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Background: Genome-wide association studies (GWAS) have made little
progress in identifying variants linked to depression. We hypothesized that
examining depressive symptoms and considering gene–environment interac-
tion (GxE) might improve efficiency for gene discovery. We therefore con-
ducted a GWAS and genome-wide by environment interaction study (GWEIS)
of depressive symptoms. Methods: Using data from the SHARe cohort of
the Women’s Health Initiative, comprising African Americans (n = 7,179)
and Hispanics/Latinas (n = 3,138), we examined genetic main effects and
GxE with stressful life events and social support. We also conducted a heri-
tability analysis using genome-wide complex trait analysis (GCTA). Replica-
tion was attempted in four independent cohorts. Results: No SNPs achieved
genome-wide significance for main effects in either discovery sample. The
top signals in African Americans were rs73531535 (located 20 kb from
GPR139, P = 5.75 × 10−8) and rs75407252 (intronic to CACNA2D3,
P = 6.99 × 10−7). In Hispanics/Latinas, the top signals were rs2532087 (located
27 kb from CD38, P = 2.44 × 10−7) and rs4542757 (intronic to DCC, P =
7.31 × 10−7). In the GEWIS with stressful life events, one interaction signal was
genome-wide significant in African Americans (rs4652467; P = 4.10 × 10−10;
located 14 kb from CEP350). This interaction was not observed in a smaller
replication cohort. Although heritability estimates for depressive symptoms and
stressful life events were each less than 10%, they were strongly genetically cor-
related (rG = 0.95), suggesting that common variation underlying self-reported
depressive symptoms and stressful life event exposure, though modest on their
own, were highly overlapping in this sample. Conclusions: Our results under-
score the need for larger samples, more GEWIS, and greater investigation into
genetic and environmental determinants of depressive symptoms in minorities.
Depression and Anxiety 33:265–280, 2016. C© 2016 Wiley Periodicals, Inc.
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INTRODUCTION
Although family and twin studies show that depres-
sion is driven partly by genetic variation,[1] until just
recently,[2] genome-wide association studies (GWAS)
have made little progress in identifying specific loci
linked to depression.[3] Several factors could explain the
lack of success, including the complex genetic archi-
tecture of depression, small samples, and heterogene-
ity in the “depression” phenotype.[4, 5] Moreover, with
the exception of two studies,[6, 7] including a large meta-
analysis,[6] most prior GWAS have examined diagnoses,
rather than quantitative traits (e.g., depressive symp-
toms). In light of evidence suggesting the diagnostic
categories have been artificially imposed on a contin-
uum of depression risk,[8] such case-control analyses
may have limitations. For example, simulations stud-
ies demonstrate that for common phenotypes (i.e., with
prevalence greater than 10%), the quantitative trait ap-
proach may have power advantages under certain con-
ditions in population-based samples.[9] GWAS have
also neglected the role of gene-environment interac-
tion (GxE),[10] which many believe contributes to the
etiology of depression.[11, 12] Previous GxE studies have

been limited to candidate genes; these results have been
highly controversial.[13–16] Studies of GxE in the con-
text of GWAS for psychiatric phenotypes are needed
and may be informative for identifying novel genomic
loci.[17, 18] Indeed, GxE studies using genome-wide data
for other complex phenotypes have revealed genotype–
phenotype associations not apparent in genetic main ef-
fect analyses.[19–21]

Further, genetic studies of depression and other psy-
chiatric phenotypes have almost exclusively comprised
samples of European ancestry, leaving racial/ethnic mi-
norities underrepresented in psychiatric genetics re-
search. Extending genetic association studies to more di-
verse racial/ethnic populations—especially of women—
is therefore needed. These studies are likely to be in-
formative, as depression appears at least as heritable
(around 40%) among African Americans[22, 23] and His-
panics [24] compared to European Americans.[1] Such ex-
tensions are also important given known racial/ethnic
(as well as sex) disparities. For example, epidemio-
logical studies have observed lower lifetime preva-
lence estimates for major depressive disorder (MDD)
among non-Whites,[25] despite a higher burden of social-
environmental adversity from stressful life events,[26]
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discrimination,[27, 28] and lower socioeconomic status.[29]

Epidemiological studies have also consistently showed a
twofold elevated risk of MDD in women compared to
men.[30]

Here, we aimed to address these limitations by con-
ducting a GWAS of depressive symptoms and perform-
ing a genome-wide by environment interaction study
(GWEIS), sometimes referred to as genomewide inter-
action scans, using data from a large population-based
epidemiological sample of African American and His-
panic/Latina women drawn from the Women’s Health
Initiative (WHI).

METHODS AND MATERIALS
OVERVIEW

As described elsewhere[31,32] (www.whi.org), the WHI consists of
an observational study (WHI-OS) and randomized clinical trial (WHI-
CT). The WHI-OS prospectively followed 93,676 postmenopausal
women ages 50–79 recruited from 40 clinical centers in the United
States between 1993 and 1998. The WHI-CT enrolled 68,132 post-
menopausal women of the same age and between the same time pe-
riod to participate in one of three prevention trials: (1) hormone
therapy; (2) dietary modification; and (3) calcium/vitamin D supple-
mentation. We analyzed data from women genotyped as part of the
WHI SNP Health Association Resource (SHARe), a sub-study of self-
reported minority women in WHI (n = 7,480 African American and
3,352 Hispanic/Latina women). All participants consented to be in-
cluded in studies for general research use. Data were downloaded
from the database of Genotypes and Phenotypes (dbGaP; accession
#phs000200.v9.p3).

PHENOTYPE DEFINITION
Depressive symptoms were assessed at enrollment using total scores

from a six-item version of the Center for Epidemiological Studies of
Depression Scale (CES-D),[33] a widely-used measure of depressive
symptoms in epidemiological studies. The six-item CES-D captured
core symptoms of depression in the past week, including anhedonia,
depressed mood, and behavioral symptoms (e.g., felt depressed; sleep
was restless; enjoyed life; had crying spells; felt sad; felt people disliked
you). The six-item scale correlates highly with the full 20-item CES-D
(r = 0.88).[32] Brief versions of the CES-D correlate highly in older
adults with diagnoses of MDD obtained from structured interviews.[34]

As CES-D scores in this population-based sample could have been
influenced by antidepressant medication use, we used a nonparametric
imputation algorithm developed in a previous GWAS of depressive
symptoms[6] to adjust the CES-D score of women taking antidepres-
sants (as determined by pill bottles women brought to the baseline
interview). This algorithm, which increased the CES-D score for all
antidepressant users, was based on one used to adjust blood pressure
for persons on antihypertensive medications[35] (see Supporting Infor-
mation).

We tested for statistical GxE interaction with two environmen-
tal exposures—stressful life events and social support—both of which
were shown to correlate with depressive symptoms in WHI[32] and
numerous other studies.[36] These two social–environmental exposures
were measured at enrollment, concurrently with depressive symptoms.
Stressful life events were assessed using a scale modified from the
Almeida County Study,[37,38] which asked women to indicate whether
they had experienced 11 different major losses or traumatic events in
the past year (see Supporting Information for specific items). Items
were summed to create a total count of the number of past-year stres-

sors among those with complete data on all stressors (ranging from 0
to 11). Social support was assessed using nine items from the 19-item
Medical Outcome Survey.[39] We summed across these items to obtain
a measure for level of perceived social support.

SNP GENOTYPING AND IMPUTATION
All participants were genotyped using the Affymetrix 6.0 chip de-

signed to human genome build 36. Genotyping, on all samples plus
2% blinded duplicates, was performed at Affymetrix, Inc., Santa Clara,
CA. A total of 720,101 (African Americans) and 709,042 (Hispan-
ics/Latinas) SNPs passed preimputation filters.

Quality control procedures were performed at the Fred Hutchin-
son Cancer Research Center (FHCRC) in Seattle, WA. As described
elsewhere (refer to[40] and Supporting Information), the WHI GAR-
NET Coordinating Center (www.garnetstudy.org) performed the im-
putation using the 1000 Genomes Interim reference panel (release
December 2010) and BEAGLE software version 3.3.1.[41]

QUALITY CONTROL (QC) OF SNPS AND SAMPLES
In addition to the QC standards imposed by WHI, we additionally

excluded SNPs with a MAF of !2% or imputation quality score <

r2 = 0.80. Population stratification was assessed by WHI investiga-
tors using a principal components analysis estimated by the program
EIGENSTRAT.[42] A total of 61 genetic outliers were removed from
the African American analysis based on their PCA scores. After QC,
10,771 women (7,419 African American and 3,352 Hispanic/Latina
women) were available for analysis. Allele dosages (meaning the prob-
ability of the three possible genotypes), rather than hard-called or “best
guess” genotypes, were used for both the GWAS and GWEIS analyses.

STATISTICAL ANALYSES
GWAS Analysis. We performed a GWAS, using PLINK ver-

sion 1.07,[43] separately for African Americans and Hispanics/Latinas.
We used linear regression for all analyses, modeled each SNP addi-
tively, and used the standard 5 × 10−8 as our threshold for statistical
significance. After obtaining GWAS results, SNPs were clumped ac-
cording to linkage disequilibrium (LD) to identify independent loci
represented by a single best SNP.[43] This clump procedure used the
following thresholds to identify independent SNPs: (1) SNPs that had
LD r2 " 0.25; and (2) SNPs that were within 250 kb. We also analyzed
SNPs on the X chromosome.

Both GWAS analyses (and the GWEIS, described below) adjusted
for the following covariates, measured at baseline: age, income, educa-
tion, marital status, and four principal components adjusting for pop-
ulation structure.[40] These covariates were included because each was
associated with depressive symptoms in either the SHARe or larger
WHI cohort,[32] and prior studies have suggested inclusion of co-
variates in GWAS of common phenotypes may increase power.[44]

Quantile-quantile (QQ) and Manhattan plots were generated using
R.[45] Regional association plots were generated using Locus Zoom.[46]

Inverse variance weighted fixed-effect meta-analyses were conducted
using METAL (http://www.sph.umich.edu/csg/abecasis/metal/;[47]).

GWEIS Analysis. We performed the GWEIS using
probABEL.[48] Both stressful life events and social support
were modeled separately using a categorical variable derived by
taking quartiles of the total score distribution (0 = first quartile; 1 =
second quartile; 2 = third quartile; 3 = fourth quartile). The lowest
quartile group (0) indicated the lowest social-environmental risk
group, whereas the highest quartile group (3) indicated the highest
social-environmental risk group. We used quartiles to facilitate
interpretation and address the skewed distribution of these variables;
categorization (into four or more categories) does not result in the loss
of information (and power) that occurs when continuous variables are
dichotomized.[49] We tested for GxE by including dummy variables
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for quartile group as well as a SNP by quartile-group (treated as
ordinal) interaction term in the model. We used a Bonferroni
correction to establish a significance threshold accounting for
multiple testing of two environmental exposures (α = 2.5 × 10−8). To
reduce the likelihood of spurious GxE findings, we used model-robust
estimates of standard errors (also known as sandwich standard
errors)[50] in all tests of GxE. Robust variance estimates can reduce
the possibility of inflated Type I errors found for GxE effects if the
environmental main effect is misspecified or if there is departure
from the presumed linear model.[51–53] P-values corresponding to the
interaction term (in the multiple regression model) were calculated in
R based on a Wald chi-square test.

