated index SNPs were present in other ancestral human or Amerin-
dian populations by using published whole-genome sequence
data from Neandertal and Denisovan archaic human sam-
ples**** and Papua New Guinea samples.**

Replication of Discovery Loci in Independent
Hispanic/Latino Samples

To replicate association findings in Hispanic/Latino samples, we
used 1000 Genomes imputed GWAS data available in three addi-
tional Hispanics/Latinos samples, including 3,454 from the
Women’s Health Initiative (WHI) SNP Health Association
Resource (SHARe) project,®® 782 from the Multi-Ethnic Study of
Atherosclerosis (MESA) cohort,>*3” and 2,854 from Mount Sinai
BioMe Biobank.*® WHI-SHARe and MESA participants were geno-
typed with the Affymetrix 6.0 chip, and imputation was per-
formed with MaCH.?® BioMe participants were genotyped with
the [llumina HumanOmniExpressExome-8 v.1.0 chip, and impu-
tation was performed with IMPUTE2?*?° in 1000 Genomes phase
1 data (March 2012 v.3). Association testing for typed or imputed
SNPs was performed by linear regression of square-root-trans-
formed PLT adjusted for age, sex, and PCs.

Meta-analysis and Replication Significance Criteria
Meta-analysis of results from the three replication cohorts for PLT
and mean platelet volume (MPV) was performed with the inverse-
variance-weighted method implemented in METAL.*” To declare
significance for replicated PLT loci, we used Bonferroni correction
for the six variants carried forward for a significance threshold of
p value < 0.0083.

Admixture Mapping in HCHS/SOL

We implemented a conditional-random-field-based approach,
RFMix,*? to infer local ancestry at a set of 236,456 SNPs in com-
mon between the HCHS/SOL and reference-panel datasets. We
used selected populations from HGDP,*! HapMap 3,** and 1000
Genomes* phase 1 to use as a reference panel for detecting Euro-
pean, West African, and Amerindian ancestry. REMix requires
phased data with no missing genotype values. BEAGLE (v.4) was
employed for phasing and imputation of sporadic missing geno-
types in the HCHS/SOL and reference-panel datasets.** Admixture
mapping is a powerful gene-mapping approach that relies on
allele-frequency differences across ancestral populations and the
existence of an association between the causal variant and pheno-
type to identify an association. Using the local-ancestry estimates,
we performed a genome-wide admixture-mapping scan by using a
LMM*® with a joint test for all three ancestries (European, African,
and Amerindian). As a secondary analysis, we performed admix-
ture mapping to test Amerindian against any other ancestry
because a priori we were interested in Amerindian ancestry within
HCHS/SOL because it has not been well studied in previous admix-
ture-mapping studies. Covariate and ancestry adjustment used in
the analyses is described above. The recent history of admixture
gives rise to long-range correlation in local-ancestry values across
the genome, and thus the critical value for the genome-wide sig-
nificance level of admixture mapping is substantially lower than
that for the genotype test. On the basis of previous simulation
results, a nominal p value of 5.7 x 10~° yielded a genome-wide
type I error of 0.0S.

Generalization in HCHS/SOL

We performed generalization analysis for PLT-associated SNPs pre-
viously reported in GWASs of other populations, including those
of European, African, and Japanese ancestry.”>''~"* Because all
discovery studies, except for that of Kamatani et al.,'' used un-
transformed PLT as the outcome, we used association results
with untransformed PLT for generalization. For SNPs reported in
Kamatani et al.,'" we followed their methodology and used the
square root of PLT and reported effect sizes in SDs. We performed
generalization testing by directional false-discovery rate (FDR)
control for the generalization null hypotheses.** The generaliza-
tion null hypothesis states that the effect does not exist in both
the discovery study and HCHS/SOL and is rejected if there is
enough evidence that a SNP affects the outcome, with the same di-
rection of effect, in both the discovery study and HCHS/SOL. We
used the number of SNPs tested in the discovery study and the
p values for the set of tested SNPs from both the discovery study
and HCHS/SOL, and we computed an r value for each of the
SNPs to quantify the evidence for generalization. A SNP was gener-
alized if the r value < 0.05.

Functional Annotation of Discovery Loci
We interrogated the PLT-associated loci to determine whether
the identified non-coding SNPs and indels and correlated variants
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(r? > 0.5, calculated in the HCHS/SOL discovery population) were
positioned within predicted regulatory regions, namely enhancers
and promoters. These regulatory regions were identified on the
basis of the enrichment of various histone-modification and
ChIP-seq (chromatin immunoprecipitation followed by
sequencing) signals in megakaryocytes.*> A genomic element en-
riched with the histone H3K4mel signal was categorized as an
enhancer, whereas a genomic element enriched with the histone
H3K4me3 signal was categorized as a promoter. SNPs or indels
that belonged to either promoter or enhancer categories and over-
lapped a DNase I hypersensitive site (a general biochemical feature
of regulatory regions) in megakaryocytes were prioritized as puta-
tively functional variants. We also reported overlap with ChIP-seq
peaks of key megakaryocyte transcription factors and the nearest
biologically plausible gene or genes.*® Moreover, because related
cell types can share similar regulatory regions, we additionally re-
ported supplementary annotation by using data generated by
ENCODE*” on other myeloid lineage cells, including primary
erythroblasts, erythroleukemia K562 cells, peripheral-blood-
derived erythroblasts (PBDEs), myeloid leukemia (SKNO-1) cells,
and human umbilical vein endothelial cells (HUVECs). To provide
additional support, we also included overlap with transcription
start sites and enhancers identified by an alternate approach in
the FantomS5 project. *® To identify the motifs disrupted by alleles,
including ACTN1 (MIM: 102575) variant rs117672662, we utilized
HaploReg (v.2)*° and the JASPAR motif database.>”

We also included annotations from in silico prediction algo-
rithms including RegulomeDB, the Combined Annotation Depen-
dent Depletion (CADD) score®! (a PHRED-like score indicating
deleteriousness of variants and all other substitutions in the
genome), GWAVA>? (a score that classifies non-coding variation
and uses ENCODE and Roadmap Epigenomic data to prioritize
most likely functional variants), and deltaSVM>® (a score that
captures how much a variant alters the regulatory potential of
the surrounding sequence, particularly in the context of a specific
cell type).

eQTL Analysis of American Indians

The eQTL analysis included 1,457 American Indian adults (mini-
mum of 18 years of age) from the urban Phoenix extension of
the Family Investigation of Nephropathy and Diabetes; they
were examined after they had fasted for >8 hr.>* Blood was
collected into PAXgene Blood RNA Tubes (Becton Dickinson),
and total RNA was isolated with PAXgene Blood miRNA Kits
(QIAGEN). Amplification was performed with the Ambion Messa-
geAmp II-Biotin Enhanced aRNA Amplification Kit (Life Technol-
ogies), and transcript levels were measured with the Illumina
HumanHT-12 v.4 Expression Beadchip according to the manufac-
turer’s protocol. GenomeStudio software was used for background
normalization. Genotyping of 15117672662 was conducted ac-
cording to the Assays-on-Demand method (Life Technologies).
A normalizing transformation of transcription levels was em-
ployed in statistical analyses, and association of genotype was
analyzed under an additive model with control for age, sex, tribal
membership, and European admixture (estimated from 45
markers with large allele-frequency differences between Amerin-
dians and Europeans>®).

Cell Culture
THP-1 (ATCC TIB-202) acute monocytic leukemia cells were
cultured in RPMI-1640 (Mediatech) supplemented with 10% fetal

bovine serum (FBS), and Kasumi-1 (ATCC CRL-2724) acute myelo-
blastic leukemia cells were cultured in RPMI-1640 supplemented
with 20% FBS. The cell cultures were maintained at 37°C with
5% CO,.

Transcriptional Reporter Assays

A 186 bp region (chrl4: 69,425,369-69,425,554 according to
UCSC Genome Browser hgl9) surrounding 15117672662
was amplified with primer pairs 5-GGTACCGCAGGAAAACATC
CACATGA-3' and 5'-CTCGAGGGAAACAGTGTGGTCAGTCG-3'
(forward) and 5'-CTCGAGGCAGGAAAACATCCACATGA-3" and
5'- GGTACCGGAAACAGTGTGGTCAGTCG-3' (reverse) and clo-
ned into the luciferase reporter vector pGL4.23 (Promega) in
both orientations with respect to the minimal promoter. The
15117672662 C allele was created with the QuikChange Site-
Directed Mutagenesis Kit (Stratagene). Sanger sequencing was
used to verify clones for fidelity and genotype. Four verified con-
structs for each allele in both orientations were transfected in
duplicate into THP-1 and Kasumi-1 cells with Renilla control re-
porter vector (phRL-TK, Promega) with Lipofectamine 3000 (Life
Technologies) and incubated for 48 hr. The cells were lysed with
Passive Lysis Buffer (Promega), and luciferase activity was
measured with the Dual-Luciferase Reporter Assay System (Prom-
ega) as previously described.*®

Electrophoretic Mobility Shift Assay

Electrophoretic mobility shift assay (EMSA) oligonucleotide
probes were designed around the variant 15117672662
(5’-AGAATTAT[T/CJAGCAGAGG-3’) and end labeled with
5" IRDye 700 (Integrated DNA Technologies). Nuclear protein
was extracted with the NE-PER Extraction Kit (ThermoFisher Sci-
entific), and the total nuclear extract was measured with the
BCA Protein Assay (ThermoFisher Scientific). All protein-probe
binding reactions were incubated for 30 min at room tempera-
ture and consisted of the following: 1x binding buffer
(10 mM Tris, S0 mM KCI, and 1 mM DTT [pH 7.5]), 1 pg
poly(dI-dC), 7 ug nuclear extract, and 200 fmol IRDye-labeled
double-stranded oligonucleotide probe in a volume of 20 pl.
The competition reactions contained 70-fold excess of unla-
beled probe and were incubated with the nuclear extract for
15 min prior to the addition of the IRDye-labeled probe and in-
cubation for another 30 min. In a test for an antibody super-
shift, 6 pg of antibody (HOXAS sc-13199x or GATA1 sc-1234x,
Santa Cruz Biotechnologies) was incubated with the nuclear
extract for 35 min prior to incubation with the IRDye-labeled
probe for 30 min. The probe-protein complexes were resolved
with 6% DNA retardation electrophoresis gels (Life Technolo-
gies) and visualized with an Odyssey CLx Infrared Imaging
System (LI-COR Biosciences).

Results

The characteristics of the 12,491 Hispanic/Latino partic-
ipants from the HCHS/SOL discovery sample are summa-
rized in Table S1. SNP-based heritability was estimated
from a variance-component analysis performed with a
subset of 10,093 individuals excluding close familial rel-
atives. Genetic (kinship) effects accounted for 29.4%
(95% CI: 22.6%-36.1%) of the variation in PLT, whereas
shared environmental (household) effects contributed
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Figure 1. Manhattan Plot of Discovery Results from HCHS/SOL

The solid line indicates genome-wide significance (p value < 5 x 10~®), and a dashed line indicates suggestive significance (p value < 1 X
1077). There is an inset quantile-quantile plot of discovery p values. Discovery loci are highlighted in blue, and loci with p values less
than the suggestive significance threshold are annotated with the names of the nearest gene(s).

little (2.6%; 95% CI: 0.0%-6.3%). When the analysis was
repeated with all individuals and adjustment for house-
hold-membership data, genetic (kinship) effects ac-
counted for 30.8% (95% CI: 25.7%-35.7%), and shared
environmental (household) effects accounted for 5.0%
(95% CI: 2.1%-7.7%) of PLT variation. Thus, the esti-
mated genetic contribution increased only slightly
(from 29.4% to 30.8%) when close relatives were
included, and the estimated household contribution
was non-zero, suggesting that household membership
is a good proxy for the shared environmental effects
contributing to PLT in this sample. These heritability
estimates are less than what has been reported
from family-based studies of PLT (approximately 50%-
80%%'%), which is consistent with previous findings
comparing family- and SNP-based heritability estima-
tion.>’

In the HCHS/SOL discovery sample, the genomic in-
flation factor was 1.046, indicating adequate control of
population stratification. Nine loci met the standard signif-
icance criteria of p value < 5 x 10~%; three additional loci
had p values between 5 X 1078 and 1 x 1077 (Table S2).
Quantile-quantile and Manhattan plots are shown in
Figure 1. For each of the discovery and previously reported
PLT loci, we evaluated the extent of LD (calculated HCHS/
SOL discovery population) between the index SNP and
other nominally significant SNPs in the region (Figures
ST1A-S1L).