REPLICATION
We sought replication of top GWAS findings (P < 1 × 10−6) in

each sample using data from four independent cohorts (see Support-
ing Information); two cohorts (HRS and HCHS/SOL) were also used
to replicate the GWEIS results. For the African American replica-
tion, we analyzed data from African American women in the Health
and Retirement Study (HRS; n = 1,231; mean age 62.09),[54,55] where
depressive symptoms were measured using an 8-item version of the
CES-D, social support was measured through three items asking about
support received from a spouse, children, family, and friends, and
stressful life events were measured through a composite measure de-
veloped to most closely approximate the discovery analysis. We also
analyzed data from African Americans in the Grady Trauma Project
(GTP; n = 2,010 women ages 18–65),[56] where depressive symptoms
were assessed using the Beck Depression Inventory.[57] For the His-
panic/Latino replication, we analyzed data from the Hispanic Commu-
nity Health Study/Study of Latinos (HCHS/SOL; n = 3,371 women
ages 50–76), where depressive symptoms were measured by a 10-item
CES-D, social support was measured through the 12-item version of
the Interpersonal Support Evaluation List,[58] and stressful life events
was assessed through a composite measure designed to match the dis-
covery sample. We also assessed top GWAS findings for both His-
panics and African Americans in the Cohorts for Heart and Aging
Research in Genomic Epidemiology (CHARGE Consortium), which
performed the largest meta-analysis GWAS of depressive symptoms to
date using 17 European-ancestry population-based studies (n = 51,258
individuals) of older adults where depressive symptoms were measured
through the CES-D.[6]

SECONDARY ANALYSES
We performed four secondary analyses. First, we conducted two

sets of meta analyses to determine the degree to which the top GWAS
SNPs (P < 10−5) obtained in African Americans also showed evidence
of nominal association in Hispanics/Latinas and vice versa. Second, we
reran the GWAS in each sample after additionally adjusting for both
environmental exposures, as both stressful life events and social support
were found to make large and unique contributions to the variance in
depressive symptoms. Third, we performed an analysis using genome-
wide complex trait analysis (GCTA), which uses restricted maximum
likelihood (REML) to obtain an estimation of the additive effect of
common variants or “SNP-chip heritability.”[59] We conducted these
analyses, focusing on depressive symptoms, stressful life events, and
social support separately, to evaluate the unique genetic contribution
to these phenotypes and the potential presence of gene–environment
correlation. We also examined the genetic contribution to depressive
symptoms after adjusting for each of these environmental exposures
individually. These analyses were performed only in African Amer-
icans, as a power calculation indicated the Hispanic/Latino sample
would be underpowered to detect SNP heritability estimates in the
range reported in previous studies of European Americans (ranging

from 21[60] to 32%[61] for major depressive disorder; MDD). We also
performed a bivariate REML analysis to determine the genetic cor-
relation between depressive symptoms and these two environmental
exposures.[62] Finally, to evaluate the strength of our findings given
the skewed distribution of our outcome, we repeated the top GWAS
(P < 1 × 10−5) and GWEIS (P < 1 × 10−6) tests of association using a
nonparametric bootstrap. For the top GWAS SNPs, we fit a linear re-
gression on 1,000 bootstrap samples using the boot package in R[63,64]

and compared the effective sizes (betas) from the bootstrap samples to
the betas obtained in the original analysis for each top SNP. For the
top GWEIS SNPs, we fit linear regressions to 5,000 datasets simulated
under the null hypothesis[65] and generated P-values for each top SNP.
These P-values represent the number of betas that were more extreme
than the beta obtained in the original analysis divided by 5,000 repli-
cates. A significant P-value therefore indicates that the GxE interaction
is significant at that level.

RESULTS
DISCOVERY SAMPLE: GWAS

There were 7,179 African American and 3,138 His-
panic/Latina women in the analysis. See Supporting In-
formation Table S1 for sample demographic characteris-
tics. Depressive symptoms scores were slightly higher in
Hispanics/Latinas (mean = 3.27; sd = 3.20) and skewed
toward lower values (skew = 1.22; kurtosis = 1.24), par-
ticularly in African Americans (mean = 2.52; sd = 2.71;
skew = 1.55; kurtosis = 2.97). However, as linear regres-
sion is robust to minor violations of normality[66] and
tests of GxE are sensitive to changing the scale of the
phenotype,[67] we did not perform any transformations.

Manhattan and QQ plots are shown in Supporting
Information Fig. S1. As shown in the QQ plot, there was
no evidence of inflation in either the African American
(λ = 1.004, median = 0.458) or Hispanic/Latina (λ =
0.998, median = 0.455) GWAS.

No SNPs achieved genome-wide significance in either
sample (Table 1). The peak signal in African Americans
(P = 5.75 × 10−8) was for an imputed SNP rs73531535
located 20 kb from GPR139 (the G protein coupled re-
ceptor 139), although several other SNPs in the region
that also showed support were genotyped (Supporting
Information Fig. S2). The second strongest association
signal in African Americans was observed at rs75407252
(P = 6.99 × 10−7), in an intron of CACNA2D3, which
encodes a voltage-dependent calcium channel subunit
(Supporting Information Fig. S3).

In Hispanics/Latinas, the peak signal (P = 2.44 ×
10−7) was for an imputed SNP rs2532087 located ap-
proximately 27 kb away from CD38 (Supporting Infor-
mation Fig. S4). The second strongest association signal
was for the imputed SNP rs4542757 (P = 7.31 × 10−7)
located in an intron of DCC (deleted in colorectal can-
cer; Supporting Information Fig. S5). All GWAS results
at P < 1 × 10−4 are shown for African Americans (Sup-
porting Information Table S2) and Hispanics/Latinas
(Supporting Information Table S3). No SNPs achieved
genome-wide significance on the X chromosome for ei-
ther sample (Supporting Information Table S4).
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REPLICATION SAMPLES: GWAS
Sixteen SNPs from the African American analysis

and 18 SNPs from the Hispanic/Latina analysis with
P < 1 × 10−5 were evaluated in four independent sam-
ples. For the African American replication (Table 2), one
SNP was nominally significant in the HRS (rs418207; P
= 0.015), though was not statistically associated after
correction for multiple testing (α = 0.003). This SNP
showed the same direction and magnitude of effect in
WHI and HRS and is intronic to SRGAP3, the gene
that encodes the enzyme SLIT-ROBO Rho GTPase-
activating 3.

In the Hispanic/Latina replication (Table 3), the peak
WHI signal (rs2532087) also had the lowest P-value of
the 18 SNPs in HCHS/SOL (P = 0.00964), though this
result was not significantly associated after multiple test-
ing correction (α = 0.003). However, the direction and
effect size were nearly identical in both the discovery and
replication samples (WHI β = 0.54; HCHS/SOL β =
0.56). The Hispanic/Latina discovery and HCHS/SOL
replication results were also highly concordant, with
72% of linear regression β coefficients (13 out of 18
SNPs) yielding the same direction of effect (sign test P =
0.05). None of the top GWAS findings in African Amer-
icans or Hispanics/Latinas were significantly associated
with depressive symptoms in the CHARGE consortium
of European Americans (refer to Supporting Informa-
tion Table S5).

DISCOVERY SAMPLE: GWEIS
Women in each sample reported a similar number of

stressful life events (African American mean = 2.15, sd =
1.57; Hispanic/Latina mean = 2.13, sd = 1.68) and lev-
els of social support (African American mean = 35.29,
sd = 7.63; Hispanic/Latina mean = 34.27, sd = 8.92).
The number of stressful life events and depressive symp-
toms were positively associated in both African Americans
(r2 = 0.10; P < 0.001) and Hispanics/Latinas (r2 =
0.10; P < 0.001). Social support was negatively associated
with depressive symptoms in both African Americans (r2

= 0.09; P < 0.001) and Hispanics/Latinas (r2 = 0.15;
P < 0.001).

There was no evidence of genomic inflation for the
African American stressful life events (λ = 0.99) and so-
cial support analyses (λ = 1.02) or the Hispanic/Latina
stressful life events (λ = 1.01) and social support analyses
(λ = 1.03) (Supporting Information Figs. S6 and S7).

One association signal was genome-wide significant
(rs4652467; P = 4.10 × 10−10) in African Americans for
the stressful life events GWEIS (Table 4). This SNP,
located within 20 kb of CEP350, was imputed, as were
other SNPs in the region with P < 2.4 × 10−8 (Fig. 1).
The second strongest signal in African Americans was
rs7275997 (P = 1.22 × 10−7), a genotyped intronic SNP
located in TMPRSS15 (transmembrane protease, serine
15; Supporting Information Fig. S8). The GWEIS of
social support in African Americans did not yield any
genome-wide significant results (Table 4). The top two

loci were rs77966298 (P = 2.43 × 10−7; Supporting In-
formation Fig. S9) and rs6419121 (P = 3.98 × 10−7;
Supporting Information Fig. S10).

In Hispanics/Latinas, we did not find any genome-
wide significant association signals for either GWEIS
(Table 5). The top two loci in the GWEIS of stress-
ful life events were rs58707171 (P = 3.02 × 10−7) and
rs6579218 (P = 4.94 × 10−7) (Supporting Information
Fig. S11). The top two loci in the GWEIS of social sup-
port were rs35612712 (P = 3.42 × 10−7) and rs61973969
(P = 9.41 × 10−7) (Supporting Information Fig. S12).

REPLICATION SAMPLES: GWEIS
No top variants were significant in any replication

sample (Table 6).

SECONDARY ANALYSES
The top loci in African Americans did not have sim-

ilarly low P-values in Hispanics/Latinas and vice versa
(see Supporting Information). Rerunning the GWAS
after including the environmental exposures did not
systematically change the results (see Supporting Infor-
mation). SNP heritability estimates for depressive symp-
toms and the environmental exposures were low (less
than 10%) when each was examined on its own and only
significant for stressful life events, after adjusting for co-
variates (Table 7). The numerically largest and statis-
tically significant estimate was found for stressful life
events (8%). Interestingly, a very large genetic corre-
lation was detected in the bivariate REML for depres-
sive symptoms and stressful life events (rG = 0.95; P =
0.04) after adjusting for covariates, suggesting that the
genetic influences on depressive symptoms and stress-
ful life events are largely shared. Indeed, after adjusting
for each environmental measure in the REML analy-
sis, no significant heritable signal for depressive symp-
toms remained. The GWAS and GWEIS results using
a nonparametric bootstrap were similar to our original
findings (see Supporting Information), suggesting our
results were not sensitive to distributional assumptions.

DISCUSSION
This study involved two major innovations in efforts

to identify the genetic basis of depression. First, to our
knowledge, this was the first genome-wide GxE analy-
sis of depression. Prior GxE studies have focused on a
relatively limited set of candidate gene polymorphisms,
many of which have showed mixed results.[10, 68] Sec-
ond, our study was also the largest GWAS of depres-
sive symptoms conducted specifically in African Amer-
icans and Hispanics/Latinas. To our knowledge, only
one prior GWAS was conducted among these groups;
this study had a much smaller sample (African Ameri-
cans n = 1,603; Hispanics n = 1,443) and did not examine
GxE.[69]

We highlight three findings. First, although no
genome-wide significant loci were detected in our
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274 Dunn et al.

Figure 1. Regional association plot for the top SNP (rs4652467) identified in the African American genome-wide by envi-
ronment interaction study (GWEIS) of stressful life events. The regional association plot was generated using LocusZoom
(http://csg.sph.umich.edu/locuszoom/). We present results for the African American reference panel only as the SNP was monomorphic
in Europeans (100% G allele). The left-side y-axis refers to the log of the P-value corresponding to the test of association between each
SNP (denoted as a colored dot) and stressful life events (in the test of GxE) and levels of depressive symptoms. SNPs are colored based
on the level of linkage disequilibrium (LD) between each SNP and the index SNP. r2 values are determined based on the HG19/1000
Genomes (March 2012 build) data. The index SNP (rs4652467, purple diamond) and its closest neighbors (shown in orange) are imputed.

GWAS, three of the strongest signals were in genes pre-
viously implicated in depression-related phenotypes. In
African Americans, our top SNP was located 20 kb from
GPR139. Recent studies show that GPR139 encodes a
highly conserved G-protein-coupled receptor whose lig-
ands are tryptophan and phenylalanine.[70] Expression
of GPR139 appears to be restricted to the central sys-
tem and evidence from mouse studies suggests that it is
specifically expressed in the lateral habenula and septum,
two regions previously implicated in the pathophysiol-
ogy of depression.[71] Based on these results, Bonaven-
ture and colleagues suggested that GRP139 may mediate
the well-established depressogenic effects of tryptophan
depletion.[70] Our second best SNP in African Americans
was located in a calcium channel gene (CACNA2D3).
Variants in calcium channel signaling genes have been
associated with MDD and other psychiatric disorders in
large-scale genome-wide association studies.[72, 73] How-
ever, the CACNA2D3 variant did not show evidence
of association in either the GTP or HRS replication
samples. In the analysis of Hispanics/Latinas, the sec-

ond strongest signal was located in DCC (deleted in col-
orectal cancer), which encodes the netrin-1 receptor.[74]

DCC regulates transmembrane signaling receptor activ-
ity and is mutated or downregulated in colorectal can-
cer and esophageal carcinoma. Manitt and colleagues
recently found DCC signaling aids in establishing me-
dial prefrontal cortex dopamine synaptic connectivity
and that higher expression of DCC may be linked to
suicide.[75] The DCC variant, however, was not associ-
ated with depressive symptoms in our replication sam-
ple. However, the DCC variant (as well as other top loci)
showed similar directions of effect across the discovery
and replication results, suggesting that our study may
have been underpowered. Indeed, a post-hoc power cal-
culation suggested we had poor power among the top
results (P < 1 × 10−5) to detect the effect sizes ob-
served given our discovery sample sizes (African Ameri-
cans = 7,179; Hispanics = 3,138). Specifically, the aver-
age power among the top SNPs was 0.26 in the African
American GWAS and 0.23 in the Hispanic discovery
GWAS. Thus, it appears that even larger samples sizes
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are needed to detect SNPs associated with depressive
symptoms.

Second, in the African American sample, we ob-
served a genome-wide significant interaction between
rs4652467, a variant 14 kb away from CEP350, and
stressful life events. This interaction suggested depres-
sive symptoms were highest among those with more ex-
posure to stressful life events who also had more copies
of the major allele. However, this GxE was not observed
in the HRS replication. Whether this lack of replica-
tion indicates a spurious GxE result or is due to the
differences in WHI and HRS phenotype definitions is
unclear. Of note, only three of the six depressive symp-
toms assessed in WHI were also assessed in HRS; the
stressful life events measures also had limited overlap
(see Supporting Information for comparisons). The fail-
ure to identify more genome-wide significant GxE loci
or replicate the one genome-wide significant finding may
also be due to the small discovery sample size or smaller
size of the HRS sample. Our discovery GWEIS analy-
sis could have been underpowered, especially since GxE
studies are known to require even larger samples than
primary genetic association studies, perhaps as much as
four times the size.[76, 77] However, a post-hoc power cal-
culation we ran suggested our discovery GWEIS had
high power (>90%) to detect the effect estimates we
observed. This power estimate is likely inflated due to
Winner’s Curse (or the phenomena by which detected
effects are larger than they really are)[78] and also does
not take into account measurement error. Future stud-
ies are needed to identify optimal methods to estimate
Winner’s curse adjusted effect sizes for GxE interaction
effects that also address measurement error.

Third, we were able to estimate the SNP heritabil-
ity of depressive symptoms as well as the two social-
environmental exposures in African Americans. SNP
heritability estimates were low (less than 10%) for all
three phenotypes. The SNP heritability for depressive
symptoms (5%) was numerically the lowest and about
one-quarter the size of estimates that have been ob-
served in case-control studies of MDD with European-
ancestry samples.[60, 61] SNP-chip heritability estimates
of other psychiatric and behavioral symptoms have also
been shown elsewhere[79, 80] to produce similarly lower
heritability estimates than those obtained from studies
examining disorders. Moreover, the largest and only sta-
tistically significant estimate observed was for stressful
life events (8%), suggesting there may be some degree
of gene-environment correlation. Our SNP heritability
estimate for stressful life events was lower than a pre-
vious study, which found that SNPs explained 29% of
the variance in stressful life events.[81] That study, how-
ever, was of European ancestry adults and focused on
6-month, rather than past-year stressors and was drawn
from a case-control sample of adults with recurrent
MDD. Interestingly, we also found a very large genetic
correlation for depressive symptoms with stressful life
events (rG = 0.95), suggesting that common variation
underlying depressive symptoms and stressful life event
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TABLE 6. Replication of genome-wide by environment interaction study (GWEIS) results for the top loci (P < 1 ×
10−6) in African Americans and Hispanics

SNP main effect
SNP × environment

interaction term
SNP Chr Position G/I Info MAF A1 A2 Freq1 β SE P-value β SE P-value

African Americans
Stressful Life Event Results (n = 952)
rs4652467 1 180097705 I 0.919 0.029 A G 0.971 0.143 0.310 0.645 −1.227 0.765 0.109
rs7275997 21 19663487 I 0.999 0.176 A G 0.176 −0.242 0.151 0.109 0.124 0.279 0.655
rs28377528 7 153884444 I 0.960 0.439 A G 0.439 −0.018 0.116 0.878 0.074 0.206 0.718
rs2852310 18 43093004 I 0.961 0.028 A G 0.972 0.192 0.273 0.483 0.660 0.422 0.118
rs12183135 6 151353805 I 0.953 0.025 C G 0.975 −0.693 0.374 0.064 −0.035 0.889 0.969
Social Support Results (n = 952)
rs77966298 2 10984514 I 0.995 0.027 A G 0.027 0.177 0.686 0.796 −0.073 0.319 0.820
rs6419121 4 88490040 I 0.994 0.177 C G 0.823 −0.136 0.259 0.598 0.105 0.131 0.422
rs10836421 11 35581792 I 0.998 0.284 A G 0.716 0.325 0.193 0.092 −0.166 0.100 0.098
rs78012311 21 33634345 I 0.995 0.082 C G 0.918 0.470 0.343 0.171 −0.243 0.176 0.167
Hispanics
Stressful Life Event Results (n = 1,117)
rs58707171 4 36317832 I 0.992 0.040 A C 0.960 0.374 0.413 0.365 −0.771 0.788 0.328
rs6579218 20 33709846 I 0.997 0.141 G C 0.141 0.554 0.241 0.022 0.210 0.411 0.609
rs10227305 7 3272267 G 1 0.196 A C 0.804 0.115 0.211 0.586 0.233 0.362 0.521
Social Support Results (n = 1,117)
rs35612712 4 187347203 I 0.999 0.401 T C 0.401 −0.026 0.174 0.883 −0.170 0.268 0.525
rs61973969 13 96689182 I 0.998 0.035 T C 0.035 −0.118 0.458 0.797 0.467 0.706 0.509

The African American replication was performed in HRS, Health and Retirement Study. The Hispanic/Latino replication was performed in
HCHS/SOL, Hispanic Community Health Study/Study of Latinos. The Bonferroni adjusted α level in these analyses was 0.05/9 = 0.006. Robust
(sandwich) standard errors were used.

exposure, though modest on their own, were highly over-
lapping in this sample. This finding could be an artifact
of the correlated nature of these variables when assessed
in cross-sectional studies. Indeed, stressful life events (r
= 0.32) and social support (r = 0.30) were modestly cor-
related with depressive symptoms, and thus these GCTA
results could reflect shared genetic contribution to self-
reported measures. Future studies are needed to replicate
these findings and determine the impact of this degree of

gene-environment correlation (as well as environment-
depression correlation) for studying GxE.

Another area for future research relates to whether
and how to adjust for use of antidepressant medica-
tions in studies of depressive symptoms. In the cur-
rent study, we followed the precedent set by the
CHARGE consortium,[6] which conducted the largest
meta-analysis of depressive symptoms to date, and used
an algorithm to modify our depressive symptom score

TABLE 7. Results of genome-wide complex trait analysis based on the GREML method

Model 1 Model 2
V(G)/Vp SE P V(G)/Vp SE P

Depressive symptoms 0.05 0.04 0.07 0.04 0.04 0.16
Stressful life events 0.08 0.04 0.02 0.06 0.04 0.06
Social support 0.04 0.04 0.13 0.03 0.04 0.25
Depressive symptoms, controlling for stress 0.03 0.04 0.18 0.02 0.04 0.29
Depressive symptoms, controlling for support 0.04 0.04 0.11 0.03 0.04 0.19

rG SE P rG SE P
Depressive symptoms and stressful life events 0.95 0.32 0.01 0.97 0.48 0.04
Depressive symptoms and social support −0.80 0.45 0.08 −0.79 0.76 0.21

V(G)/Vp = SNP heritability estimate.
rG = bivariate REML analysis.
Model 1: Adjusted for age, principal components, and imputation group.
Model 2: Adjusted for Model 1 covariates and income, education, marital status.
All phenotypes were treated as continuous measures.
P-values for the bivariate REML analysis are one-sided and test whether the genetic correlation between depressive symptoms and each of the two
environmental exposures is significantly different from zero.
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to account for medication use. By harmonizing our de-
pressive symptoms phenotype to theirs, we aimed to fa-
cilitate future replication efforts and increase interpreta-
tion of results across individual studies. However, there
are certainly many alternative approaches, such as con-
ducting the GWAS and GWEIS analyses after excluding
medication users, or accounting for medication use us-
ing alternative adjustment algorithms (of note, including
antidepressant medication use would not have been ap-
propriate, for reasons outlined in the Supporting Infor-
mation). Simulation studies are needed to fully evaluate
the strengths and drawbacks of alternative approaches.
Such studies could evaluate the extent to which differ-
ent conditions (e.g., the percentage of the sample taking
medications, the shape of the distribution of the out-
come, the average effect sizes for the efficacy of medica-
tions, and differences in the distribution of outcome by
medication use) produce different GWAS and GWEIS
effect estimates.