Generalization of PLT Index SNPs from Other
Populations to Hispanic/Latino Populations

Of the 12 genome-wide significant or suggestive loci in the
HCHS/SOL discovery sample, seven correspond to index
SNPs (or LD proxies with r* > 0.5 calculated in the

HCHS/SOL population) previously identified in PLT

GWASs of other ancestries (ARHGEF3 [MIM: 612115]
1s1354034, TPM4 [MIM: 600317] 173517714, AK3 [MIM:
609290]-RCL1 [MIM: 611405] rs409801, JM/D1C [MIM:
604503] rs10822155, ZFPM2 [MIM: 603693] 156993770,
HBSIL [MIM: 612450]-MYB [MIM: 189990] rs6934903,
and CD9 [MIM: 143030]-VWF [MIM: 613160]
1s11064074)>°'2"'* (Table S2). An eighth significant locus
is located in close proximity to BAKI (MIM: 600516),
a gene previously associated with PLT in GWASs from pop-
ulations of European, African, and Asian descent.>> 11214
However, the index SNP (rs62405954) in our Hispanic/
Latino discovery sample at the BAKI locus is distinct
from 1rs210134, the index SNP previously associated
with PLT in a GWAS (r2 = 0.06; 1562405954 p value =
1.10 x 107'°, versus 4.6 x 1077 when adjusted for
1s210134; Figure S2).

In order to more comprehensively assess whether previ-
ous GWAS PLT SNPs from populations of European, Asian,
and African ancestry”>''~'* generalize to HCHS/SOL His-
panic/Latino populations, we evaluated all index SNPs
in the corresponding ancestral populations (Table S3) by
using a directional FDR method®® that rejects the null
hypothesis of “no generalization” if there is enough evi-
dence that a SNP is associated with PLT and directionally
consistent between the original discovery GWAS and
HCHS/SOL. Of the ten SNPs identified previously in pop-
ulations of African ancestry,'*'® seven of the SNPs
showed evidence of generalization (r value < 0.05) in
our Hispanic/Latino sample. Roughly half (27 of 49) of
GWAS SNPs identified previously in populations of Euro-
pean ancestry””'*'* generalized to HCHS/SOL. All four
SNPs identified previously in a population of Asian
ancestry'! generalized to our study. Considering the 55
independent SNPs previously associated with PLT in any
population, we found evidence of generalization of 30
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% § g 5 § é ticipants by summing all trait-increasing alleles in the
g SIslS (818l SNPs that did not generalize. Out of 25 SNPs that did
slg 8 & & 28 not generalize, 24 had the same direction of effect in
5 &1°/7 7 TI9° the discovery study and the HCHS/SOL (exact binomial
g test p value = 1.5 x 10~°). We found a strong association
= —i (=] [32] (@] 0 N
E‘ : S E E § § § between PLT and the genetic score that we constructed
with the non-generalized SNPs (p value = 8.8 x 107'°).
g2 . 2 o o Taken together, these tests provide evidence that, indeed,
J|E122 212 s the majority of non-generalized SNPs are associated
S x| x| x X | x| x .
Sle o 5 slgls with PLT.
) [RER R g S| % |-
N N DN N A Discovery of Ancestry-Specific PLT Association Signals
228 82 ¢ in Hispanic/Latino Populations
g % § % % % % Four of the 12 loci with significant or suggestive associa-
s|38 8 2 2249 tions in the HCHS/SOL discovery sample (ACTNI
g1 /9 |° T ° 1s117672662, GABBR1 [MIM: 603540]-MOG [MIM:
ala . 159465] rs75140056, ETV7 [MIM: 605255] 1s9470264,
2122 (2|22 and BANP [MIM: 611564]-ZFPM1 [MIM: 601950]
e|= 5= SRR 1s80294974) are located within or near genes or genomic
" regions not previously associated with PLT in GWASs
>22 (Table 1). By examining the 55 other genomic regions
% % § previously associated with PLT in populations of
208 § SRS 285 European, Asian, or African descent, in addition to
alvelelele (o< )° ZBTB9-BAK1 1562405954 (described above), we identified
T one additional signal, MEF2C (MIM: 600662)
%g 15144261491, distinct from the MEF2C European index
g: SNP 15700585 from a GWAS (r* = 0.009; rs144261491
S p value = 3.4 x 1077, versus 9.0 x 10~ with adjustment
. s § . for 1s700585; Figure S3).
4 % 2loo § < <= Several of the PLT index SNPs discovered in HCHS/SOL
g b s S B I had allele frequencies that differed considerably between
; 9.l - = continental populations represented in 1000 Genomes
: S22 |5 3832 phase 3 samples® (Table 2). In particular, ACTNI
8 SlglF gielg 15117672662 and MEF2C rs14426149, associated with
S % g % E % % % decreased PLT, were present at MAFs of ~7% and ~4%,
2 respectively, in samples of Amerindian ancestry (Colum-
é é bians, Mexicans, Peruvians, and Puerto Ricans) but were
< K - - significantly less common in Asian, European, and African
£ =N S'% 28 % populations.?* Analysis of published archaic genomes®**?
g EZ|d 32 R 32 and genome sequences from New Guinea Papuans™
= é Bl sls |83 showed that none of the risk alleles at these six PLT loci
s eR|2 8 SRR appear to be derived from Neandertal, Denisovan, or
E Ge|s5|5|5 |5|5|%5 Australo-Melanesian sequences.
] _ Admixture mapping based on a joint test of all three
.'g "é\ :Ej local-ancestry estimates in HCHS/SOL confirmed the
2 g 2 presence of genome-wide-significant peaks (p value <
h s |2 é Elo 2 5.7 x 10~%) at the BAKI locus on chromosome 6 and a
g S| 2 > g o S £ £ peak at chromosomal region q13.2, as well as a suggestive
- : .§ % S E G E g g peak at the ACTNI locus on chromosome 14 (Figure S4A).
2 HHE RIED £ S Considering the secondary analysis compating Amerin-
. 2|2 IRISEIZIRIE dian ancestry to all other ancestries, we identified a
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PUR

0.976
0.942
0.399
0.986
0.918
0.990

PEL

0.859
0.741
0.206
0.994
0.612
0.906

MXL

0.781
0.391
0.992
0.656
0.953

AMR Sub-population Coded Allele Frequency
0.938

LM

0.926
0.824
0.452
0.995
0.809
0.989

AMR
0.927
0.831
0.365
0.991
0.765
0.963

SAS

0.999
0.964
0.304
0.993
0.995
1.000

EUR

0.999
0.919
0.417
0.963
0.992
1.000

EAS

1.00

0.994
0.213
1.000
0.877
1.000

1.000
1.000

Super-population Coded Allele Frequency

0.999
0.384
0.998
0.825

AFR

Coded Allele
Frequency
0.94

0.86

0.39

0.98

0.80

0.97

Coded/Alternative HCHS/SOL

Allele on Plus
Strand

C/CAT

G/A

T/C
G/A

1s144261491 C/T

rsiD

chr14: 69,425,467 15117672662 T/C
1s62405954
1575140056
159470264

chr16: 88,376,014 1580294974

(GRCh37/hg19)
chré: 33,524,820
chré: 36,344,980
chrs: 88,133,921

Chromosomal
Position

Abbreviations are as follows: AFR, African; EAS, East Asian; EUR, European; SAS, South Asian; AMR, admixed American; CLM, Colombian from Medellin, Colombia; MXL, Mexican ancestry from Los Angeles, USA; PEL, Peruvians

Table 2. Allele Frequencies of PLT-Associated Variants by 1000 Genomes Continental Populations and Admixed American Sub-populations
from Lima, Peru; and PUR, Puerto Ricans from Puerto Rico.

For ACTN1 rs117672662 and MEF2C rs144261491, the allele frequencies differ significantly between AMR and AFR, EAS, EUR, and SAS populations.

GABBRI-MOG (intergenic) chr6: 29,608,184

Gene (Function)
ACTNI1 (intronic)®
ZBTB9-BAK1 (intergenic)
BANP-ZFPM1 (intergenic)
ETV7 (intronic)

MEF2C (intronic)*

significant peak at ACTNI (Figure S4B). Further, there was
highly significant concordance between the number of
Amerindian ancestral alleles at the ACTNI locus and the
15117672662 genotype (p value < 2.20 x 107'6; Table S4).

Replication of PLT Loci in Independent Hispanic/
Latino Samples
Replication of PLT association findings discovered in
HCHS/SOL was carried out in an independent sample of
up to 7,170 Hispanic/Latino Americans derived from three
multi-ethnic US-based cohorts (WHI [n = 3,534], BioMe
Biobank [n = 2,854], and MESA [n = 782]), whose charac-
teristics are described in Table S1. We carried forward six
SNPs from the discovery stage for replication: ACTNI
(rs117672662), GABBRI-MOG  (1s75140056), ETV7
(rs9470264), BANP-ZFPM1 (1s80294974), ZBTB9-BAKI1
(rs62405954), and MEF2C (rs144261491). Of these, five
SNPs (all except BANP-ZFPM1 1s80294974) met our pre-
specified criteria for replication (p value < 0.05/6 =
0.008; Table 1). BANP-ZFPM1 1580294974 had a lower fre-
quency (MAF = 2%), so a failure to replicate might be
related to limited power to detect this association in the
smaller Hispanic/Latino replication sample. The discovery
variants and the discovery and generalized variants from
HCHS/SOL explain 1.79% and 6.14% of the total variance
of PLT, respectively.

In addition to PLT, MPV measurements were available in
a subset of 4,041 Hispanic/Latino WHI and BioMe partici-
pants in our replication dataset. At four out of five of
our replicated loci, the allele associated with lower PLT
was also associated with higher MPV (ACTNI
1s117672662 p value = 3.90 x 107'®, GABBRI-MOG
1575140056 p value = 0.003, ETV7 159470264 p value =
1.90 x 107", and BAKI 1562405954 p value = 0.03;
Table S5).

Functional Annotation and Characterization of the
Discovery PLT Loci

At each of the five replicated loci (ACTN1, GABBRI-MOG,
ETV7,ZBTB9-BAK1, and MEF2C), we defined the association
interval as containing all genotyped or imputed variants
(SNPs and indels) in LD (1> > 0.5) with the index variant.
Within each interval, we (1) identified genes and non-cod-
ing RNAs and their tissue expression patterns, (2) predicted
SNP functionality by using genome-wide epigenomic data-
sets from megakaryocytes and other blood cell types from
the BLUEPRINT,”” ENCODE,*” and FANTOM5®’ projects
(Table S6), and (3) assessed SNP associations with gene
expression (eQTL) in whole blood®" (Table S7).

We identified one or more SNPs that overlapped putative
megakaryocyte enhancers or promoters and were in LD
(r? > 0.5) with the index SNP at each of the five replicated
PLT loci (Table S8). Of particular interest, ACTN1 index
SNP 15117672662 lies within a megakaryocyte-specific pu-
tative enhancer located within ACTN1 intron 1 (Figure 2).
The genomic element harboring 15117672662 overlaps
ChlIP-seq peaks of key megakaryocyte regulators, including
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Figure 2. Regional Plot of the ACTN1
Locus

The top panel contains a LocusZoom plot
of the ACTNI locus centered on our top
Amerindian-specific variant, 1s117672662.
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the window are color coded according to
the scale indicated in the top panel. The
imputed SNP, 15117672662, is denoted by
a filled triangle, other imputed variants
are denoted by an x, and genotyped
variants are denoted by a filled circle.
Recombination hotspots from HapMap
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ERG, FLI1, and RUNX1 in SKNO-1 (acute myeloid leuke-
mia) cells, further supporting its role as an enhancer.
Furthermore, 15117672662 was predicted to have high reg-
ulatory potential according to the cell-type-specific regula-
tory-motif detection algorithm deltaSVM>’ trained on the
myelogenous leukemia cell line K562 (score = 9.8; Table
S9). The regulatory deltaSVM score for 15117672662 is in
the same range as previous predictions for known func-
tional SNPs.**

We performed de novo genotyping of the ACTNI
1s117672662 variant in a sample of 1,457 American In-
dians who were from urban Phoenix and had previously
undergone whole-blood transcriptomic analysis. The
eQTL analysis did not reveal any significant eQTLs in the
region for ACTN1 (C allele: beta [SE] = —0.05 [0.085];
p value = 0.56) or for any other genes in the association
interval (Table S10).

Allelic Differences in Enhancer and Protein Binding
Activity of ACTN1 rs117672662

To further assess the regulatory properties of ACTNI
variant rs117672662, we performed transcriptional re-
porter assays in THP-1 monocytic leukemia and Kasumi-1
myeloid leukemia cells. In both cell types, the
15117672662 minor C allele showed higher transcriptional
activity than the rs117672662 T allele (Figure S5).