As noted, future studies pursuing genome-wide envi-
ronment interaction will require large samples. In the
absence of a large sample, researchers can use several al-
ternative approaches to GWEIS including: (1) testing for
GxE with replicable variants identified from GWAS; (2)
pursuing two-stage genome-wide GxE[82]; and (3) con-
ducting gene pathway-by-environment interaction anal-
yses [83] or polygenic risk score-by-environment interac-
tion analyses.[84–86]

Several limitations should be noted. First, the outcome
was based on a brief inventory of depressive symptoms
during the past week, rather than levels of depressive
symptoms captured over a longer period of time. Thus, it
is unclear how long these symptoms lasted. However, the
CES-D has demonstrated excellent psychometric prop-
erties, including in predicting DSM-IV diagnoses,[33, 34]

and its widespread use in epidemiological studies en-
abled us to conduct discovery and replication analyses.
Future studies of trait or diagnostic measures of de-
pressive symptoms in minority populations are needed.
Second, the social-environmental exposures included in
our GxE analyses were based on retrospective report-
ing and in the case of stressful life events, only captured
the prior year. Thus, our study was not designed to cap-
ture whether genetic variation interacted with stressors
experienced earlier in the lifespan. Prospective studies
examining GxE at different stages of the lifespan are
needed. Moreover, stressful life events and social support
were assessed concurrently with depressive symptoms in
the discovery sample as well as both replications. This
may not be ideal, especially when studying the effects of
stress, as prior work suggests the odds of depression is
greatest in the same month of the stressor.[87] Longitudi-
nal, prospective studies measuring social-environmental
exposures antecedent to and close in time to depres-
sive symptoms are necessary. These study designs are
particularly important, as prior work suggests support
for the 5-HTTLPR G×E, for example, is more consis-
tent when structured interviews of stressful life events
are used instead of self-report questionnaires.[88, 89] Fi-

nally, our replication samples were smaller and more
phenotypically heterogeneous than the discovery sam-
ple. For example, the WHI and HRS samples were of
older adults, GTP comprised mostly middle-aged adults,
and HCHS/SOL comprised a broader age range. The
phenotypic measures also varied across these samples.
Unfortunately, these limitations reflect the state of the
field. Harmonizing data for GWAS and GxE analyses
on a large scale in racial/ethnic minority populations
is challenging. Whether our failure to replicate reflects
Type I error in the discovery sample or Type II error in
the replication is unknown. By undertaking these anal-
yses, we hope to spark more large-scale epidemiological
studies to incorporate such measures and to study the
genetic determinants of depression in women, who are
more burdened by the disorder than men.
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Description of Discovery and Replication Samples: Sampling, Genotyping, and Statistical Analyses 
	
A.  Women’s Health Initiative (WHI) SNP Health Association Resource (SHARe) 
	
As described elsewhere 1; 2 (www.whi.org), the WHI consists of an observational study (WHI-OS) and 
randomized clinical trial (WHI-CT).  The WHI-OS has prospectively followed 93,676 postmenopausal women 
ages 50-79 recruited from 40 clinical centers in the United States between October 1 1993 and December 31 
1998.  The WHI-CT enrolled 68,132 postmenopausal women of the same age and between the same time period 
to participate in one of three prevention trials: (1) hormone therapy; (2) dietary modification; and (3) 
calcium/vitamin D.  We analyzed data from 7,480 African American and 3,352 Hispanic women who were 
genotyped as part of the WHI SNP Health Association Resource (SHARe), a sub-study of self-reported 
minority women in WHI. 
	
From the WHI cohort, 12,500 African American or Hispanic women were chosen based on appropriate consent 
and available DNA to make up the SHARe sample. Participants in both the WHI-OS and WHI-CT components 
were included.  An initial cohort included 12,156 African American or Hispanic women, divided nearly equally 
between WHI-OS (African American N=3869, 45%; Hispanic N=1753, 48%) and WHI-CT (African American 
N=4646, 55%; Hispanic N=1888, 52%) components. Of these 12,156 women, there were 99 could not be 
genotyped.  In addition subjects with call rate<95% (N=16), who were duplicates (N=34) or had a 
Y chromosome (N=1) were removed, leaving a cohort of 12,008 women.  Only data from the 10,832 (7,480 
African American and 3,352 Hispanic/Latina women) consented to be included in studies for general research 
use are included in this analysis; data from these women were included in the database of Genotypes and 
Phenotypes (dbGaP). 
	
Of note, the inclusion criteria are quite different between observational and clinical trial studies.  Indeed, 
subjects included in the observational study (OS) are primarily those who did not want to participate in the 
clinical trial portion (CT), or who did not meet eligibility criteria. Though in some cases subjects were recruited 
directly for the observational study.  This distinction is somewhat diluted by the fact that the clinical trial 
component is made up of three different clinical trials, each with distinct inclusion criteria, including diet 
modification, Vitamin D supplementation, and hormone therapy.  Given the significant variation within the 
clinical trial cohort, it is less likely that there is a consistent bias introduced because of differences in inclusion 
criteria.  The difference in inclusion criteria between CT and OS will likely lead to overall differences between 
those two groups as a whole.  However, in the SHARe cohort, which is split nearly equally between the two 
groups (OS and CT), the distinction may contribute to a more representative sample, since subjects who would 
meet inclusion criteria are not over represented as they would be if the observational study was a population 
cohort. 
	
All participants were genotyped using the Affymetrix 6.0 chip designed to human genome build 36. 
Genotyping, on all samples plus 2% blinded duplicates, was performed at Affymetrix, Inc., Santa Clara, CA.  A 
total of 720,101 (African Americans) and 709,042 (Hispanics) SNPs passed pre-imputation filters.  Data 
cleaning and harmonization were performed at the Fred Hutchinson Cancer Research Center (FHCRC) in 
Seattle, WA.  As described elsewhere 3, the WHI GARNET Coordinating Center (www.garnetstudy.org) 
imputed additional SNPs using the 1000 Genomes reference panel build 37 (release December 2010 interim) 
and BEAGLE software version 3.3.1 4. SNPs were selected for imputation based on mapping to build 37 and 
meeting several quality filters.  Specifically, SNPs with low concordance rates (<98% ascertained from 
duplicate samples), and low call rates (<95%) were excluded from imputation and SNPs with minor allele 
frequency (MAF) of ≥ 1% and Hardy-Weinberg equilibrium p-values > 0.0001 were included.  Imputation was 
performed in three groups (two African American groups and one Hispanic/Latina group).  Imputation for the 
African American group was randomly divided into two groups of roughly equal size to minimize computation 
time.  A combined African and European panel was used to impute the African American samples.  A combined 
panel of Asian, European, African, and American samples was used to impute the Hispanic/Latina sample. 



Allele dosages (the probability of each of the three genotypes, reflecting the level of certainty in the genotype 
prediction) were imputed for autosomes (7,500,448 imputed SNPs in Hispanics; 8,731,206 imputed SNPs in 
African Americans); and the X chromosome.  After filtering, the total number of SNPs passing our filters was 
similar for African American (5,489,102) and Hispanic/Latina women (5,297,172). 
	
Both GWAS analyses (and the GWEIS) adjusted for the following covariates, measured at baseline: age (ages 
50-59- referent; ages 60-69; ages 70-79), income (1=less than 19,000-referent; 2=20,000-49,000; 3=50,000 and 
above; 4=missing), education (1=less than high school-referent; 2=high school/vocational technical training; 
3=some college or Associates degree; 4=college degree; 5=graduate school or degree; 6=missing), marital 
status (1=never married-referent; 2=divorced/separated; 3=widowed; 4=married/married like relationship; 
5=missing), and four principal components generated by the WHI GARNET Coordinating Center using 
EIGENSTRAT 5 to adjust for population structure 3. In the analyses with African Americans, we also adjusted 
for imputation group (group 1 versus group 2) as the imputation was conducted in two groups. 
	
B.  Grady Trauma Project (GTP) 
	
The Grady Trauma Project (GTP) is a cross-sectional study that has genotyped approximately 4000 individuals 
and collected phenotype data on multiple psychiatric disorders, including post-traumatic stress disorder, Major 
Depressive Disorder, as well as exposure to child trauma 6. GTP participants are predominately urban, low 
socioeconomic status adults (mean age 40 years) of African American ancestry with high rates of current PTSD 
(estimated at 30%).  Participants were recruited from waiting rooms in the gynecology and primary care 
medical (non-psychiatric) clinics at Grady Memorial Hospital, a publicly funded hospital in Atlanta, Georgia. 
To be eligible for participation, participants had to be between 18-65 years of age, not actively psychotic, and 
able to give informed consent.  After signing an informed consent approved by the Emory Institutional Review 
Board, trained research assistants administered the interview consisting of questionnaires.  The interview took 
45-75 minutes to complete.   Additional details about the cohort are available here: 
http://gradytraumaproject.com 
	
GTP participants provided a blood and/or saliva sample (Oragene saliva kits; DNAGenotek, Ottawa, Ontario, 
Canada).  DNA was extracted from saliva using the Agencourt DNAdvance Nucleic Acid Isolation Kit 
(Beckman Coulter, Inc., Brea, CA), or from blood using either the E.Z.N.A. Mag-Bind Blood DNA Kit (Omega 
Bio-Tek, Inc., Norcross, GA) or ArchivePure DNA Blood Kit (5 Prime, Inc, Gaithersburg, MD).  Genome-wide 
genotyping was conducted using Illumina’s Omni1-Quad BeadChip, which captures 1,011,219 individual SNPs. 
Genotypes were then called using Illumina’s GenomeStudio software.  The quality control parameters for 
retaining SNPs and subjects were: SNP missingness < 0.05 (before sample removal); subject missingness < 
0.02; autosomal heterozygosity deviation (imbreeding coefficient:| Fhet | < 0.2); SNP missingness < 0.02 (after 
sample removal); differential missingness between cases and controls < 0.02; and Hardy-Weinberg equilibrium 
(P > 10−6 in controls or P > 10−10 in cases). 
	
Genotype imputation was performed using the pre-phasing/imputation stepwise approach implemented in 
SHAPEIT / IMPUTE2 (imputing chromosomal chunk size of 3 Mb using default parameters).  The imputation 
reference set consisted of 2,186 phased haplotypes from the full 1000 Genomes Project dataset (August 2012, 
30,069,288 variants, release “v3.macGT1” 
http://mathgen.stats.ox.ac.uk/impute/data_download_1000G_phase1_integrated.html).  After imputation, SNPs 
with high imputation quality (INFO >0.8) and low missingness (<1%) were identified for further quality control. 
After linkage disequilibrium pruning (r2 > 0.02) and frequency filtering (MAF > 0.05), there were 100,151 
autosomal SNPs.  This SNP set was used for robust relatedness testing and population structure analysis. 
Relatedness testing was done with PLINK, and among pairs of subjects with PI_HAT > 0.2, one member of 
each pair was removed at random after preferentially retaining post-traumatic stress disorder (PTSD, the 
original study phenotype) cases over controls.  Principal component analysis was done with the same collection 
of autosomal SNPs.  Further quality control of the imputed data included INFO > 0.1 and MAF > 0.005. 



In the female GTP sample, we sought to replicate top findings from the GWAS (p<1x10-6) using linear 
regression under an additive model. After removing individuals receiving treatment for schizophrenia (N=127), 
the GTP GWAS analyses adjusted for the following covariates: age (quartiles: ages 18-25- referent; ages 26-37; 
ages 38-50, ages 51-65), income per month (1=less than 499-referent; 2=500-999; 3=1000-1999; 4=2000 or 
more), education (1=less than high school-referent; 2=high school graduate/GED; 3=some college/technical 
school graduate;4=college graduate; 5=graduate school or degree), marital status (1=single or never married- 
referent; 2=married; 3=divorced/separated; 4=widowed; 5=domestic partner).  In addition, the top 5 principal 
components were included as covariates to adjust for population structure. 
	
C.  Hispanic Community Health Study/Study of Latinos (HCHS/SOL) 
	
The Hispanic Community Health Study (HCHS)/Study of Latinos (SOL) is a community-based prospective 
cohort study of 16,415 self-identified Hispanic/Latino persons (aged 18-74 at screening) from randomly 
selected households in four U.S. field centers (Chicago, IL; Miami, FL; Bronx, NY; San Diego, CA) with 
baseline examination (2008 to 2011) and yearly follow-up by telephone for at least three years.  The 
HCHS/SOL cohort includes participants who self-identified as having Hispanic/Latino background, the largest 
groups being 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 goals of the HCHS/SOL are to describe the prevalence 
of risk and protective factors for chronic conditions (such as diabetes, pulmonary disease, and cardiovascular 
disease), and to quantify mortality and disease exacerbation over time.  The baseline clinical examination 7 

included comprehensive biological (e.g., anthropometrics, blood draw, oral glucose tolerance test, ankle 
brachial pressure index, electrocardiogram), behavioral (e.g. dietary intake, physical activity, overnight sleep 
exam, tobacco and alcohol use), and socio-demographic (e.g., socioeconomic status, migration history) 
assessments. 
	
The sample design and cohort selection has been previously described 8. Briefly, a stratified two-stage area 
probability sample of household addresses was selected in each of the four field centers. The first sampling 
stage selected census block groups, and the second stage selected households within each block group. Both 
stages oversampled certain strata to increase the likelihood that a selected address yielded a Hispanic/Latino 
household. Households were screened for eligibility, and the 45-74 age group was oversampled.  The unequal 
probabilities of selection in the HCHS/SOL cohort are taken into account by including a trimmed and calibrated 
sampling weight as a covariate in the association tests. 
	
HCHS/SOL subjects who consented to have their DNA extracted for genetic studies had blood samples sent to 
Illumina Microarray Services for genotyping on the Illumina SOL HCHS Custom 15041502 B3 array.  This 
array comprised the Illumina Omni 2.5M array (HumanOmni2.5-8v1-1) and additional custom content selected 
for HCHS/SOL, including ancestry-informative markers, variants characteristic of Amerindian populations, 
known GWAS hits, and other candidate gene markers.  Quality assurance/quality control (QA/QC) was 
performed by Illumina, LA Biomed, and the HCHS/SOL Genetic Analysis Center (GAC) according to 
recommended methods 9 to generate recommended SNP and sample-level quality filters.  In brief, samples were 
checked for annotated versus genetic sex, gross chromosomal anomalies 10, call rates, batch effects, duplicate 
sample discordance, Mendelian errors, relatedness, and population structure. 12,803 unique study samples 
passed these criteria and were used for association testing. SNPs that passed the Illumina/LA Biomed assay 
failure indicator were further checked for Hardy-Weinberg equilibrium, MAF, duplicate probe discordance, and 
missing call rate. A total of 2,232,944 SNPs passed both quality and informativeness filters (unduplicated on the 
array and polymorphic) 
	
Genome-wide imputation was carried out on all 12,803 samples together using the 1000 Genomes Project phase 
1 reference panel 11 and IMPUTE2 software 12; 13. Genotypes were first pre-phased with SHAPEIT2 (v2.r644) 
and then imputed with IMPUTE2 (v2.3.0). Only variants with at least two copies of the minor allele present in 



any of the four 1000 Genomes continental panels were imputed, yielding a total of 25,568,744 imputed variants. 
Overall imputation quality was assessed both by looking at the distribution of imputed quality metrics by 
different MAF levels and by examining results from the IMPUTE2 internal masking experiments (as some 
genotyped variants were “masked”, meaning removed from the imputation basis). 
	
The following approach was used to simultaneously characterize population structure and relatedness between 
individuals within sub-populations, in the presence of admixed individuals. 

1.   Estimate relatedness using KING-robust 14, which is robust to discrete population structure but not to 
admixture or departures from HWE within sub-populations. 

2.   Use PC-AiR15 to find ancestry-representative principal components with the following steps: 
a)  Partition the sample into a mutually unrelated set and the remaining (relatives of the unrelated set) 
b)  Perform standard principal components analysis (PCA) on the set of unrelated individuals 
c)  Predict sample eigenvectors for the set of related individuals based on genetic similarity 

3.   Re-estimate relatedness using PC-Relate 16, which uses sample eigenvectors to provide unbiased kinship 
coefficients in the presence of population structure, admixture and HWE departures. 

4.   Repeat steps 2-3 to obtain final sets of sample eigenvectors and kinship coefficients . 
	
This procedure identified 19 individuals with primarily East Asian ancestry, who were excluded from analysis 
and the above procedure was repeated for the remaining 12,784 samples. 
	
From the HCHS/SOL sample set, 3,371 females aged at least 50 were selected to match the demographics of the 
WHI sample set.  The GWAS analyses used a linear mixed-effect model to account for the correlations between 
individuals due to genetic relatedness (kinship), shared household, and block group.  These correlation matrices 
were modeled as random effects. The analyses also adjusted for the following covariates as fixed effects: 
log(sampling weight), field center, age (decades: ages 50-59- referent; ages 60-69; ages 70-76), education (1=no 
high school diploma or GED- referent, 2=at most a High school diploma or GED, 3=greater than high school 
(or GED) education, 4=bachelors degree, 5=masters, professional, or doctorate degree), marital status 
(1=single- referent, 2=married or partnered, 3=divorced or separated, 4=widowed).  In addition, the top 5 
principal components were included as covariates to adjust for population stratification. Income was not 
included due to high levels of missing data. 
	
D.  Health and Retirement Study (HRS) 
	
The Health and Retirement Study (HRS) is a longitudinal panel study that surveys a representative sample of 
approximately 20,000 Americans over the age of 50 every two years.  The study collects information about 
income and wealth, health and use of health services, cognition and physical functioning, work and retirement, 
and family connections 17; 18. DNA was extracted from buccal swabs or saliva collected during a face-to-face 
interview in the respondents' homes.  These data represent respondents who provided DNA samples and signed 
consent forms in 2006 (Phase 1), 2008 (Phase 2), and 2010 (Phase 3). 
	
Respondents were excluded from this analysis if they were male, less than 40 years of age, had a low cognitive 
score (equivalent of MMSE < 22), or had missing genotype or phenotype data.  A total of 1231 African 
Americans were included in the GWAS analysis.  Average age at assessment was 62.09 years (sd=7.84).  A 
total of 129 (10.48%) were using antidepressant medications, which were assessed from self-reported use of 
medications for depression.  The GWEIS analysis included 952 respondents, where mean age was 62.60 
(sd=7.71) and 95 (9.98%) were using antidepressant medication. 
	
DNA was collected either from buccal swabs and extracted using the Qiagen Autopure method (Phase 1 
samples), or from saliva samples extracted with Oragene (Phase 2 and Phase 3 samples). The DNA samples 
were genotyped at the Center for Inherited Disease Research (CIDR) using the Illumina HumanOmni2.5 array. 
DNA samples from Phases 1 and 2 were called together, and DNA samples from Phase 3 were called 



subsequently. GenomeStudio version 2011.2, Genotyping Module 1.9.4, and GenTrain version 1.0 were used 
for all genotype calling. A total of 12,507 subjects from Phase 1-2 and 3,175 subjects from Phase 3 were 
successfully genotyped by CIDR.  The Genetics Coordinating Center of the University of Washington 
subsequently applied quality assurance / quality control methods 9 to generate recommended SNP and sample 
level quality filters.  In brief, samples were checked for annotated versus genetic sex, gross chromosomal 
anomalies 10, relatedness and population structure, missing call rates, batch effects, duplicate sample 
discordance, and Mendelian errors.  At the SNP level, checks were performed for Hardy-Weinberg equilibrium 
(separately within subsamples of non-Hispanic whites and African Americans), MAF, duplicate probe 
discordance, and missing call rate. 
	
Genome-wide imputation was carried out using the 1000 Genomes Project phase 1 reference panel 11 and 
IMPUTE2 software 12; 13. A total of 15,620 samples were imputed together (12,505 Phase 1-2 samples and 
3,115 Phase 3 samples) using genotyped SNPs passing the quality filter and representing unique genomic 
positions.  Genotypes were first pre-phased with SHAPEIT2 and then imputed with IMPUTE2 (v2.3.0).  Only 
variants with at least four copies of the minor allele present in any of the four 1000 Genomes continental panels 
were imputed, yielding a total of 23,070,889 imputed variants.  Overall imputation quality was assessed both by 
looking at the distribution of imputed quality metrics across the MAF spectrum and by examining results from 
the IMPUTE2 internal masking experiments. 
	
The GWAS and GWEIS analyses adjusted for the following covariates: income (1=<19,000; 2=20,000-49,000; 
3=50,000+; 4=missing), age (1=50-60, 2=60-70, 3=70-80), education (1=less than high school, 2=high 
school/GED, 3=some college or two year college degree, 4=college degree, 5=graduate degree, 6=missing), 
marital status (1=never married, 2=divorced/separated, 3=widowed, 4=married/partnered, 5=missing), and the 
top 10 PCs.  Income, age, education and marital status were treated as categorical variables and PCs were 
treated as continuous variables.  Both the GWAS and GWEIS replications were conducted using R 3.0.1, where 
A1 was the tested allele for GWAS and A2 was the tested allele for GWEIS replication. 
	
E.  Adjustment for Antidepressant Medications 
	
As CES-D scores in this population-based sample could have been influenced by antidepressant medication use, 
we used a nonparametric imputation algorithm developed in a previous GWAS of depressive symptoms19 to 
adjust the CES-D score of women taking antidepressants (as determined by pill bottles women brought to the 
baseline interview).  This algorithm made two assumptions: (1) the CES-D score of a woman taking 
antidepressants is lower (i.e., indicating fewer depressive symptoms) than would be expected if she were not 
taking antidepressants; (2) women with high CES-D scores, on average, respond less to their antidepressant 
than women with lower CES-D scores.  We therefore replaced the CES-D score of women on antidepressants 
(n=429) with the mean depressive symptom score of all persons using antidepressants that had the same or a 
higher CES-D score.  For example, an antidepressant user with an observed CES-D score of 4 would have a 
revised score of 7.11 (derived by taking the average CES-D scores of antidepressant users with a CES-D value 
of 4 or greater).  Thus, CES-D scores for all antidepressant users were increased through this algorithm (average 
difference=2.21).  This algorithm was based on one used to adjust blood pressure for persons on 
antihypertensive medications 20. 
	
As described in the Discussion section of the paper, there are certainly many alternative approaches.  Of note, 
we decided not to treat antidepressant medication use as a covariate for the following reasons.  There are two 
reasons to treat a given variable as a covariate.  The first is because it is a precision variable, meaning a variable 
that improves the model's prediction of the trait.  Thus, by including the precision variable in the analysis, we 
are able to reduce the variance in the outcome and increase power (to capture the predictive ability of other 
variables in the model).  The second is because the variable is a confounder, which in this case would be a 
variable that is associated with both the genotype and depressive symptoms.  Whether medication use is a 
precision variable or a confounder, inclusion of medication use as a covariate means that we then estimate its 



association with depressive symptoms conditioned on all other variables in the model.  However, the effect of 
medication use on depressive symptoms cannot be estimated by the model in this way, since a woman who uses 
medications has a reduced depressive symptom score compared to what it would actually be had she not been 
using medication. 
	
F.  Conduct of the GWEIS Analysis 
	
We performed the GWEIS using probABEL 21. Both stressful life events and social support were modeled 
separately using a categorical variable derived by taking quartiles of the total score distribution (0=first quartile; 
1=second quartile; 2=third quartile; 3=fourth quartile).  The lowest quartile group (0) was used to indicate the 
lowest social-environmental risk group, whereas the highest quartile group (3) indicated the highest social- 
environmental risk group.  We tested for GxE by including dummy variables for quartile group as well as a SNP 
by quartile-group (treated as ordinal) interaction term in the model.  Thus, the GxE analysis included the SNP 
main effect, the environmental main effect (i.e., 3 of the categorical variables, with the omitted group being the 
0 quartile group), and a cross-product interaction term corresponding to the test for interaction between the SNP 
and an interval variable corresponding to level of quartile group (0,1,2, or 3). 
	