We used THP-1 cells to perform EMSAs and observed that
the Tallele showed stronger protein binding than the C allele
(Figure 3). Including 70-fold excess T allele probe decreased
the intensity of the protein-probe band more than including
excess C allele probe, supporting allelic differences in speci-
ficity of the protein-probe binding (Figure 3 and Figure S6).
To characterize the transcription factors binding to the
151176762662 site, we conducted super-shift assays with an-
tibodies of transcription factors whose DNA binding motifs
had been predicted by Haploreg®’ to be altered by the
variant. An overlapping HOXAS motif matched better to
the Tallele, whereas GATA1 and GATA2 motifs matched bet-
ter to the Callele. With THP-1 cell nuclear lysate, inclusion of
HOXAS antibodies shifted the protein complex bound to
the T allele (Figure 3). The addition of GATA1 antibodies
showed a partial shift, suggesting that a protein-probe com-
plex might also include GATA1. Taken together, the tran-
scriptional activity and gel-shift assays suggest that a protein
complex binding to the T allele contains HOXAS and might
act as a transcriptional repressor of the target gene(s).

Discussion

We report the results from a large GWAS of PLT in His-
panic/Latino populations. We identified and replicated
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Figure 3. Allelic Differences in Protein Binding at rs117672662
EMSA using oligonucleotide probes containing different alleles at
1s117672662 (T allele [lanes 1-5] and C allele [lanes 6-10]). Nu-
clear extracts from human monocyte THP-1 cells were incubated
with IRDye-labeled double-stranded oligonucleotide probe alone
(lanes 1 and 6) or with 70-fold excess of unlabeled probe (lanes
2, 3, 7, and 8), GATA1 antibodies (lanes 4 and 9), or HOXAS
antibodies (lanes 5 and 10). The dotted black arrow indicates
probe-protein complexes, the solid black arrows indicate probe-
protein-antibody complexes, and the gray arrows indicate non-
specific probe-protein binding complexes. Further support of the
allelic differences is provided in Figure S6.

associations with three loci including noncoding SNPs in
ornear ACTNI1, ETV7, and GABBR1-MOG and two popula-
tion-specific variants at previously identified PLT GWAS
loci ZBTB9-BAK1 and MEFC2. The ACTNI1 and ZBTB9-
BAK1 association signals were also detected in a genome-
wide scan for local-ancestry admixture. Overall, four of
the five PLT association signals (ACTN1, ETV7, MEF2C,
and ZBTB9-BAK1) were highly differentiated across popu-
lations of European, West African, and Amerindian
ancestry. The ACTN1 and MEF2C alleles were found only
on an Amerindian ancestral background and therefore
could realistically only have been discovered through
studies involving Hispanic/Latino or Amerindian popula-
tions. We have also demonstrated that approximately
50% of PLT-associated alleles previously identified in Euro-
pean, African American, and Japanese populations gener-
alized to HCHS/SOL populations, suggesting that many
of the same regions of the genome are involved in regula-
tion of PLT across global populations.

The identification of a common Amerindian ancestral
variant located in a putative enhancer region within intron
1 of ACTNI1 adds to previous studies reporting the ACTN1

locus as a source of PLT phenotypic variation. The most
likely targets of the 15117672662 variant are either
ACTNI1 itself or ACTN1-AS1, which is a long non-coding
RNA just upstream of ACTNI and can potentially regulate
ACTNI transcript levels. Missense mutations in ACTN1
have recently been identified in congenital macrothrom-
bocytopenia pedigrees with mild-to-moderate thrombocy-
topenia, increased MPV, and minimal bleeding manifesta-
tions.>®* Two subsequent genetic studies (one from Italy
and one from the US and Europe) of previously uncharac-
terized inherited platelet disorders found ACTNI1 missense
mutations in ~4%-5% of affected individuals.®*®> Func-
tional characterization of missense variants in ACTNI
(c.94C>A [p.GIn32Lys] and ¢.313G>A [p.Val1051le]) sug-
gest that the variants disrupt the actin cytoskeleton struc-
ture and impair megakaryocyte pro-platelet production.®
Although these studies highlight the implications of
ACTNI1 loss-of-function coding mutations in PLT re-
gulation, transcriptional regulation of ACTNI is also
important for normal megakaryopoiesis.®>“” In addition
to regulating PLT, the actin cytoskeleton is involved in
determining platelet size during the final stages of pro-
platelet formation from megakaryocytes.®®

Consistent with the relationship between ACTNI muta-
tions and familial macrothrombocytopenia, the minor
allele (rs117672662 C allele) of the Amerindian ACTN1
non-coding variant was associated with lower PLT and
higher MPV. The 15117672662 C allele displayed increased
enhancer activity, whereas the 15117672662 T allele
demonstrated a super-shift that could be mediated by
HOXAS and a partial super-shift mediated by GATAI.
GATA1 also appeared to bind to the 15117672662 T allele
probe. HOXAS and GATA1l have each been shown to
play a role in erythrocyte and megakaryocyte develop-
ment,®”~’? and both transcription factors are dysregulated
in hematopoietic stem cells showing erythroid and mega-
karyocyte differentiation blockage mediated by HOXA10
overexpression.”” Furthermore, HOXAS might act as a
transcriptional repressor for several genes involved in actin
remodeling.”” Despite the evidence for allelic difference in
expression and binding of HOXAS and GATAL1, further ex-
periments are needed for elucidating the precise regulatory
molecular mechanism by which the ACTN1 15117672662
C allele alters platelet production and/or PLT.”*7*

Two additional PLT loci and one independent signal in a
known locus were identified on chromosome 6 in gene-
rich, extended LD regions located about 3.3 Mb cen-
tromeric (ETV7), 84 kb telomeric (GABBR1-MOG), and
25 Mb centromeric (ZBTB9-BAK1) to the major histocom-
patibility complex (MHC) region. The ETV7 index SNP
1s9470264 is located within an intron of ETV7, which en-
codes the Ets family transcription factor TEL-2. ETV7 (or
TEL2) is primarily expressed in hematopoietic tissues,
including bone marrow and spleen.”®”” Further, ETV7 is
expressed in leukemic cells and appears to be more highly
expressed in a subset of leukemic samples,”® pointing to
possible roles for this transcription factor in both normal
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hematopoiesis and oncogenesis. Mutations in a related Ets-
encoding gene, ETV6 (MIM: 600618), encoding ubiqui-
tously expressed TEL-1, were recently identified in pedi-
grees affected by congenital thrombocytopenia,”*' and
chromosomal translocations involving ETV6 (e.g., ETV6-
PDGFRB [MIM: 173410]) are common in hematologic
malignancies.”® Despite strong biological plausibility
supporting ETV7 in hematopoiesis, in silico functional
annotation of the index SNP and LD proxies prioritized a
promoter polymorphism in neighboring KCTD20 (MIM:
615932) as the putative functional SNP. Whole-blood
eQTL analysis of the ETV7 index SNPs and LD proxies indi-
cated significant differences in KCTD20, but not ETV7,
expression (see Table S7), further supporting a role for
KCTD20 in regulating PLT at this locus.®!

The index variant rs75140056 is located in an intergenic
region between MOG and GABBRI (Figure S1C). Surveying
variation in high LD with the index SNP, we prioritized
1529269 as the strongest functional candidate polymor-
phism on the basis of its position in a putative active
GABBR1 promoter in megakaryocytes (Table S8). GABBR1
is a member of the gamma-aminobutyric acid family of
inhibitory neurotransmitters and is most notably known
for its role in the mammalian CNS. However, a recent study
reported differential regulation of GABBRI in bone-
marrow- and fetal-liver-derived megakaryocytes from
wild-type mice, thereby suggesting a potential role of
GABBR1 in developmental-stage-specific regulation of
megakaryopoiesis.””> In addition, several proxy SNPs,
including putative functional SNP 1529269, are eQTLs
(Table S7) for MHC class I genes (e.g., HLA-F [MIM:
143110] and HLA-G [MIM: 142871]). These observations
suggest that variation at this locus might regulate one or
more genes.

The index SNP in our Hispanic/Latino discovery sample
at the ZBTB9-BAK1 locus (1s62405954) is distinct from
15210134, which was previously associated with PLT in Eu-
ropean GWASs. 1562405954 is in LD with rs1002011,
which overlaps a DNase hypersensitive site in megakaryo-
cytes and lies within a putative enhancer overlapping the
5" UTR of VPS52 (MIM: 603443), a gene that encodes an
intracellular protein involved in endocytic recycling and
is highly expressed in hematopoietic cells of erythroid
and megakaryocyte lineages.

In addition, we identified an Amerindian-population-
specific variant at MEF2C, a known PLT locus. MEF2C,
which encodes a MADS box transcription factor and is
differentially expressed at various stages of hematopoie-
sis, is an important downstream target of stem cell
leukemia for lineage-specific megakaryocyte develop-
ment.*’ The Amerindian-ancestry-specific index SNP
15144261491 is distinct from the MEF2C European index
SNP 1rs700585. rs144261491 is in LD with rs200572016
(r* = 0.8), which lies in a megakaryocyte-specific DNase
hypersensitive site in the MEF2C antisense RNA and over-
laps several transcription factor binding sites (GATAZ2,
TAL1, and P300) in K562 cells. MEF2C and MEF2C-AS1

are differentially expressed between erythroblasts and
megakaryocytes.

In summary, we discovered and replicated three loci
associated with PLT in Hispanic/Latino populations, as
well as independent signals within two PLT-associated re-
gions previously identified in populations of European
descent. Several of these discovered PLT loci are prevalent
among populations of Amerindian ancestry but rare or ab-
sent among populations of European or African ancestry.
Amerindian-specific loci (e.g., SLC16A11 [MIM: 615765])
for metabolic traits (diabetes and glycemic traits) similarly
have been identified among other Hispanic/Latino popula-
tions.** Given the role of blood cells in pathogen invasion
or defense, population-specific and/or rare variants might
be expected to contribute to the regulation of genes rele-
vant to quantitative blood cell phenotypes. The ACTN1
and MEF2C alleles might have arisen by mutation among
populations of Amerindian ancestry after the peopling of
the Americas®® and persisted as a result of local evolu-
tionary selective pressure or genetic drift. Unlike the
SLC16A11 locus,®* our PLT-associated loci did now show
evidence of arising from introgression due to admixture
with archaic humans. Taken together, our findings empha-
size the importance and utility of performing genetic
studies in populations with diverse ancestral backgrounds,
including Hispanic/Latino populations.

Supplemental Data

Supplemental Data include 6 figures and 12 tables and can be
found with this article online at http://dx.doi.org/10.1016/j.
ajhg.2015.12.003.
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Figure S1: LocusZoom plots of loci that have discovery p-values less than 1x107”. In each, the top panel
reflects the main PLT GWAS analysis results. The LD estimates were calculated in the SOL discovery sample
and are presented with respect to the lowest P-value SNP (reference). The genotyped reference SNP is denoted
by a filled diamond, imputed reference SNP is denoted by a filled triangle, other imputed SNPs are denoted by
a cross, and other genotyped SNPs are denoted by a filled circle. Recombination hotspots are indicated by the
blue lines and scaled according to the y-axis on the right side of the plot. The dashed line indicates the nominal
significance threshold p-value < 5 x 10”. The bottom panel shows the genes and their orientation for each
region. A. BANP-ZFPM1 with rs80294974 as index variant, B. ZBTB9-BAK with rs62405954 as index
variant, C. GABBRI1-MOG with rs75140056 as index variant, D. ACTNI with rs117672662 as index variant, E.
ETV7 with rs9470264 as index variant, F. ARGHEF 3 with rs1354034 as index variant, G. TPM4 with
rs73517714 as index variant, H. AK3-RCL1 with rs409801 as index variant, I. JMJD1C with rs10822155 as
index variant, J. HBSIL-MYB with rs6934903 as index variants, K. ZFPM?2 with rs6993770 as index variant,
L. VWF-CD9 with rs11064074 as index variant.
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Figure S2. LocusZoom plots of conditional analysis at ZBTB9-BAK1 locus. In each, the top panel
reflects the conditional analysis results. The LD estimates with respect to the indicated reference SNP at
each locus are color coded based on the scale indicated in each plot. As indicated, the LD estimates are
either derived using HCHS/SOL population or the 1000 genomes EUR super-population. The genotyped
reference SNP is denoted by a filled diamond, imputed reference SNP is denoted by a filled triangle, other
imputed SNPs are denoted by a cross, and other genotyped SNPs are denoted by a filled circle.
Recombination hotspots are indicated by the blue lines. The dashed line indicates the nominal
significance threshold p-value < 5 x 10™®.The bottom panel shows the genes and their orientation for each
region. A. Conditioned on HCHS/SOL index SNP rs62405954 and color coded by i) LD estimates from |
HCHS/SOL population, and ii) LD estimates from 1000genomes EUR super-population. B) B.
Conditioned on the European GWAS index SNP rs210134 and color coded by i) LD estimates from
HCHS/SOL population, and ii) LD estimates from 1000genomes EUR super-population.
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Figure S3. LocusZoom plots of main and conditional analysis at MEF2C locus. In each, the top panel reflects the main
PLT GWAS or conditional analysis results, as indicated. The LD estimates with respect to the indicated reference SNP at each
locus are color coded based on the scale indicated in each plot. As noted, the LD estimates are either derived using
HCHS/SOL population or the 1000 genomes EUR super-population. The genotyped reference SNP is denoted by a filled
diamond, imputed reference SNP is denoted by a filled triangle, other imputed SNPs are denoted by a cross and other
genotyped SNPs are denoted by a filled circle. Recombination hotspots are indicated by the blue lines. The dashed line
indicates the nominal significance threshold p-value < 5 x 10®. The bottom panel shows the genes and their orientation for
each region.A. MEF2C locus from the main PLT GWAS analysis color coded by LD estimates from HCHCS/SOL
with reference to HCHS/SOL index SNP rs144261491. B. MEF2C locus conditioned on European GWAS index SNP
rs700585 and color coded by LD estimates from HCHS/SOL population. C. MEF2C locus conditioned on HCHS/SOL index
SNP rs144261491 and color coded LD estimates from 1000 genomes EUR super-population
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admixture scan of Amerindian against any other ancestry from from RFMix with dashed line indicating the significance
threshold p-value< -log;o(5.7 x 107).
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Figure S5: Allelic differences in transcriptional activity of variant rs117672662. A 186
bp PCR product approximately centered on rs117672662 was cloned in both orientations
(Forward and Reverse) relative to a minimal promoter in a transcriptional reporter vector
(pGL4.23). Clones were transfected into (A) Kasumi-1 cells: a myeloblast, cell line
established from the peripheral blood of an acute myeloid leukemia patient and (B) THP-1
cells: a monocyte cell line, isolated from peripheral blood of an acute monocyte leukemia
patient. The cells were incubated for 48 hrs, and luciferase and Renilla activity were
measured in the cell lysate. Results are shown as relative luciferase/Renilla activity
normalized to empty vector. Error bars represent the standard deviation of results for four
clones. EV: Empty Vector
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Figure S6: Further support of allelic differences in protein binding at
rs117672662. EMSA using oligonucleotide probes containing different alleles at
rs117672662 (T allele: lanes 1 to 4, C allele: lanes 5 to 8). Nuclear extracts from
human monocyte THP-1 cells were incubated with IRDye-labeled double-stranded
oligonucleotide probe alone (lanes 1, 5) or with 70-fold excess of unlabeled probe
(lanes 2, 3, 6 and 7) or GATA1 antibodies (lanes 4 and 8). The dotted black arrow
indicates probe-protein complexes, the solid black arrow indicates probe-protein-
antibody complexes and the grey arrows indicate non-specific probe-protein binding
complexes. The unlabeled T-allele probe shows stronger competition than the
unlabeled C-allele probe. The faint band remaining in lane 2 may represent incomplete
competition or another non-specific probe-protein complex.