We used a Bonferroni correction to establish a significance threshold accounting for multiple testing of two 
environmental exposures (alpha=2.5x10-8). To reduce the likelihood of spurious GxE findings, we used model- 
robust estimates of standard errors (also known as sandwich standard errors) 22 in all tests of GxE.  Prior work 
suggests robust variance estimates can reduce the possibility of inflated Type I errors found for GxE effects if 
the environmental main effect is misspecified or if there is departure from the presumed linear model 23-25. P- 
values corresponding to the interaction term (in the multiple regression model) were calculated in R based on a 
Wald chi-square test. 



	
	
A.  Depressive Symptoms 

Description of Phenotypes in Each Sample 

Table 1 below summarizes the individual items used to capture depressive symptoms across each of the studies. 
The table is organized by the WHI indicators to show where similar items were assessed across each study. 
	
WHI.  Depressive symptoms were assessed at enrollment using total scores from a six-item version of the 
Center for Epidemiological Studies of Depression Scale (CES-D) 26, which is arguably the most widely-used 
measure of depressive symptoms in epidemiological studies.  The six item CES-D captured core symptoms of 
major depressive disorder (MDD) in the past week, including anhedonia, depressed mood, and behavioral 
symptoms (e.g., felt depressed; sleep was restless; enjoyed life; had crying spells; felt sad; felt people disliked 
you).  These items were combined into a total score, derived by summing the individual items (after reverse 
coding item 3); higher scores indicated higher depressive symptoms.  The six item scale has been found to 
correlate highly with the full 20 item scale (r=0.88) 2. 
	
GTP. Depressive symptoms were measured using the Beck Depression Inventory, Second Edition (BDI-II) 27, 
which is a 21-item psychometrically validated, widely used, continuous measure of current depressive 
symptoms The self-report measure contains items assessing the presence and severity of depressive symptoms 
over the past two weeks rated on a scale of 0 to 3. Responses are summed to yield a total BDI score, with raw 
scores indicating minimal depression (0-13), mild depression (14-19), moderate depression (20-28), and severe 
depression (29-63).  Evidence for the BDI’s reliability and validity has been shown across different populations 
and cultural groups in individuals ranging from 13 to 80 years of age 28; 29. 
	
The original BDI was revised in 1996 to be more consistent with Major Depressive Disorder criteria in the 
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV). 
	
HCHS/SOL.  Depressive symptoms were measured using a 10-item CES-D, which asked respondents to report 
how often in the past week they experienced each symptom.  Response options ranged from 0=rarely or none of 
the time (<1 day) to 3=all of the time (5-7 days). 
	
HRS.  Depressive symptoms were measured in the HRS using an 8-item CES-D, which asked respondents 
whether they experienced each symptom much of the time during the past.  Response options were yes/no. 
Positive items were reverse scored. 



Table 1.  Summary of depressive symptoms indicators used across each study 
WHI 

(6-item CES-D) 
GTP 

(21 item Beck) 
HCHS/SOL 

(10-item CES-D) 
HRS 

(8-item CES-D) 
You felt depressed   I felt depressed.  You felt depressed. 
Your sleep was restless  Changes in Sleeping Patterns  My sleep was restless.  Your sleep was restless 
You enjoyed life  Loss of Pleasure 

Loss of Interest 
You had crying spells  Crying 
You felt sad  Sadness  You felt sad 
You felt that people disliked you  Self-Dislike 

Pessimism 
Past Failure 
Guilty Feelings 
Punishment Feelings 
Tiredness or fatigue  I could not “get going”.  You could not get going. 
Self-Criticalness 
Suicidal Thoughts or Wishes 
Lost of interest in sex 
Indecisiveness 
Worthlessness 
Loss of Energy  I felt that everything I did 

was an effort. 
You felt that everything 
you did was an effort. 

Irritability 
Changes in Appetite 
Concentration difficulty  I had trouble keeping my 

mind on what 
I was doing. 

Agitation  I was bothered by things 
that usually 
don’t bother me. 
I felt hopeful about the 
future. 
I felt fearful. 
I was happy.  You were happy. 
I felt lonely.  You felt lonely. 

You enjoyed life. 



B.  Social Support 
	
WHI.  Social support was assessed using nine items from the 19-item Medical Outcome Survey 30. Women 
rated how often they experienced social support (1=none of the time to 4=all of the time).  These nine items 
were: (1) Someone you can count on to listen to you when you need to talk; (2) someone to give you good 
advice about a problem; (3) someone to take you to the doctor if you need it; (4) someone to have a good time 
with; (5) someone to help you understand a problem when you need it; (6) someone to help with daily chores if 
you are sick; (7) someone to share your most private worries and fears; (8) someone to do something fun with; 
and (9) someone to love you and make you feel wanted.  We summed across items to obtain a measure for 
levels of perceived social support.  We then used quartiles in this distribution of level of social support to create 
a set of categorical variables (0=highest levels of social support; 3=lowest levels of social support) for use in the 
GxE analysis. 
	
HCHS/SOL.  Social support was assessed using the 12-item Interpersonal Support Evaluation List (ISEL-12), 
which asks respondents to indicate the different types of social support they have available 31. Sample items 
include: If I were sick, I could easily find someone to help me with me daily chores; I don’t often get invited to 
do things with others; When I need suggestions on how to deal with a personal problem, I know someone I can 
turn to.  Response options are: 0 = Definitely False; 1 = Probably False; 2 = Probably True; 3 = Definitely True. 
Total scores were derived by summing across all individual items. 
	
HRS.  Social support was assessed using three positive social support questions that asked about relationships 
the respondent has with their spouse/partner, children, family, and friends.  A social support score was created 
by combining the mean score of positive social support items across each relationship category (score range 0- 
16).  Scores were included if there were fewer than two missing items in each category, otherwise they were set 
to missing.  Positive social support items included: (1) How much do they really understand the way you feel 
about things; (2) How much you can rely on them if you have a serious problem; and (3) How much can you 
open up to them if you need to talk about your worries.  Response options range from 1= A lot to 4=Not at all. 
Items were reverse scored so that higher scores indicate higher social support. 
	

Table 2.  Summary of social support indicators used across each study 
WHI  HCHS/SOL  HRS 

Someone you can count on to listen to 
you when you need to talk 
Someone to give you good advice about 
a problem 

	
	
There is someone I can turn to for advice 
about handling problems with my family. 
	
If a family crisis arose, it would be 
difficult to find someone who could give 
me good advice about how to handle it. 

How much do they really understand 
the way you feel about things 

	
Someone to take you to the doctor if 
you need it 
Someone to have a good time with 
Someone to help you understand a 
problem when you need it 

	
Someone to help with daily chores if 
you are sick 
Someone to share your most private 
worries and fears 

	
	
	
	
When I need suggestions on how to deal 
with a personal problem, I know someone 
I can turn to. 
If I were sick, I could easily find someone 
to help me with my daily chores. 
I feel that there is no one I can share my 
most private worries and fears with. 

	
	
	
	
How much you can rely on them if 
you have a serious problem 
	

	
	
	
How much can you open up to them 
if you need to talk about your 
worries 

Someone to do something fun with  If I wanted to go on a trip for a day (for 
example to the beach, the country or 
mountains), I would have a hard time 

  finding someone to go with me.   



If I decide one afternoon that I would like 
to go to a movie that evening, I could 
easily find someone to go with me. 

	
If I wanted to have lunch with someone, I 
could easily find someone to join me. 

	
	

Someone to love you and make you feel 
wanted 

	

	
	
I don't often get invited to do things with 
others. 
If I had to go out of town for a few weeks, 
it would be difficult to find someone who 
would look after my house or apartment 
(the plants, pets, garden, etc.). 
If I was stranded 10 miles from home, 
there is someone I could call who could 
come and get me. 
If I needed some help in moving to a new 
house or apartment, I would have a hard 

  time finding someone to help me.   
	
C.  Stressful Life Events 
	
WHI.  Stressful life events were assessed using a scale modified from the Almeida County Study 32; 33. Women 
indicated whether each event occurred in the past year: (1) spouse or partner died; (2) close friend or family 
member died or had a serious illness; (3) major problems with money; (4) divorce or break-up with a spouse or 
partner; (5) family member or close friend had a divorce or break-up; (6) major conflict with children or 
grandchildren; (7) major accidents, disasters, mugging, unwanted sexual experiences, robberies, or similar 
events; (8) you or family member lost job or retired; (9) physically abused by being hit, slapped, pushed, shoved, 
punched, or threatened with a weapon by a family member or close friend; (10) verbally abused by being made 
fun of, severely criticized, told you were stupid or worthless person, or threatened with harm to yourself, your 
possessions, or your pets, by a family member or close friend; and (11) pet died.  Items were summed to create 
a total count of the number of past-year stressors among those with complete data on all stressors (ranging from 
0-11).  We then used quartiles in this distribution of number of stressful life events to create a set of categorical 
variables (0=highest levels of stressful life events; 3=lowest levels of stressful life events). 
	
HCHS/SOL.  Exposure to stressful life events was assessed using 13-items (selected to most closely 
approximate the measure used in WHI), which asked participants to report whether they had been exposed to 
the following events in the past year: (1) Close friend or family member ever die because of an accident, 
homicide, or suicide; (2) Experienced ongoing financial strain; (3) Had ongoing difficulties in a relationship 
with someone close to you; (4) Take something from you by force or threat, such as in a robbery, mugging, or 
hold up); (5) Beat you up or attack you; (6) Make you have sex by using force of threatening to harm you? This 
includes any type of unwanted sexual activity; (7) Suffer injury or property damage because of fire; (8) Suffer 
injury or property damage because of severe weather or either a natural or manmade disaster; (9) Forced to 
evacuate from your home or did you otherwise learn of an imminent hazard or danger in your environment; (10) 
In a motor vehicle accident serious enough to cause injury to one or more passengers; (11) Have some other 
terrifying or shocking experience, something I haven’t mentioned yet; (12) Had ongoing difficulties with your 
job or ability to work; (13) Had another ongoing problem not listed here. 
	
HRS.  Stress was assessed using five items that assessed recent stressful life events, seven questions that asked 
about lifetime traumas, and information about whether and when a spouse/partner died.  In each case, 



respondents were asked to provide the year in which the event occurred.  Only events that occurred in the 
previous year were scored as recent exposures.  Stressful life events included: (1) Loss of a job (other than 
retirement); (2) Being unemployed and looking for work for longer than three months; (3) Having an 
unemployed household member look for work for longer than three months; (4) Moving to a worse residence or 
neighborhood; and (5) Being robbed or having a home burglarized.  Lifetime traumas included: (1) Having a 
child die; (2) Experiencing a major fire, flood, earthquake or natural disaster; (3) Firing a weapon in combat or 
being fired upon; (4) Having a spouse, partner or child addicted to alcohol; (5) Being the victim of a serious 
physical attack or assault; (6) Having a life-threatening illness or accident; and (7) Having a spouse or child or a 
life-threatening illness or accident.   Items were summed to create a combined score ranging from 0-13. 

	
	
	

Table 3.  Summary of stressful life events indicators used across each study 
WHI  HCHS/SOL  HRS 

spouse or partner died  Close friend or family member ever die 
close friend or family member died or 
had a serious illness 

because of an accident, homicide, or 
suicide 

Having a child die 
	
Having a spouse, partner or child 
addicted to alcohol 

	
	

	
	

major problems with money  Experienced ongoing financial strain 
divorce or break-up with a spouse or 
partner 
family member or close friend had a 
divorce or break-up 

Having a spouse or child or a life- 
threatening illness or accident 

major conflict with children or 
grandchildren 
major accidents, disasters, mugging, 
unwanted sexual experiences, robberies, 
or similar events 

Had ongoing difficulties in a relationship 
with someone close to you 
Take something from you by force or 
threat, such as in a robbery, mugging, or 
hold up 
	
Make you have sex by using force of 
threatening to harm you (This includes 
any type of unwanted sexual activity) 
	
Suffer injury or property damage because 
of fire 

	
	
Being robbed or having a home 
burglarized 
	
Being the victim of a serious 
physical attack or assault 

	
In a motor vehicle accident serious 
enough to cause injury to one or more 
passengers 

you or family member lost job or retired  Loss of a job (other than retirement) 
	

Being unemployed and looking for 
work for longer than three months 

	
	
	
	
	

physically abused by being hit, slapped, 
pushed, shoved, punched, or threatened 
with a weapon by a family member or 
close friend 
verbally abused by being made fun of, 
severely criticized, told you were stupid 
or worthless person, or threatened with 

	
	
	
	
Beat you up or attack you 

Having an unemployed household 
member look for work for longer 
than three months 

  harm to yourself, your possessions, or   



your pets, by a family member or close 
friend 
pet died 

	
	
	
	
Suffer injury or property damage because 
of severe weather or either a natural or 
manmade disaster 
Forced to evacuate from your home or did 
you otherwise learn of an imminent 
hazard or danger in your environment 
Have some other terrifying or shocking 
experience, something I haven’t 
mentioned yet; 
Had ongoing difficulties with your job or 
ability to work 
Had another ongoing problem not listed 
here. 

	
	
	
	
Experiencing a major fire, flood, 
earthquake or natural disaster 
	
	
	
	
	
	
	
	
	
	
	
	
	
Moving to a worse residence or 
neighborhood 
Firing a weapon in combat or being 
fired upon 
Having a life-threatening illness or 

  accident   
	
D.  Antidepressant Medication Adjustment 
	
As noted, we used a nonparametric imputation algorithm developed in a previous GWAS of depressive 
symptoms 19 to adjust the CES-D score of women taking antidepressant medications (as determined by pill 
bottles women brought to the baseline interview).  This algorithm made two assumptions: (1) the CES-D score 
of a woman taking antidepressants is lower (i.e., indicating fewer depressive symptoms) than would be expected 
if she were not taking antidepressants; (2) women with high CES-D scores, on average, respond less to their 
antidepressant than women with lower CES-D scores.  We therefore replaced the CES-D score of women on 
antidepressants (n=429) with the mean depressive symptom score of all persons using antidepressants that had 
the same or a higher CES-D score.  For example, an antidepressant user with an observed CES-D score of 4 
would have a revised score of 7.11 (derived by taking the average CES-D scores of antidepressant users with a 
CES-D value of 4 or greater).  Thus, CES-D scores for all antidepressant users were increased through this 
algorithm (average difference=2.21).  This algorithm was based on one used to adjust blood pressure for 
persons on antihypertensive medications 20. 



Supplementary Figures for Primary Analyses 
	
All supplementary figures for the primary analyses are presented in the subsequent pages. 



Supplemental Figure 1. Quantile-quantile (QQ) plots and Manhattan plots for depressive symptoms in 
  African Americans and Hispanics/Latinos   

  Panel A. African American sample – depressive symptoms 

	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	

   Panel B.  Hispanic/Latino sample – depressive symptoms 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

The quantile–quantile plot (“QQ-plot”), which presents the observed by expected P-values on the  -log10 
scale), indicates conformity of the observed results to what would be expected under the null.  In the 
Manhattan plot, the x-axis is the chromosomal position and the y-axis is the log10 p-value for the 
association between each SNP and depressive symptoms derived from the linear regression model.  The red 

  line shows the genome-wide significance level (5x10-8).   



Supplemental Figure 2.   Regional association plots for the top SNP (rs73531535) identified in 
  the African American GWAS   
	

Panel A.  Plot generated using African reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Panel B.  Plot generated using European reference panel 



Regional association plots were generated using LocusZoom 
(http://csg.sph.umich.edu/locuszoom/).  We present results for both African American and 
European reference panels as the WHI analysis with African American used both reference 
groups for imputation.  The left-side y-axis refers to the log of the p-value corresponding to the 
test of association between each SNP (denoted as a colored dot) and levels of depressive 
symptoms.  SNPs are colored based on the level of linkage disequilibrium (LD) between each 
SNP and the index SNP.  r2 values are determined based on the HG19/1000 Genomes (March 
2012 build) data.  The SNP (rs73531535) is located 20kb upstream from GPR139 (the G protein- 
coupled receptor 139).  Both the index SNP (shown in purple diamond) and its closest neighbor 
(shown in red) are imputed.  Several other SNPs in this region were genotyped (rs10221121; 

  p=5.976x10-6; rs4784727; p= 9.645x10-6).   



Supplemental Figure 3.   Regional association plots for the second best SNP (rs75407252) 
  identified in the African American GWAS   
	

Panel A.  Plot generated using African reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Panel B.  Plot generated using European reference panel 



Regional association plots were generated using LocusZoom 
(http://csg.sph.umich.edu/locuszoom/).  We present results for both African American and 
European reference panels as the WHI analysis with African American used both reference 
groups for imputation.  The left-side y-axis refers to the log of the p-value corresponding to the 
test of association between each SNP (denoted as a colored dot) and levels of depressive 
symptoms.  SNPs are colored based on the level of linkage disequilibrium (LD) between each 
SNP and the index SNP.  r2 values are determined based on the HG19/1000 Genomes (March 
2012 build) data.  The intronic SNP (rs75407252) is located in CACNA2D3.  Both the index SNP 

  (shown in purple) and its closest neighbor (shown in red) are imputed.   



Supplemental Figure 4.   Regional association plot for the top SNP (rs2532087) identified in the 
  Hispanic/Latina GWAS   
	

 
	
	

The regional association plot was generated using LocusZoom (http://csg.sph.umich.edu/locuszoom/). 
We present results for the European 1000 Genomes reference panel only as the WHI analysis with 
Hispanics used all reference groups for imputation.  The left-side y-axis refers to the log of the p- 
value corresponding to the test of association between each SNP (denoted as a colored dot) and levels 
of depressive symptoms.  SNPs are colored based on the level of linkage disequilibrium (LD) between 
each SNP and the index SNP.  r2 values are determined based on the HG19/1000 Genomes (March 
2012 build) data.   The SNP rs2532087 is an imputed SNP located 27kb away from CD38.	 Of note, 
while the index SNP (rs2532087) is imputed, other SNPs in moderate to high LD in this region, 

  including rs6845349 (p=1.775x10-6) and rs1860234 (p=2.622x10-6) were genotyped.   



Supplemental Figure 5.   Regional association plot for the second best SNP (rs4542757) identified 
  in the Hispanic/Latina GWAS   

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

The regional association plot was generated using LocusZoom 
(http://csg.sph.umich.edu/locuszoom/).   We present results for the European 1000 Genomes 
reference panel only as the WHI analysis with Hispanics used all reference groups for imputation. 
The left-side y-axis refers to the log of the p-value corresponding to the test of association between 
each SNP (denoted as a colored dot) and levels of depressive symptoms.  SNPs are colored based 
on the level of linkage disequilibrium (LD) between each SNP and the index SNP.  r2 values are 
determined based on the HG19/1000 Genomes (March 2012 build) data.  The intronic SNP 

  (rs4542757), which was imputed, is located in DCC (deleted in colorectal cancer).   



Supplemental Figure 6. Quantile-quantile (QQ) plots and Manhattan plots for gene-environment interaction 
  (GxE) results in African Americans for stressful life events and social support   

  Panel A. African American sample – stressful life events (n=6,982) 

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	

   Panel B.  African American sample – social support (n=6,908) 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

The quantile–quantile plot (“QQ-plot”), which presents the observed by expected P-values on the  -log10 scale), 
indicates conformity of the observed results to what would be expected under the null.  In the Manhattan plot, 
the x-axis is the chromosomal position and the y-axis is the log10 p-value for the association between each SNP 
and depressive symptoms derived from the linear regression model.  The red line shows the genome-wide 

  significance level (5x10-8).   



Supplemental Figure 7. Quantile-quantile (QQ) plots and Manhattan plots for gene-environment interaction 
  (GxE) results in Hispanics/Latinos for stressful life events and social support   

	
	
	

Panel A. Hispanics/Latinos sample – stressful life events (n=2,989) 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Panel B.  Hispanics/Latinos sample – social support (n=3,012) 
	
	
	
	
	
	
	

 
	

The quantile–quantile plot (“QQ-plot”), which presents the observed by expected P-values on the  -log10 
scale), indicates conformity of the observed results to what would be expected under the null.  In the 
Manhattan plot, the x-axis is the chromosomal position and the y-axis is the log10 p-value for the association 
between each SNP and depressive symptoms derived from the linear regression model.  The red line shows 

  the genome-wide significance level (5x10-8).   



Supplemental Figure 8.   Regional association plots for the second top SNP (rs7275997) 
  identified in the African American GWEIS of stressful life events   
	

Panel A.  Plot generated using African reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Panel B.  Plot generated using European reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Regional association plots were generated using LocusZoom 
(http://csg.sph.umich.edu/locuszoom/).  We present results for both African American and 

  European reference panels as the WHI analysis with African American used both reference   



groups for imputation.  The left-side y-axis refers to the log of the p-value corresponding to the 
test of association between each SNP (denoted as a colored dot) and levels of depressive 
symptoms.  SNPs are colored based on the level of linkage disequilibrium (LD) between each 
SNP and the index SNP.  r2 values are determined based on the HG19/1000 Genomes (March 
2012 build) data.  The intronic SNP (rs7275997) is located in TMPRSS15.  Both the top SNP 
(shown in purple) and several of its closest neighbors (shown in red) are genotyped (rs7277468; 

  5.37x10-7  and rs1040634; 1.078x10-6).   



Supplemental Figure 9.   Regional association plots for the top SNP (rs77966298) identified in 
  the African American GWEIS of social support   
	

Panel A.  Plot generated using African reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Panel B.  Plot generated using European reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Regional association plots were generated using LocusZoom 
(http://csg.sph.umich.edu/locuszoom/).  We present results for both African American and 

  European reference panels as the WHI analysis with African American used both reference   



groups for imputation.  The left-side y-axis refers to the log of the p-value corresponding to the 
test of association between each SNP (denoted as a colored dot) and levels of depressive 
symptoms.  SNPs are colored based on the level of linkage disequilibrium (LD) between each 
SNP and the index SNP.  r2 values are determined based on the HG19/1000 Genomes (March 
2012 build) data.  The top SNP, located within 20kb of PDIA6 was imputed, as were most other 
SNPs in this region.  However, its closest neighbor (in red; rs1040634p=6.87x10-7) and at least 

  one other SNP in this region (rs1665272; p=1.25x10-6) were genotyped.   