Table S1. Demographic Characteristics of Discovery and Replication Cohorts

Mean Platelet Age” Mean

Count” (Standard (Standard

Study Phase N Study Design Deviation) % Female Deviation)
HCHS/SOL Discovery | 12941 | Population- and family-based 252 (65) 59 46 (14)
BioMe Replication | 2854 Population-based, unrelated 233 (71) 62 59 (15)
WHI Replication | 3534 Population-based, unrelated 245 (56) 100 60 (7)
MESA Replication 782 Population-based, unrelated 234 (66) 53 69 (9)

*Platelet count unit = 10°/L, "Age = years.



Table S2. Variants reaching the genome-wide (P-value<5x10™) or su

gestive (P-value< 1x107) significance in HCHS/SOL

Novel Nearest Gene(s) (genomic Chromosome: alfe(:‘(rllz(:iife HCHS/SOL Beta
or context) g position rsID allele on (+) Coded Allele N (Standard P-value
Known (GRCh37/hg19) Frequency Error)
strand

Novel ACTNI (intronic) chr14:69425467 rs117672662 T/C 0.94 12491 0.604(0.054) 1.16x107%
Novel ZBTB9-BAK]1 (intergenic) chr6:33524820 rs62405954 T/C 0.86 12491 -0.239(0.037) | 1.10x10™"
Novel GABBRI-MOG (intergenic) | chr6:29608184 rs75140056 C/CAT 0.39 12491 -0.151(0.025) | 1.47x10™
Novel BANP-ZFPM] (intergenic) chr16:88376014 rs80294974 G/A 0.98 12491 0.555(0.103) 6.60x10™"
Novel ETV7 (intronic) chr6:36344980 rs9470264 G/A 0.8 12491 -0.181(0.034) | 8.80x10™
Known ARGHEF3 (intronic) chr3:56849749 rs1354034 T/C 0.57 12491 -0.189(0.025) | 6.89x10™"
Known TPM4 (intronic) chr19:16203304 rs73517714 C/A 0.97 12491 0.508(0.069) 1.80x107"
Known AK3-RCLI (integenic) chr9:4744743 rs409801 T/C 0.67 12491 -0.163(0.027) | 2.21x10™
Known JMJDIC (intronic) chr10:65071215 rs10822155 C/A 0.71 12491 -0.168(0.028) | 3.50x10™
Known HBSIL-MYB (intergenic) chr6:135451564 156934903 T/A 0.85 12491 -0.198(0.035) | 2.02x10™
Known ZFPM? (intronic) chr8:106581528 186993770 A/T 0.69 12490 0.148(0.027) 3.43x10°%
Known VWF-CD9 (intergenic) chr12:6281039 rs11064074 C/T 0.71 12491 0.150(0.028) 5.38x10™"




Table S3. Results from the generalization of European'™, African-American’, and Japanese® GWAS PLT-associated variants to HCHS/SOL Hispanic/Latinos. The line separates the SNPs that

generalized (top panel) from those that failed to generalize (bottom panel).

. Near.est gene(s) C.hr:Position C/gie]eg Discovery HCHS/SOL Meta-analysis
(genomic context ) (build 37-hg19) Allele . 2-sided p- Ref.
Ancestry N MAF Beta (SE) p-value | MAF CAF Beta (SE) value r-value Beta (SE) p-value
TRIMS8
rs3811444 (nonsynonymous) 1:248039450 C/T European 27955 NA 3.35(0.57) 5.6E-09 0.28 0.72 3.45(0.89) 1.06E-04 5.58E-04 3.38(0.48) 2.57E-12 [1]
11260326 (nonsynony(r;n(;lu(s]; 2:27730939 T/C European 54396 NA 2.33(0.38) 9.12E-10 0.34 0.34 2.53(0.86) 3.12E-03 9.35E-03 2.37(0.35) 1.06E-11 [1]
1s625132 EHD3 (intronic) 2:31482299 G/A European 45217 NA 4.24 (0.57) 9.15E-14 0.11 0.89 3.93 (1.25) 1.67E-03 5.81E-03 4.18 (0.52) 5.97E-16 [1]
rs1354034 ARHGEF3 (intronic) 3:56849749 T/C European 6234 0.41 -9.44 (1.61) 4.35E-09 0.43 0.57 -5.87(0.8) 2.44E-13 4.75E-04 -6.58 (0.72) 4.41E-20 [2]
rs1354034 ARHGEF3 (intronic) 3:56849749 C/T European 13582 0.39 7.97 (0.79) 6.00E-24 0.43 0.43 5.87(0.8) 2.44E-13 7.32E-13 6.94 (0.56) 6.39E-35 [3]
rs6141 THPO (3' downstream) 3:184090266 T/C Japanese 14806 0.45 0.08 (0.01) 5.38E-11 0.33 0.67 0.06 (0.01) 3.61E-05 3.61E-05 0.07 (0.01) 6.75E-14 [6]
rs700585 MEF2C (intronic) 5:88152116 C/T European 55469 NA 2.7(0.44) 9.86E-10 0.19 0.19 2.41(1.01) 1.70E-02 3.76E-02 2.66 (0.4) 5.42E-11 [1]
rs12526480 LRRC164 (intronic) 6:25533534 G/T African 16388 0.31 -4.39 (0.76) 9.15E-29 0.36 0.36 -2.6 (0.82) 1.53E-03 2.54E-03 -3.56 (0.56) 1.66E-10 [5]
rs210134 BAK1I (3' downstream) 6:33540209 A/G African 16388 0.29 -6.16 (0.78) 2.32E-15 0.29 0.29 -4.94 (0.86) 9.31E-09 9.31E-08 -5.61 (0.58) 2.79E-22 [5]
15745568 BAK1I (5' upstream) 6:33548394 T/G Japanese 14806 0.23 0.09 (0.01) 6.66E-11 0.24 0.24 0.10 (0.01) 1.89E-10 7.50E-06 0.09 (0.01) 1.48E-19 [6]
14895441 H(?riifgeMnili 6:135426573 A/G European 13582 0.27 -5.42 (0.88) 9.00E-10 0.18 0.82 -5.39 (1.02) 1.24E-07 4.29E-05 -5.41 (0.67) 5.84E-16 [3]
HBSIL-MYB
1s9494145 (intergenic) 6:135432552 C/T African 16388 0.07 8.19 (1.38) 2.79E-09 0.16 0.16 5.88 (1.07) 3.92E-08 9.81E-08 6.75 (0.85) 1.48E-15 [5]
1342275 AF086203 (intronic) 7:106359215 C/T European 58571 NA 3.74 (0.36) 5.57E-25 0.33 0.67 3.6 (0.86) 2.82E-05 2.37E-04 3.72(0.33) 9.42E-29 [1]
1s342293 AF086203 (intronic) 7:106372219 G/C African 16388 0.39 -4.05 (0.72) 1.58E-08 0.39 0.39 -3.41 (0.82) 2.92E-05 5.84E-05 -3.77 (0.54) 2.88E-12 [5]
16993770 ZFPM2 (intronic) 8:106581527 A/T European 54960 NA 3.67 (0.44) 4.30E-17 0.31 0.69 4.74 (0.85) 2.87E-08 1.21E-06 3.89(0.39) 1.52E-23 [1]
16995402 PLEC (intronic) 8:145005560 C/T European 57593 NA 2.30(0.37) 5.09E-10 0.05 0.05 5.27 (2.24) 1.88E-02 3.96E-02 2.38(0.37) 7.50E-11 [1]
rs385893 AK3-RCLI (intergenic) 9:4763176 T/C Japanese 14806 0.25 -0.10 (0.01) 2.95E-13 0.40 0.60 -0.06 (0.01) 5.44E-06 1.09E-05 -0.08 (0.01) 2.87E-16 [6]
rs385893 AK3-RCLI (intergenic) 9:4763176 C/T European 9316 0.44 6.26 (0.75) 8.50E-17 0.40 0.40 3.74 (0.83) 5.88E-06 1.18E-05 5.12 (0.56) 3.62E-20 [4]
1423955 AK3-RCLI (intergenic) 9:4792339 A/G European 13582 0.34 4.94 (0.81) 1.0E-9 0.40 0.60 1.85(0.82) 2.33E-02 2.33E-02 3.41(0.57) 2.89E-09 [3]
rs10761731 RCLI (5' upstream) 10:65027609 T/A European 54344 NA 3.85(0.38) 2.02E-24 0.31 0.31 4.81 (0.89) 6.44E-08 1.35E-06 4.00 (0.35) 1.56E-30 [1]
17896518 JMJDIC (intronic) 10:65104500 G/A African 16388 0.32 5.18(0.74)  2.26E-212 0.30 0.30 4.89 (0.89) 3.91E-08 9.81E-08 5.06 (0.57) 5.82E-19 [5]
1s505404 PSMD1 3 (intronic) 11:243267 G/T European 54642 NA 4.66 (0.45) 7.44E-25 0.26 0.26 2.53(0.91) 5.68E-03 1.59E-02 4.24 (0.41) 1.48E-25 [1]
14938642 CBL (intronic) 11:119099905 C/G European 56605 NA 4.73 (0.73) 7.66E-11 0.05 0.05 5.57 (1.75) 1.47E-03 5.62E-03 4.85(0.67) 4.89E-13 [1]
17342306 VWF-CD9 (intergenic) 12:6291092 G/A European 55636 NA 2.53(0.38) 4.29E-11 0.25 0.75 4.81(0.92) 1.69E-07 7.75E-06 2.87(0.35) 5.51E-16 [1]
rs4326844 COPZI (intronic) 12:54736470 A/G European 6234 0.45 -8.68 (1.59) 4.57E-08 0.27 0.27 -2.81(0.93) 2.61E-03 2.61E-03 -4.31 (0.8) 7.95E-08 [2]
1s941207 BAZ24 (intronic) 12:57023283 G/C European 55653 NA 2.75(0.43) 1.74E-10 0.22 0.22 3.01 (0.96) 1.80E-03 5.81E-03 2.79 (0.39) 1.24E-12 [1]
rs3184504 (nonsynon;‘rﬁlozlij; 12:111884607 T/C European 56354 NA 3.99 (0.37) 1.22E-26 0.27 0.27 3.75 (0.96) 8.61E-05 5.17E-04 3.96 (0.35) 6.19E-30 [1]
1s739496 SH2B3 (3' UTR) 12:111887659 A/G Japanese 14806 0.16 -0.14 (0.02) 4.75E-19 0.31 0.69 -0.06 (0.01) 2.94E-05 3.61E-05 -0.09 (0.01) 3.59E-19 [6]
rs11065987 BRAP (intergenic) 12:112072424 G/A European 9316 0.34 5.07 (0.69) 2.20E-13 0.25 0.25 3.65(0.97) 1.79E-04 1.79E-04 4.60 (0.56) 3.75E-16 [4]




156490294 ACADI0 (intronic) 12:112190438 C/A African 16388 0.34 -4.38 (0.75) 478E-09 | 0.37 0.63 -2.5(0.86) 3.44E-03 4.91E-03 -3.56 (0.56)  2.62E-10 [5]
rs4148441 ABCC4 (intronic) 13:95898206 G/A | European 64120 NA 4.12 (0.6) 6.76E-12 | 0.14 0.86 4.19 (1.14) 2.48E-04 1.16E-03 4.13 (0.53) 7.32E-15 1]
ANKRDY9-RCORI
rs11628318 (intergenic) 14:103040086 A/T | European 62438 NA 2.57 (0.41) 2.04E-10 | 0.38 0.62 2.07 (0.83) 1.27E-02 2.96E-02 2.48 (0.36) 1.04E-11 1]
EXOC3L4
152297067 (nonsynonymous) 14:103566784 T/C | European 41687 NA 3.54 (0.55) 1.58E-10 | 0.20 0.20 2.65 (0.98) 7.04E-03 1.83E-02 3.32(0.48) 5.29E-12 1]
SLFN14
1510512472 (nonsynonymous) 17:33884803 C/T | European 58692 NA 3.64 (0.48) 2.40E-14 | 023 0.23 3.08 (0.94) 1.10E-03 4.63E-03 3.52(0.43) 1.29E-16 1]
511082304 CABLESI (intronic) 18:20720972 G/T | European 58215 NA 2.48 (0.38) 5.27E-11 0.36 0.64 3.36 (0.83) 5.01E-05 3.50E-04 2.63 (0.34) 1.97E-14 1]
158109288 TPM4 (intronic) 19:16185558 G/A | European 29014 NA 11.95 (1.89) 2.75E-10 | 0.03 0.97 13.83 (2.46) 2.01E-08 3.73E-05 12.64 (1.5) 3.61E-17 ]
158109288 TPM4 (intronic) 19:16185559 A/G African 16388 0.10 -8.72 (1.4) 5.02E-10 | 0.03 0.03  -13.83 (2.46) 2.01E-08 9.81E-08 -9.97(1.22)  2.67E-16 [5]
EXCOC3L2-MARK4
1517356664 (intergenic) 19:45740770 C/T | European 55487 NA 2.60 (0.42) 3.60E-10 | 0.19 0.81 2.81 (1.05) 7.41E-03 1.83E-02 2.63 (0.39) 9.86E-12 1]
[1]
152336384 MFN2 (intronic) 1:12046062 G/T | European 57366 NA 2.17 (0.38) 1.25E-08 0.43 0.43 1.12 (0.81) 1.67E-01 2.42E-01 1.98 (0.35) 9.99E-09
[1]
s10914144 DNM3 (intronic) 1:171949749 T/C | European 54978 NA 3.42 (0.49) 222E-12 | 022 0.22 1.94 (0.99) 4.96E-02 8.68E-02 3.13 (0.44) 7.97E-13
[1]
151668871 TMCC?2 (intronic) 1:205237136 C/T | European 58108 NA 2.80 (0.37) 2.59E-14 | 023 0.23 -0.41 (0.94) 6.62E-01 1.00E+00 238(0.34)  4.09E-12
[1]
157550918 GCSAMLL (intronic) 1:247675558 T/C | European 54171 NA 3.13 (0.47) 291E-11 0.27 0.73 0.97 (0.9) 2.78E-01 3.54E-01 2.67 (0.42) 1.62E-10
[1]
1517030845 THADA (intronic) 2:43687878 C/T | European 65738 NA 3.58 (0.56) 1.27E-10 | 0.08 0.92 1.13 (1.49) 4.50E-01 4.97E-01 3.28 (0.52) 3.14E-10
KLHLS8-HSD17B13 [1]
157694379 (intergenic) 4:88186508 A/G | European 56430 NA 2.13 (0.37) 8.70E-09 | 0.32 0.32 0.02 (0.87) 9.83E-01 1.00E+00 1.80 (0.34) 1.16E-07
[1]
1s17568628  F2R-F2RLI (intergenic) 5:76046938 T/C | European 44759 NA 6.07 (0.99) 9.61E-10 | 0.02 0.98 6.13 (3.02) 4.24E-02 7.74E-02 6.08 (0.94) 1.16E-10
[1]
152070729 IRF] (intronic) 5:131819920 A/C | European 56469 NA 2.39 (0.37) 1.13E-10 | 0.45 0.55 0.58 (0.82) 4.76E-01 5.12E-01 2.08 (0.34) 6.85E-10
1513236689 CD36 (intronic) 7:80236014 GIT African 16388 0.44 4.18 (0.7) 2.84E-09 | 0.36 0.36 1.64 (0.84) 5.00E-02 6.02E-02 3.14 (0.54) 5.26E-09 [5]
WASL-HYALPI
154731120 (intergenic) 7:123411222 C/A | European 66147 NA 4.14 (0.59) 277B-12 | 0.06 0.06 2.25(1.63) 1.67E-01 2.42E-01 3.92 (0.56) 1.85E-12 1]
154246215 FENI (3' UTR) 11:61564298 T/G | European 56299 NA 2.45 (0.39) 3.31E-10 | 0.49 0.49 1.87 (0.9) 3.85E-02 7.35E-02 236(0.36)  4.39E-11 1]
15477895 BAD (intronic) 11:64048912 C/T African 16388 0.45 -4.19 (0.77) 4.91E-08 0.21 0.21 -1.94 (1.01) 5.42E-02 6.02E-02 -3.36 (0.61) 3.99E-08 [5]
[1]
1517824620 RPH34 (intronic) 12:113100993 C/A | European 51530 NA 2.46 (0.43) 9.67E-09 | 0.32 0.68 1.09 (0.86) 2.10E-01 2.93E-01 2.19 (0.38) 1.19E-08
[1]
157961894 WDRG6 (intronic) 12:122365582 C/T | European 51897 NA 3.92 (0.61) 1.22E-10 | 0.07 0.93 1.97 (1.6) 2.18E-01 2.95E-01 3.68 (0.57) 1.06E-10
[1]
1s8022206 RADG1B (intronic) 14:68520905 G/A | European 52251 NA 3.20 (0.5) 1.55E-10 | 0.18 0.82 0.49 (1.03) 6.36E-01 6.67E-01 2.68(0.45)  2.51E-09
[1]
1s8006385 ITPK (intronic) 14:93501025 G/A | European 64929 NA 3.59 (0.56) 1.24E-10 | 0.1 0.11 1.12 (1.29) 3.85E-01 4.49E-01 32(0.51)  4.26E-10
BEGAIN-DLK1 [1]
157149242 (intergenic) 14:101159415 G/T | European 61247 NA 2.14 (0.39) 2.68E-08 0.32 0.68 0.73 (0.87) 4.02E-01 4.56E-01 1.91 (0.35) 5.77E-08
[1]
1s3809566 TPM (5' upstream) 15:63333723 G/A | European 57113 NA 2.44 (0.39) 3.65E-10 | 0.27 0.73 1.08 (0.89) 2.26E-01 2.96E-01 222(0.36)  4.84E-10
PLEKHO2-ANKDDIA [
151719271 (intergenic) 15:65183800 G/A | European 56782 NA 3.41(0.5) 1.05E-11 0.27 0.27 0.94 (0.92) 3.04E-01 3.76E-01 2.85 (0.44) 1.05E-10
GPIBA [1]
156065 (nonsynonymous) 17:4836380 T/C | European 64987 NA 4.19 (0.63) 2.92E-11 0.14 0.14 2.13 (1.15) 6.34E-02 1.07E-01 3.71 (0.55) 1.77E-11
ULK2-AKAP10 [1]
18397969 (intergenic) 17:19804246 C/T | European 60944 NA 2.13 (0.36) 232E-09 | 043 0.43 0.71 (0.8) 3.78E-01 4.49E-01 1.89 (0.33) 6.23E-09
[1]
18559972 TAOK] (intronic) 17:27814495 T/C | European 53460 NA 3.26 (0.38) 3.30E-18 0.39 0.39 1.19 (0.81) 1.43E-01 2.22E-01 2.9(0.34) 1.64E-17
FAMI7142 (5' [1]
1s708382 upstream) 17:42442343 T/C | European 50036 NA 2.44 (0.43) 1.51E-08 0.37 0.63 1.81 (0.81) 2.55E-02 5.10E-02 2.3(0.38) 1.50E-09
18151361 SLMO? (intronic) 20:57614002 G/A African 16388 0.26 4.49 (0.78) 9.44E-09 | 0.21 0.21 1.51 (0.98) 1.22E-01 1.22E-01 333(0.61)  4.73E-08 [5]
151034566 ARVCEF (intronic) 22:19984276 T/C | European 61469 NA 2.13 (0.38) 3.06E-08 0.21 0.21 1.79 (0.98) 6.87E-02 1.11E-01 2.08 (0.36) 5.73E-09 [1]

SNPs previously reported as genome-wide significant in GWA studies of platelet count that met or exceeded the generalization p-value are included. *Allele frequencies reported for 1000G CEU, not study population, by
Soranzo, et al, 2009.,MAF = Minor Allele Frequency; CAF = Coded Allele Frequency; SE= Standard Error. Study population allele frequency not reported (NA) by Gieger, et al, 2011.




Table S4. Count of European, African, and Native American ancestral alleles vs. genotype rs117672662 on chromosome 14

Ancestral
Allele rs117672662 Genotype
Count 0 1 2
0 64 743 2,325
European 1 0 625 4,797
2 0 16 4,223
0 64 1,246 8,450
African 1 0 138 2,338
2 0 0 557
. 0 0 19 6,625
Native 1 0 757 3,445
American
2 64 608 1,275




Table S5. Association of novel PLT variants from the HCHS/SOL discovery analysis with mean platelet volume (MPV) in a subset of the replication samples (N=4041)

Coded/ WHI BioMe Meta-analysis
Annotated Chromosome: Alt. Allele
Gene(s) Position on (+)
(location) (build 37-hg19) rsID strand N Beta (SE) p-value N Beta (SE) p-value N Beta (SE) p-value
ACTNI (intronic) chr14:69425467 15117672662 T/C 1,187 0.46 (0.09)  6.5E-08 | 2,854 0.63 (0.09)  6.7E-12 | 4,041 0.54 (0.06) 3.9E-18
ZBTB9-BAK1
(intergenic) chr6:33524820 rs62405954 T/C 1,187 -0.11 (0.08) 0.156 | 2,854 -0.10 (0.06) 0.112 | 4,041 -0.10 (0.05) 0.032
GABBRI-MOG
(intergenic) chr6:29608184 rs75140056 C/CAT 1,187 0.15 (0.06) 0.011 | 2,854 0.06 (0.03) 0.049 | 4,041 0.08 (0.03) 0.003
ETV7 (intronic) chr6:36344980 rs9470264 G/A 1,187 -0.16 (0.03) 0.009 | 2,854 -0.24 (0.05)  4.5E-07 | 4,041 -0.18 (0.02) 1.9E-15
MEF2C (intronic) chr5:88133921 rs144261491 C/T 1,187 0.12 (0.15) 0.415 NA NA NA | 4,041 0.12 (0.15) 0.42
SE= Standard Error
Table S6. Datasets used for functional annotation and their sources.
Dataset’ Project/Study Download/Access resource
All datasets of CD34-negative, CD41-positive, CD42-positive megakaryocyte cells BLUEPRINT’ UCSC browser, BLUEPRINT trackhub
UCSC browser, ENCODE Analysis trackhub and Integrated
All K562 datasets ENCODE® Regulation from ENCODE Tracks

GSM607949(GATAT in megakaryocytes)

Tjissen et al, 2011°

CODEX, http://codex.stemcells.cam.ac.uk/

GSM607950(GATA?2 in megakaryocytes)

Tjissen et al, 2011°

CODEX, http://codex.stemcells.cam.ac.uk/

GSM607951(RUNXI1 in megakaryocytes)

Tjissen et al, 2011°

CODEX, http://codex.stemcells.cam.ac.uk/

GSM607952(FLI1 in megakaryocytes)

Tjissen et al, 2011°

CODEX,http://codex.stemcells.cam.ac.uk/

GSM607953(TAL1 in megakaryocytes)

Tjissen et al, 2011°

CODEX,http://codex.stemcells.cam.ac.uk/

GSE23730(SKNO-1_ERG)

Martens et al,2012'0

BLOODCHIP, http://149.171.101.136/python/BloodChIP/

GSE23730(SKNO-1_FLI1)

Martens et al,2012'0

BLOODCHIP, http://149.171.101.136/python/BloodChIP/

GSE23730(SKNO-1 RUNX1)

Martens et al,2012'0

BLOODCHIP, http://149.171.101.136/python/BloodChIP/

?All datasets were mapped against Human Genome Build 37/hg19



Table S7. Significant Blood Browser'' cis-eQTL for Results for PLT-associated SNPs and their LD partners (1 >0.4)

Chr: Position a Probe Center Alleles on Allele Overall HUGO Gene
Gene Index rsID Proxy rsID (build 37/hg19) r type p-value Position (+) strand Assessed Z-Score Name FDR
ETV7 rs9470264 rs7758498 6:36344213 0.53 0 3.80E-18 6:36686912 G/A A -8.69 - 0
ETV7 rs9470264 rs7758498 6:36344213 0.53 0 6.50E-07 6:36570090 G/A A 4.98 STK38 0
ETV7 rs9470264 rs7758498 6:36344213 0.53 0 1.10E-06 6:36565873 G/A A -4.87 KCTD20 0
ETV7 rs9470264 rs7758498 6:36344213 0.53 0 2.10E-06 6:36678715 G/A A -4.75 SFRS3 0.001
ETV7 rs9470264 rs1998266 6:36358289 0.58 2 3.10E-28 6:36686912 C/T T -11.02 - 0
ETV7 1rs9470264 rs1998266 6:36358289 0.58 2 2.70E-08 6:36678715 C/T T -5.56 SFRS3 0
ETV7 rs9470264 rs1998266 6:36358289 0.58 2 1.70E-07 6:36570090 C/T T 5.23 STK38 0
ETV7 rs9470264 rs4713971 6:36369786 0.40 0 2.60E-23 6:36686912 G/C G -9.95 - 0
ETV7 rs9470264 rs4713971 6:36369786 0.40 0 3.30E-08 6:36678715 G/C G -5.53 SFRS3 0
ETV7 rs9470264 rs4713971 6:36369786 0.40 0 3.10E-07 6:36570090 G/C G 5.12 STK38 0
ETV7 rs9470264 15941816 6:36375304 0.40 2 9.60E-24 6:36686912 G/A G -10.05 - 0
ETV7 1rs9470264 15941816 6:36375304 0.40 2 4.00E-08 6:36678715 G/A G -5.49 SFRS3 0
ETV7 rs9470264 15941816 6:36375304 0.40 2 3.00E-07 6:36570090 G/A G 5.12 STK38 0
ETV7 rs9470264 rs6457915 6:36380644 0.40 0 3.30E-08 6:36678715 T/C C -5.52 SFRS3 0
ETV7 rs9470264 rs6457915 6:36380644 0.40 0 2.10E-23 6:36686912 T/C C -9.97 - 0
ETV7 1rs9470264 rs6457915 6:36380644 0.40 0 2.50E-07 6:36570090 T/C C 5.16 STK38 0
ETV7 rs9470264 rs4713975 6:36395761 0.59 2 2.10E-34 6:36686912 G/A A -12.23 - 0
ETV7 rs9470264 rs4713975 6:36395761 0.59 2 1.50E-08 6:36565873 G/A A -5.67 KCTD20 0
ETV7 rs9470264 rs4713975 6:36395761 0.59 2 1.10E-08 6:36570090 G/A A 5.72 STK38 0
ETV7 rs9470264 rs4713975 6:36395761 0.59 2 4.60E-08 6:36678715 G/A A -5.47 SFRS3 0
ETV7 rs9470264 rs1744653 6:36397688 0.46 0 6.50E-11 6:36678715 G/A A -6.53 SFRS3 0
ETV7 rs9470264 rs1744653 6:36397688 0.46 0 8.00E-24 6:36686912 G/A A -10.06 - 0
ETV7 rs9470264 rs1744653 6:36397688 0.46 0 2.40E-05 6:36570090 G/A A 4.23 STK38 0.011
ETV7 1rs9470264 rs7741260 6:36399120 0.46 2 6.90E-24 6:36686912 C/T T -10.08 - 0
ETV7 rs9470264 rs7741260 6:36399120 0.46 2 5.40E-11 6:36678715 C/T T -6.56 SFRS3 0
ETV7 1rs9470264 rs7741260 6:36399120 0.46 2 2.40E-05 6:36570090 C/T T 4.23 STK38 0.011
ETV7 1rs9470264 rs16888605 6:36433408 0.57 0 3.50E-09 6:36565873 A/G G -5.9 KCTD20 0
ETV7 rs9470264 rs16888605 6:36433408 0.57 0 1.40E-35 6:36686912 A/G G -12.45 - 0
ETV7 1rs9470264 rs16888605 6:36433408 0.57 0 9.40E-09 6:36678715 A/G G -5.74 SFRS3 0
ETV7 1rs9470264 rs16888605 6:36433408 0.57 0 2.80E-09 6:36570090 A/G G 5.94 STK38 0
ETV7 rs9470264 rs4713978 6:36466787 0.56 2 1.20E-08 6:36678715 C/A A -5.7 SFRS3 0
ETV7 rs9470264 rs4713978 6:36466787 0.56 2 1.40E-09 6:36570090 C/A A 6.06 STK38 0
ETV7 rs9470264 rs4713978 6:36466787 0.56 2 1.60E-36 6:36686912 C/A A -12.62 - 0
ETV7 1rs9470264 rs4713978 6:36466787 0.56 2 7.40E-10 6:36565873 C/A A -6.16 KCTD20 0
GABBRI-MOG rs75140056 1s29273 6:29610989 0.45 2 2.10E-09 6:29811988 G/C C 5.99 AL645939.6-3 0
GABBRI-MOG rs75140056 1s29273 6:29610989 0.45 2 3.40E-21 6:29906646 G/C C 9.45 HLA-G 0
GABBRI-MOG rs75140056 1s29273 6:29610989 0.45 2 1.10E-48 6:29800135 G/C C -14.66 HLA-F 0
GABBRI-MOG rs75140056 1s9257928 6:29613218 0.42 0 3.20E-35 6:29800135 C/T T -12.38 HLA-F 0
GABBRI-MOG 1rs75140056 1s9257928 6:29613218 0.42 0 4.60E-10 6:29811988 C/T T 6.23 AL645939.6-3 0
GABBRI-MOG rs75140056 1s9257928 6:29613218 0.42 0 1.40E-09 6:29906646 C/T T 6.06 HLA-G 0
GABBRI-MOG rs75140056 1529269 6:29617747 0.45 2 1.10E-48 6:29800135 C/T T -14.67 HLA-F 0
GABBRI-MOG rs75140056 1s29269 6:29617747 0.45 2 1.60E-09 6:29811988 C/T T 6.04 AL645939.6-3 0
GABBRI-MOG rs75140056 1529269 6:29617747 0.45 2 3.70E-21 6:29906646 C/T T 9.44 HLA-G 0
GABBRI-MOG rs75140056 1s29231 6:29618525 0.44 2 2.40E-09 6:29811988 C/T T 5.97 AL645939.6-3 0
GABBRI-MOG 1rs75140056 1s29231 6:29618525 0.44 2 1.10E-46 6:29800135 C/T T -14.35 HLA-F 0
GABBRI-MOG rs75140056 1s29231 6:29618525 0.44 2 1.80E-20 6:29906646 C/T T 9.28 HLA-G 0
GABBRI-MOG 1rs75140056 1s2535246 6:29636409 0.42 2 3.40E-10 6:29811988 T/G G 6.28 AL645939.6-3 0
GABBRI-MOG rs75140056 rs2535246 6:29636409 0.42 2 1.20E-20 6:29906646 T/G G 9.32 HLA-G 0




GABBRI-MOG 1575140056 152535246 6:29636409 0.42 2 3.40E-47 6:29800135 T/G G -14.43 HLA-F 0
GABBRI-MOG 1575140056 152535246 6:29636409 0.42 2 3.60E-05 6:29783657 T/G G 4.13 - 0.016
GABBRI-MOG 1575140056 151122947 6:29638434 0.42 2 2.70E-47 6:29800135 A/G G -14.44 HLA-F 0
GABBRI-MOG 1575140056 151122947 6:29638434 0.42 2 3.40E-10 6:29811988 A/G G 6.28 AL645939.6-3 0
GABBRI-MOG 1575140056 151122947 6:29638434 0.42 2 1.00E-20 6:29906646 A/G G 9.33 HLA-G 0
GABBRI-MOG 1575140056 11122947 6:29638434 0.42 2 3.60E-05 6:29783657 A/G G 4.13 - 0.016
GABBRI-MOG 1575140056 152747453 6:29654943 0.44 2 1.40E-49 6:29800135 T/C C -14.8 HLA-F 0
GABBRI-MOG 1575140056 152747453 6:29654943 0.44 2 1.40E-22 6:29906646 T/C C 9.78 HLA-G 0
GABBRI-MOG 1575140056 152747453 6:29654943 0.44 2 1.20E-08 6:29811988 T/C C 5.7 AL645939.6-3 0
GABBRI-MOG 1575140056 1s3129090 6:29664131 0.44 2 7.60E-44 6:29800135 C/T T -13.89 HLA-F 0
GABBRI-MOG 1575140056 1s3129090 6:29664131 0.44 2 2.90E-09 6:29811988 C/T T 5.94 AL645939.6-3 0
GABBRI-MOG 1575140056 1s3129090 6:29664131 0.44 2 8.50E-22 6:29906646 C/T T 9.59 HLA-G 0
GABBRI-MOG 1575140056 rs3131879 6:29665458 0.43 0 2.40E-09 6:29811988 A/C C 5.97 AL645939.6-3 0
GABBRI-MOG 1575140056 rs3131879 6:29665458 0.43 0 1.30E-22 6:29906646 A/C C 9.78 HLA-G 0
GABBRI-MOG 1575140056 rs3131879 6:29665458 0.43 0 1.00E-41 6:29800135 A/C C -13.53 HLA-F 0
GABBRI-MOG 1575140056 159258102 6:29668913 0.43 2 5.40E-22 6:29906646 T/C C 9.64 HLA-G 0
GABBRI-MOG 1575140056 159258102 6:29668913 0.43 2 4.70E-44 6:29800135 T/C C -13.92 HLA-F 0
GABBRI-MOG 1575140056 159258102 6:29668913 0.43 2 2.80E-09 6:29811988 T/C C 5.94 AL645939.6-3 0
GABBRI-MOG 1575140056 1s9258114 6:29669640 0.43 2 7.10E-09 6:29811988 C/A A 5.79 AL645939.6-3 0
GABBRI-MOG 1575140056 1s9258114 6:29669640 0.43 2 1.10E-62 6:29800135 C/A A -16.71 HLA-F 0
GABBRI-MOG 1575140056 1s9258114 6:29669640 0.43 2 8.60E-19 6:29906646 C/A A 8.85 HLA-G 0
GABBRI-MOG 1575140056 156456993 6:29670536 0.43 0 1.70E-21 6:29906646 G/A A 9.52 HLA-G 0
GABBRI-MOG 1575140056 156456993 6:29670536 0.43 0 7.20E-45 6:29800135 G/A A -14.05 HLA-F 0
GABBRI-MOG 1575140056 156456993 6:29670536 0.43 0 8.60E-10 6:29811988 G/A A 6.13 AL645939.6-3 0
BAKI 1562405954 1512206050 6:33564296 0.46 0 3.18E-05 6:33493262 A/T T 4.16 CUTA 0.014
BAKI 1562405954 1512206050 6:33564296 0.46 0 3.88E-12 6:33492459 A/T T 6.94 CUTA 0
BAKI 1562405954 1512664430 6:33272677 0.62 2 4.59E-09 6:33162754 C/T T -5.86 HLA-DPB1 0
BAKI 1562405954 1512664430 6:33272677 0.62 2 2.19E-04 6:33533115 C/T T 3.7 SYNGAPI1,ZBTBY 0.078
BAKI 1562405954 1512664430 6:33272677 0.62 2 3.88E-08 6:33354286 C/T T -5.5 B3GALT4 0
BAKI 1562405954 1512664430 6:33272677 0.62 2 1.02E-06 6:33375735 C/T T 4.89 TAPBP 3.02E-04
BAKI 1562405954 1512664430 6:33272677 0.62 2 3.67E-04 6:33379629 C/T T 3.56 TAPBP 0.117
BAKI 1562405954 1512664430 6:33272677 0.62 2 3.47E-03 6:33492459 C/T T 2.92 CUTA 0.496
BAKI 1562405954 1s3846855 6:33555877 0.47 0 1.48E-10 6:33492459 G/A A 6.41 CUTA 0
BAKI 1562405954 1rs3846855 6:33555877 0.47 0 1.61E-05 6:33493262 G/A A 4.31 CUTA 0.007
BAKI 1562405954 155745568 6:33548394 0.46 2 1.89E-08 6:33492459 G/T T 5.62 CUTA 0
BAKI 1562405954 155745568 6:33548394 0.46 2 5.95E-05 6:33493262 G/T T 4.01 CUTA 0.025
BAKI 1562405954 159380365 6:33472317 0.42 2 5.06E-10 6:33354286 T/A A -6.22 B3GALT4 0
BAKI 1562405954 159380365 6:33472317 0.42 2 1.95E-07 6:33491946 T/A A 5.2 PHF1 6.31E-05
BAKI 1562405954 159380365 6:33472317 0.42 2 7.90E-06 6:33533115 T/A A 4.47 SYNGAP1,ZBTBY 0.004
BAKI 1562405954 159380365 6:33472317 0.42 2 7.41E-04 6:33493262 T/A A 3.37 CUTA 0.198
BAKI 1562405954 159380365 6:33472317 0.42 2 5.22E-17 6:33375735 T/A A 8.38 TAPBP 0
BAKI 1562405954 159380365 6:33472317 0.42 2 1.95E-07 6:33491946 T/A A 5.2 PHF1 6.31E-05
BAKI 1562405954 159380365 6:33472317 0.42 2 7.90E-06 6:33533115 T/A A 4.47 SYNGAP1,ZBTBY 0.004
BAKI 1562405954 159380365 6:33472317 0.42 2 7.41E-04 6:33493262 T/A A 3.37 CUTA 0.198
BAKI 1562405954 159380365 6:33472317 0.42 2 5.22E-17 6:33375735 T/A A 8.38 TAPBP 0

*Type: Imputed=0, genotyped=2




Table S8. Summary of findings from the functional annotation of the 5 novel SNPs and LD partners (r* >0.5) identified in HCHS/SOL

1000 genomes phase I1I coded allele

coded/ frequency
Index SNP . e | S| Nearest | SRR e | o = |35
fSNP" rsID | r? Beta | Genes to 2| 5 3 s | == = Description of Findings
rsID p-value allele on | CAF | oevar S =% = = = 2 s =
(SE) | fSNP i £ | & |25 25|52 =
*) S |5 |gE|8<|=<
strand =] <<
1529269 lies in a putative active GABBRI promoter in
0.131 megakaryocytes, also oYerlap§ several transcriptipn
K562 cells. Also overlaps RNA Poll ChIP-Seq Peak
Proxy SNP rs1002011 lies within a putative enhancer
62405954 100201 06 | 7.925.06 -0.186 o G/A ' . . overlapping the 5° UTR of the VPS52 gene. It also lies
Is rs : e (0.044) VPS5 0.89 0 00 | 1.00 | 0.88 | 1.00 | 1.00 | 0.98 | \ithina DNasel hypersensitive peak and CFOS ChIP-
Seq peak in HUVEC cells.
rs80331350 lies in a putative megakaryocyte enhancer
-0.144 in PXT1 intron. The putative enhancer element overlaps
rs9470264 rs80331350 | 0.8 | 2.66E-05 (0.034) PXT1 T/C 0.81 1.1 087 {099 | 0.78 | 099 | 0.87 | 0.9 GATAI1 ChIP-Seq peak in peripheral blood-derived
erythroblasts (PBDE) cells
1rs227883 (r2=0.8) lies within RUNX1 bound putative
19470264 active KCTD20 promoter in megakaryocytes. The
-0.170 putative promoter element overlaps ChIP-Seq peaks of
rs2273883 0.8 | 2.18E-05 (0.035) KCTD20 C/A 0.82 1.1 099 1099 | 0.79 | 099 | 0.87 | 0.94 promoter binding proteins RNA polymerase IT, TBP,
P300 and key megakaryocyte regulators including
GATAI1, GATA2, ETS1 and GABPA in K562 cells
-0.168 proxy SNP rs113553570 lies in a putative enhancer in
rs9470264 | rs113553570 | 0.8 | 1.05E-06 (0.035) STK38 G/A 0.82 1.1 0.89 1099 | 0.78 | 099 | 0.87 | 0.91 STK38 intron
-0.168 proxy SNP rs2239541 (r2=0.8), which lies in a putative
rs9470264 1s2239541 0.8 | 1.11E-06 (0.035) STK38 G/A 0.82 1.1 0.89 1099 | 0.78 | 099 | 0.87 | 0.91 megakaryocyte enhancer in STK38 intron
ACAAT proxy indel rs201891379 (12=0.8), which lies in a
0172 ACAAT putative promoter element upstream of STK38 gene.
19470264 rs201891379 | 0.8 | 1.11E-06 © '034) STK38 TAACT | 0.81 1.1 0.87 | 0.99 0.8 0.99 | 0.87 | 091 The putative enhancer element overlaps ChIP-Seq
’ AAAC/ peaks of GABP and IRF1 in K562 cells
A
rs117672662 lies in a megakaryocyte-specific putative
0.609 enhancer containing a RUNXI1 consensus sequence and
rs117672662 | rs117672662 | 1.0 | 4.88E-07 (0'055) ACTNI T/C 0.94 1.0 1.00 | 1.00 | 0.93 1.00 | 1.00 | 0.99 overlaps ChIP-Seq peaks of key megakaryocyte
’ regulators ERG, FLI1 and RUNX1 in SKNO-1 cells (an
acute myeloid leukemia cell line)
indel rs200572016 lies in a putative megakaryocyte-
0.393 MEF2C- TGA/T specific enhancer in MEF2C-AS! intron; this enhancer
15144261491 | rs200572016 | 0.8 | 8.65E-29 | (0.081) 48] 0.97 0.9 1.00 | 1.00 | 0.96 1.00 | 1.00 | 0.99 | element is DNAse accessible in K562 cells and overlaps
ChIP-Seq peaks of GATA2, TAL1 and P300 in these
cells

Abbreviations: fSNP = Predicted functional single nucleotide polymorphism; * = ratio of the variances of the observed and the estimated allele counts; CAF= Coded Allele Frequency



Table S9. Summary of in silico functional prediction algorithm results for significant variants and their LD partners

deltaSVM'
r? with 5Score for | Prioritized
HCHS/SOL | CADD' | GWAVA | RegulomeDB | K562 cell functional

Locus rsID Chr:Position lead SNP C-Score 3 Score " Score line variant
ACTNI rs117672662 14:69425467 Lead 0.56 0.32 4 9.84 | fSNP
ACTNI rs140754108 14:69407222 0.84 6.53 0.26 2b 0.69 | -
ACTNI rs12431622 14:69415032 0.81 2.93 0.32 5 -145 | -
GABBRI-MOG | rs75140056 (indel) | 6:29608184 Lead 7.06 NA NA NA | -
GABBRI-MOG | rs3131857 6:29606794 > (.99 1.38 0.2 6 -0.46 | -
GABBRI-MOG | rs4713235 6:29670478 0.60 4.29 0.34 2a 1.13 | -
GABBRI-MOG | rs3131875 6:29666111 0.50 16.75 0.09 5 -2.03 | -
GABBRI-MOG | NA (indel) 6:29608870 0.50 NA NA NA NA | -
GABBRI-MOG | rs29269 6:29617747 0.50 7.00 0.71 4 -4.58 | fSNP
ETV7 rs9470264 6:36344980 Lead 0.13 0.14 6 2.04 | -
ETV7 rs3778028 6:36349666 0.94 5.87 0.37 3a -1.62 | -
ETV7 rs1885206 6:36351095 0.93 3.35 0.42 2b -0.37 | -
ETV7 rs76676074 6:36361063 0.90 8.84 0.21 5 0.35 | -
ETV7 rs111654791 6:36376021 0.91 0.51 NA No Data -0.15 | -
ETV7 rs80047437 6:36376369 0.91 4.63 0.11 6 0.23 | -
ETV7 rs112394821 6:36379855 0.91 0.03 0.02 No Data -1.88 | -
ETV7 rs113849189 6:36383209 0.91 2.27 0.03 No Data -0.56 | -
ETV7 rs79235676 6:36388019 0.91 8.38 0.1 6 -1.55 | -
ETV7 rs74555455 6:36389418 0.91 3.58 0.1 6 -2.95 | -
ETV7 rs80331350 6:36391236 0.91 13.53 0.07 2b 1.07 | fSNP
ETV7 rs150014990 6:36392403 0.90 0.72 0.31 No Data 1.29 | -
ETV7 rs200860324 6:36403871 0.87 3.22 NA 6 -3.31 | -
ETV7 rs12526415 6:36403874 0.84 0.33 0.11 6 1.75 | -
ETV7 rs113585688 6:36405876 0.88 0.67 0.29 No Data 242 | -
ETV7 rs4711451 6:36410308 0.84 2.71 0.82 4 443 | -
ETV7 rs4713976 6:36417410 0.84 11.93 0.05 5 0.64 | -
ETV7 rs4713977 6:36424664 0.81 2.54 0.08 5 2.39 | -
ETV7 rs79927326 6:36434643 0.81 0.81 0.09 5 0.07 | -
ETV7 rs2273882 6:36437713 0.81 0.96 0.16 No Data 3.11 | -
ETV7 rs941974 6:36438385 0.81 0.96 0.03 6 -5.21 | -
ETV7 rs79328581 6:36454464 0.81 5.45 0.23 5 -1.02 | -
ETV7 rs75297867 6:36461335 0.81 0.01 0.19 5 1.58 | -
ETV7 rs4236051 6:36469821 0.81 0.97 0.09 5 -0.88 | -
ETV7 rs2267930 6:36472788 0.81 491 0.05 5 -0.76 | -
ETV7 rs75144098 6:36475146 0.81 9.50 0.15 5 3.97 | -
ETV7 rs111800900 6:36480859 0.81 7.86 0.1 No Data 2.51 | -
ETV7 rs112845031 6:36486403 0.80 0.14 0.08 No Data 1.94 | -
ETV7 rs75112107 6:36492839 0.80 4.25 0.1 5 0.45 | -
ETV7 rs113553570 6:36493878 0.80 0.17 0.19 6 0.12 | fSNP
ETV7 rs223954 6:36494053 0.80 15.13 0.5 5 -1.94 | fSNP
ETV7 rs2273883 6:88133921 0.76 10.32 0.94 1f -0.14 | fSNP
MEF2C rs144261491 5:88133921 Lead 2.37 0.18 NA 0.71 | -
MEF2C rs151169192 5:88109756 > (.99 5.25 0.28 4 -7.26 | -
MEF2C rs185717407 5:88171283 0.99 9.77 0.4 3a -0.18 | -
MEF2C rs187320873 5:88172872 0.99 13.47 0.61 4 3.84 | -
MEF2C rs184480102 5:87997100 0.75 3.49 0.22 6 0.22 | -
MEF2C rs200572016 5:88220439 0.6 15.59 NA 3a -0.38 | fSNP
BAK1 rs141400340 6:33577487 Lead 4.07 0.6 2b -0.84 | fSNP
BAK] rs62405954 6:33524820 Lead 9.19 0.30 4 311 | -
BAK] rs186384986 6:33467086 0.91 3.80 0.01 6 0.19 | -
BAK] rs12526020 6:33467084 0.91 0.53 0.01 6 -0.28 | -
BAK] rs12664430 6:33272677 0.62 12.65 0.45 No Data 1.66 | -
BAK1 rs186246149 6:33253646 0.59 4.12 0.03 No Data -1.62 | -
BAK1 rs1002011 6:33218237 0.56 3.33 0.94 4 0.055 | fSNP
BAK1 rs144043427 6:33353011 0.53 NA NA 6 NA | -
BAK] rs5745564 6:33548696 0.50 NA NA 5 NA | -
BAK] rs75080135 6:33552707 0.48 0.79 0.65 5 -3.05 | -




BAK1 rs3846855 6:33555877 0.47 2.28 0.13 6 -1.88
BAK1 155745568 6:33548394 0.46 NA 0.86 1b -0.63
BAK1 rs9357161 6:33549403 0.46 3.66 0.36 No Data 0.74
BAK1 rs12206050 6:33564296 0.46 8.33 0.17 6 -0.27
BAK1 rs72882008 6:33572840 0.45 1.92 0.06 4 2.37
BAK1 rs12214883 6:33513968 0.45 0.074 0.10 6 -2.15
BAK1 rs11968218 6:33518845 0.45 4.17 0.05 5 -1.46
BAK1 rs9380365 6:33472317 0.42 5.31 0.08 5 0
BAK1 rs35144104 6:33463961 0.41 3.33 0.01 6 -2.87

Abbreviation: fSNP=predicted functional single nucleotide polymorphism




Table S10. Results from cis-eQTL analysis of ACTNI rs117672662 in 1,457 Native Americans

Beta®
(Standard

Chr:Position Illumina ID Transcript Error) P-value SNP Number®

14:66460685 ILMN 1723607 GPHN -0.02 (0.08) 8.4E-01 1
14:66871825 ILMN 1750689 MPP5 -0.04 (0.07) 6.0-01 0
14:66874720 ILMN 1797310 ATP6VID 0.04 (0.09) 6.2E-01 0
14:66922877 ILMN 1739821 EIF2S1 0.12 (0.08) 1.4E-01 0
14:66923813 ILMN 1811470 PLEK?2 -0.01 (0.07) 8.8E-01 1
14:67126397 ILMN 1798395 PIGH 0.10 (0.07) 1.8E-01 0
14:67192886 ILMN 1693136 VTI1B -0.08 (0.07) 2.7E-01 1
14:67213499 ILMN 2128741 RDH11 -0.07 (0.08) 3.6E-01 0
14:67213871 ILMN 1768719 RDH11 -0.07 (0.07) 3.1E-01 0
14:67283267 ILMN 1798061 ZFYVE26 0.13 (0.07) 6.9E-02 0
14:68324290 ILMN 1675448 ZFP36L1 -0.01 (0.07) 8.8E-01 0
14:68411163 ILMN 2232177 ACTNI -0.05 (0.09) 5.6E-01 1
14:68587437 ILMN 1735402 WDR22 -0.04 (0.07) 5.7E-01 0
14:68778515 ILMN 1771689 EXD2 0.05 (0.07) 5.2E-01 0
14:68884396 ILMN 1799903 GALNTL1 -0.07 (0.07) 3.0E-01 1
14:68916937 ILMN 1781795 ERH 0.09 (0.07) 2.0E-01 0
14:68996734 ILMN 1756878 SLC39A9 0.01 (0.08) 9.2E-01 0
14:69251274 ILMN 2226917 KIAA0247 0.11 (0.07) 1.2E-01 1
14:69307877 ILMN 1761996 SFRS5 0.16 (0.07) 1.8E-02 0
14:69308064 ILMN 2378868 SFRS5 0.11 (0.07) 9.4E-02 1
14:69862844 ILMN 1706305 COX16 0.02 (0.07) 7.7E-01 0
14:69908650 ILMN 1697793 SYNJ2BP -0.03 (0.08) 6.9E-01 0
14:70120755 ILMN 1654543 MED6 0.06 (0.09) 5.2E-01 0
14:70360380 ILMN 1900513 AW449499 -0.06 (0.07) 4.3E-01 0
14:70443342 ILMN 1882112 BX101252 -0.14 (0.07) 4.4E-02 1
14:70646545 ILMN 1740010 PCNX -0.07 (0.07) 3.4E-01 0
14:70934827 ILMN 1715396 SNORD56B -0.13 (0.07) 6.1E-02 0

* = Standard Deviation per copy of the C allele
°= Number of SNPs in probe




Table S12. Imputation scores for lead discovery variants and variants in high linkage disequilibrium (r*>0.5)

2
r

Locus_name rsID chromosome | position | Type® | with the lead | oevar | Info"
ZBTB9-BAKI 1s62405954 6 33524820 2 1 1.06 | 1.00
ZBTB9-BAKI rs186384986 6 33467086 0 0.9 1.03 | 0.97
ZBTB9-BAKI rs12526020 6 33467084 0 0.9 1.03 | 097
ZBTB9-BAKI rs12664430 6 33272677 2 0.6 1.04 | 1.00
ZBTB9-BAKI rs186246149 6 33253646 0 0.6 1.07 | 0.99
ZBTB9-BAKI rs147668544 6 33218237 0 0.6 0.98 | 0.90
ZBTB9-BAKI rs144043427 6 33353011 0 0.5 0.99 | 0.97
ZBTB9-BAKI 1rs5745564 6 33548696 0 0.5 1.05 1.00
ZBTB9-BAKI rs75080135 6 33552707 0 0.5 1.04 | 0.99
ZBTB9-BAKI rs3846855 6 33555877 0 0.5 1.04 | 0.99
ZBTB9-BAKI rs5745568 6 33548394 2 0.5 1.04 | 1.00
ZBTB9-BAKI rs9357161 6 33549403 0 0.5 1.03 1.00
ZBTB9-BAKI rs12206050 6 33564296 0 0.5 1.04 | 1.00
ZBTB9-BAKI rs72882008 6 33572840 0 0.5 1.01 0.98
MEF2C-AS1 rs144261491 5 88133921 0 1 0.87 | 0.84
MEF2C-A4S1 rs151169192 5 88109756 0 1 0.87 | 0.83
MEF2C-AS1 rs185717407 5 88171283 0 1 0.87 | 0.84
MEF2C-AS1 rs187320873 5 88172872 0 1 0.87 | 0.84
MEF2C-AS1 rs184480102 5 87997100 0 0.7 0.71 0.68
MEF2C-AS1 rs200572016 5 88220439 0 0.7 0.89 | 0.86
MEF2C-AS1 rs184944447 5 87817728 0 0.7 0.84 | 0.80
MEF2C-A4S1 rs188832904 5 87658662 0 0.5 0.82 | 0.79
MEF2C-AS1 rs142862331 5 88015336 0 0.5 0.53 | 0.52
GABBRI-MOG 1575140056 6 29608184 0 1 1.03 1.00
GABBRI-MOG rs114178179 6 29606794 0 1 1.02 | 0.99
GABBRI-MOG rs115621016 6 29670478 0 0.6 1.03 1.00
GABBRI-MOG rs3131875 6 29666111 2 0.5 1.03 1.00
GABBRI-MOG 1s71946391 6 29608870 0 0.5 0.91 0.90
GABBRI-MOG 1s29269 6 29617747 2 0.5 1.01 1.00
ETV7 1r$9470264 6 36344980 0 1 1.06 | 0.96
ETV7 rs3778028 6 36349666 0 1 1.09 | 0.99
ETV7 rs1885206 6 36351095 0 0.9 1.09 | 0.99
ETV7 rs113585688 6 36405876 0 0.8 1.12 | 1.00
ETV7 1576676074 6 36361063 0 0.8 1.12 | 0.99
ETV7 rs113849189 6 36383209 0 0.8 1.12 | 1.00
ETV7 rs16888788 6 36521517 0 0.8 1.13 | 0.99
ETV7 rs4711451 6 36410308 0 0.8 1.12 | 1.00
ETV7 rs2273883 6 36410801 0 0.8 1.12 | 1.00
ETV7 rs111654791 6 36376021 0 0.8 1.12 | 1.00
ETV7 rs80047437 6 36376369 0 0.8 1.12 | 1.00
ETV7 rs4713977 6 36424664 0 0.8 1.12 | 1.00
ETV7 rs4713976 6 36417410 0 0.8 1.12 | 1.00
ETV7 rs112394821 6 36379855 0 0.8 1.12 | 1.00
ETV7 1s79328581 6 36454464 0 0.8 1.12 | 1.00
ETV7 1579235676 6 36388019 0 0.8 1.12 | 1.00
ETV7 chr6:36388436:1 6 36388436 0 0.8 1.12 | 1.00
ETV7 rs74555455 6 36389418 0 0.8 1.12 | 1.00
ETV7 rs80331350 6 36391236 0 0.8 1.12 | 1.00
ETV7 rs150014990 6 36392403 0 0.8 1.12 | 1.00
ETV7 rs113005836 6 36519616 0 0.8 1.12 | 1.00
ETV7 1579927326 6 36434643 0 0.8 1.12 | 1.00
ETV7 rs2273882 6 36437713 2 0.8 1.12 | 1.00
ETV7 rs941974 6 36438385 0 0.8 1.12 | 1.00
ETV7 1575297867 6 36461335 0 0.8 1.12 | 1.00
ETV7 rs4236051 6 36469821 2 0.8 1.12 | 1.00
ETV7 1s2267930 6 36472788 0 0.8 1.12 | 1.00
ETV7 1s75144098 6 36475146 0 0.8 1.12 | 1.00
ETV7 rs113412960 6 36500799 0 0.8 1.12 | 1.00
ETV7 rs111800900 6 36480859 0 0.8 1.12 | 1.00
ETV7 rs3819759 6 36496277 0 0.8 1.12 | 1.00
ETV7 rs111666164 6 36498423 0 0.8 1.12 | 1.00




ETV7 rs112740031 6 36498559 0 0.8 1.12 1.00
ETV7 rs75112107 6 36492839 0 0.8 1.12 1.00
ETV7 rs113553570 6 36493878 0 0.8 1.12 1.00
ETV7 152239541 6 36494053 0 0.8 1.12 1.00
ETV7 rs201891379 6 36515576 0 0.8 1.11 0.99
ETV7 rs12526415 6 36403874 2 0.8 1.11 1.00
ETV7 15200860324 6 36403871 0 0.8 1.10 | 0.99
ETV7 rs116957783 6 36524594 0 0.8 1.11 0.99
ETV7 rs112845031 6 36486403 0 0.8 1.12 1.00
ETV7 rs78413663 6 36520101 0 0.7 1.11 1.00
ETV7 rs76976387 6 36521363 0 0.7 1.11 1.00
ETV7 15202237535 6 36438384 0 0.7 1.01 0.90
ETV7 rs4140594 6 36564240 0 0.7 1.09 | 0.99
ETV7 rs3756907 6 36563129 0 0.7 1.09 | 0.99
ETV7 rs149171383 6 36517137 0 0.7 096 | 0.87
ETV7 rs7747978 6 36525321 0 0.7 1.06 | 0.97
ETV7 157740345 6 36344329 0 0.6 092 | 0.84
ETV7 rs4711454 6 36555422 0 0.6 1.08 1.00
ETV7 rs3756906 6 36563812 0 0.6 1.08 1.00
ETV7 1576964964 6 36559290 0 0.6 1.08 1.00
ETV7 chr6:36576246:D 6 36576246 0 0.6 1.08 1.00
ETV7 rs59108254 6 36576153 0 0.6 1.08 1.00
ETV7 560633269 6 36576414 2 0.6 1.08 1.00
ETV7 rs4713975 6 36395761 2 0.6 1.09 1.00
ETV7 rs7382195 6 36621000 0 0.6 1.12 | 0.99
ETV7 rs1998266 6 36358289 2 0.6 1.05 1.00
ETV7 rs111624705 6 36413945 0 0.6 1.09 1.00
ETV7 rs78373049 6 36421695 0 0.6 1.09 1.00
ETV7 rs76019396 6 36425227 0 0.6 1.09 1.00
ETV7 15112542373 6 36416790 0 0.6 1.09 1.00
ETV7 rs4711455 6 36632458 0 0.6 1.13 1.00
ETV7 15140429491 6 36422215 0 0.6 1.09 1.00
ETV7 rs4713998 6 36632610 2 0.6 1.13 1.00
ETV7 rs16888605 6 36433408 0 0.6 1.09 1.00
ETV7 1577660021 6 36431499 0 0.6 1.09 1.00
ETV7 rs75776623 6 36477822 0 0.6 1.09 1.00
ETV7 rs41272166 6 36455838 2 0.6 1.09 1.00
ETV7 rs116413447 6 36479537 0 0.6 1.09 1.00
ETV7 rs4713978 6 36466787 2 0.6 1.09 1.00
ETV7 rs80032245 6 36492550 0 0.6 1.09 1.00
ETV7 1577693176 6 36548128 0 0.6 1.07 | 0.99
ETV7 rs111747725 6 36509866 0 0.6 1.09 1.00
ETV7 rs12525802 6 36445288 0 0.6 1.08 1.00
ETV7 15144398714 6 36346581 2 0.5 1.09 1.00
ETV7 rs138977532 6 36349802 2 0.5 1.09 1.00
ETV7 rs183032639 6 36517164 0 0.5 0.88 | 0.81
ETV7 rs7758498 6 36344213 0 0.5 0.87 | 0.81
ETV7 157776298 6 36548225 0 0.5 1.06 | 0.99
ETV7 rs78502475 6 36315211 0 0.5 1.07 | 0.93
ETV7 151744653 6 36397688 0 0.5 1.07 1.00
ETV7 157741260 6 36399120 2 0.5 1.07 1.00
ETV7 1574693071 6 36298059 0 0.5 098 | 0.86
ACTNI 15117672662 14 69425467 0 1 1.01 0.98
ACTNI 15140754108 14 69407222 0 0.8 1.02 | 0.99
ACTNI rs12431622 14 69415032 0 0.8 1.01 0.98
ACTNI rs143493318 14 69369122 0 0.6 1.04 | 0.98
ACTNI rs3784133 14 69364953 2 0.5 1.06 1.00
ACTNI rs190190833 14 69350614 0 0.5 0.82 | 0.80
ACTNI rs76041256 14 69401213 0 0.5 1.01 1.00

'0=SNP was imputed,2= SNP was genotyped; ®a statistical information metric from IMPUTE2
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