Supplemental Figure 10.   Regional association plots for the second best SNP (rs6419121) 
  identified in the African American GWEIS of social support   
	

Panel A.  Plot generated using African reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Panel B.  Plot generated using European reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Regional association plots were generated using LocusZoom 
(http://csg.sph.umich.edu/locuszoom/).  We present results for both African American and 

  European reference panels as the WHI analysis with African American used both reference   



groups for imputation.  The left-side y-axis refers to the log of the p-value corresponding to the 
test of association between each SNP (denoted as a colored dot) and levels of depressive 
symptoms.  SNPs are colored based on the level of linkage disequilibrium (LD) between each 
SNP and the index SNP.  r2 values are determined based on the HG19/1000 Genomes (March 
2012 build) data.  The top SNP (shown in purple) is imputed, though its closest neighbor (in red; 

  rs2199458; p=1.19x10-6) was genotyped.   



Supplemental Figure 11. Regional association plots for the top SNP (rs58707171) and second 
  best SNP (rs6579218) identified in the Hispanic/Latina GWEIS of stressful life events   

	
Panel A.  Plot for the top SNP generated using European reference panel 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Panel B.  Plot for the second best SNP generated using European reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Regional association plots were generated using LocusZoom 
(http://csg.sph.umich.edu/locuszoom/).   We present results for the European 1000 Genomes 
reference panel only as the WHI analysis with Hispanics used all reference groups for 

  imputation.  The left-side y-axis refers to the log of the p-value corresponding to the test of   



association between each SNP (denoted as a colored dot) and levels of depressive symptoms. 
SNPs are colored based on the level of linkage disequilibrium (LD) between each SNP and the 
index SNP.  r2 values are determined based on the HG19/1000 Genomes (March 2012 build) 
data.  The intronic SNP rs58707171 is located in DTHD1 and was imputed, as were many other 
SNPs in the region, though with some exception (e.g., rs17518487 was genotyped; p=2.16x10-6). 
The intronic SNP rs6579218 is located in EDEM2 and was imputed, as were many other SNPs in 

  the region, though with some exception (e.g., rs1535466; p=7.32x10-7).   



Supplemental Figure 12. Regional association plots for the top SNP (rs35612712) and second 
  best SNP (rs61973969) identified in the Hispanic/Latina GWEIS of social support   
	

Panel A.  Plot for the top SNP generated using European reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Panel B.  Plot for the second best SNP generated using European reference panel 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Regional association plots were generated using LocusZoom 
(http://csg.sph.umich.edu/locuszoom/).   We present results for the European 1000 Genomes 
reference panel only as the WHI analysis with Hispanics used all reference groups for 

  imputation.  The left-side y-axis refers to the log of the p-value corresponding to the test of   



association between each SNP (denoted as a colored dot) and levels of depressive symptoms. 
SNPs are colored based on the level of linkage disequilibrium (LD) between each SNP and the 
index SNP.  r2 values are determined based on the HG19/1000 Genomes (March 2012 build) 
data.  The intronic SNP rs35612712 is located in F11-AS1 and was imputed, as were most other 
SNPs in the region.  The intronic SNP rs61973969 is located in UGGT2 and was imputed, as 

  were most other SNPs in the region.   



Supplementary Tables for Primary Analyses 
	
Supplementary tables for the primary analyses are presented in the subsequent pages. 



Supplemental Table 1.  Descriptive statistics on analytic sample derived from the Women’s Health 
Initiative (WHI) SNP Health Association Resource (WHI SHARe) Sample 

	

	
	
	

African American Sample (n=7,179) 

Depressive Symptoms 
N % Mean SD p-value 

Age p<0.001 
50-59 (referent) 3169 44.14 2.69 -2.91 
60-69 3088 43.01 2.39 -2.58 	
70-79 922 12.84 2.37 -2.38 

Income 	 	 	 	 p<0.001 
Less than 19,000 (referent) 1706 23.76 3.18 -3.15 	
20,000 – 49,000 2949 41.08 2.40 -2.56 	
50,000 + 2105 29.32 2.10 -2.33 	
Missing 419 5.84 2.80 -3.03 	

Education p<0.001 
Less than high school (referent) 605 8.43 3.45 -3.43 	
High school/vocational 1825 25.42 2.70 -2.78 	
Some college/Associates 1897 26.42 2.57 -2.70 	
College degree 658 9.17 2.17 -2.46 	
Graduate school or degree 2112 29.42 2.15 -2.40 	
Missing 82 1.14 2.73 -2.62 	

Marital Status 	 	 	 	 p=0.015 
Never married (referent) 426 5.93 2.43 -2.59 	
Divorced/separated 2132 29.70 2.67 -2.90 	
Widowed 1482 20.64 2.59 -2.69 	
Married/Married-like relationship 3078 42.88 2.38 -2.60 	
Missing 61 0.85 2.93 -2.73 	

	
Hispanic/Latina Sample (n=3,138) 
Age p=0.003 

50-59 (referent) 1625 51.78 3.42 -3.30 
60-69 1238 39.45 3.19 -3.14 	
70-79 275 8.76 2.76 -2.76 

Income 	 	 	 	 p<0.001 
Less than 19,000 (referent) 956 30.47 3.88 -3.46 	
20,000 – 49,000 1175 37.44 2.97 -2.89 	
50,000 + 755 24.06 2.67 -2.91 	
Missing 252 8.03 4.14 -3.69 	

Education p<0.001 
Less than high school (referent) 629 20.04 4.14 -3.52 
High school/vocational 917 29.22 3.30 -3.18 
Some college/Associates 808 25.75 3.04 -3.05 
College degree 248 7.90 2.87 -2.94 
Graduate school or degree 495 15.77 2.62 -2.86 



	

Missing 41 1.31 4.09 -3.49 	

Marital Status 	 	 	 	 p<0.001 
Never married (referent) 136 4.33 3.73 -3.48 	
Divorced/separated 656 20.91 3.75 -3.35 	
Widowed 388 12.36 3.56 -3.53 	
Married/Married-like relationship 1925 61.34 3.00 -3.01 	
Missing 33 1.05 4.02 -3.31 	

Depressive symptom results are based on the transformed version of the CES-D score that takes into 
account antidepressant medication use. 
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Supplemental Table 4.  Genome-wide association study (GWAS) results for 
the top loci (p<1x10-4) for the X chromosome in African Americans and 
Hispanics 
African Americans 
CHR BP A1 A2 FRQ A1 INFO BETA SE P 

23 4508701 A G 0.254 0.999 -0.214 0.052 3.48E-05 
23 111748128 C G 0.346 0.936 -0.200 0.049 5.29E-05 
23 30633161 A G 0.104 1.006 0.297 0.074 5.66E-05 
23 30632452 A C 0.106 0.977 0.294 0.074 7.07E-05 
23 111712678 A C 0.347 0.990 -0.189 0.048 7.50E-05 
23 30618423 C T 0.107 0.948 0.297 0.075 7.52E-05 
23 111715262 C T 0.652 0.981 0.190 0.048 7.67E-05 
23 111717346 C T 0.338 0.965 -0.191 0.049 8.95E-05 

	
Hispanics 
CHR BP A1 A2 FRQ A1 INFO BETA SE P 

23 4633635 C G 0.535 1.013 -0.347 0.079 1.00E-05 
23 4633714 G T 0.535 1.015 -0.347 0.078 1.02E-05 
23 4634014 C T 0.465 1.015 0.347 0.078 1.02E-05 
23 4634601 C T 0.465 1.015 0.346 0.078 1.04E-05 
23 4634120 C T 0.465 1.015 0.346 0.078 1.04E-05 
23 4631296 A C 0.544 1.020 -0.344 0.078 1.18E-05 
23 4632372 A G 0.533 1.002 -0.346 0.079 1.19E-05 
23 4633322 C T 0.546 0.942 -0.356 0.082 1.31E-05 
23 4632073 G T 0.460 0.982 0.348 0.080 1.38E-05 
23 4631907 A G 0.462 1.027 0.337 0.078 1.62E-05 
23 4631254 C T 0.544 1.017 -0.339 0.079 1.64E-05 
23 4632561 C T 0.475 0.983 0.340 0.080 1.95E-05 
23 8956544 A G 0.046 1.009 0.793 0.187 2.32E-05 
23 4643304 A G 0.535 0.922 -0.348 0.083 2.60E-05 
23 4643144 A G 0.534 0.921 -0.343 0.083 3.49E-05 
23 4643018 C T 0.467 0.921 0.343 0.083 3.57E-05 
23 153211538 A G 0.433 1.039 0.350 0.085 3.62E-05 
23 153247722 C T 0.589 0.981 -0.363 0.088 3.64E-05 
23 153247954 C T 0.582 1.005 -0.357 0.086 3.65E-05 
23 153219665 C T 0.568 1.049 -0.347 0.084 3.80E-05 
23 153227770 A G 0.433 1.066 0.344 0.083 3.80E-05 
23 153225634 C G 0.434 1.049 0.346 0.084 3.93E-05 
23 153246018 A G 0.571 1.051 -0.346 0.084 3.94E-05 
23 153241386 G T 0.566 1.073 -0.339 0.083 4.46E-05 
23 153245128 C G 0.566 1.070 -0.339 0.083 4.48E-05 
23 153254605 C G 0.563 1.014 -0.348 0.085 4.54E-05 
23 153239720 A G 0.435 1.082 0.337 0.083 4.64E-05 
23 153245217 A G 0.446 1.013 0.344 0.085 5.15E-05 
23 8954586 C T 0.958 0.903 -0.829 0.206 5.91E-05 



	

23 4642016 C T 0.424 1.005 0.317 0.079 6.66E-05 
23 153207925 A G 0.485 0.977 0.338 0.086 8.09E-05 
23 153252908 C T 0.468 0.936 0.343 0.088 9.17E-05 
23 153252147 C T 0.469 0.932 0.344 0.088 9.18E-05 
23 153247745 A G 0.536 0.899 -0.350 0.090 9.36E-05 
23 69401419 C T 0.466 0.889 -0.335 0.086 9.59E-05 

In these genetic main effect analyses, PLINK models A1 as the tested allele. 
The orientation of all SNPs is on the positive (5’ to 3’) strand.  SNPS were 

  analyzed using additive coding and allele dosages.   
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13 
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17 
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rs11738766 
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G
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0 
5.741 
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0 
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17 
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G
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0 
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16 
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0.019 
0.817 

0.898 
34549 
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0 
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17 

0.532 
rs2822657 
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C

 
0.407 
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34548 
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0.2285 
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17 
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These results are based on the C
H

A
R

G
E C

onsortium
 m

eta-analysis G
W

A
S of depressive sym

ptom
s using 17 population-based studies (n=51,258 individuals) of W

hite older adults w
here 

depressive sym
ptom

s w
ere m

easured through the C
ESD

.  M
eta analysis w

as perform
ed using p-value based m

ethod, w
eighted by sam

ple size, and adjusting for age, sex, and principal 
com

ponents.  A
nalyses w

ere perform
ed in M

ETA
L, w

here A
2 w

as the tested allele. 



		Supplem
ental T

able 6.  T
op loci from

 A
frican A

m
erican G

W
A

S (10x10-5) in H
ispanics and results from
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eta analysis of W

H
I participants 

	

A
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m
erican G

W
A
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H
ispanic G

W
A

S R
esults  

M
eta A

nalysis R
esults 
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1 

A
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A
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p-value 
A
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A
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Freq A
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p-value 

A
1 

A
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Effect 
SE 

p-value 
D

irection H
etISq 

H
etC

hiSq 
H

etPV
al 

16 
chr16:20105038 

C
 

T 
0.771 

5.75E-08 
C

 
T 

0.910 
0.7615 

T 
C

 
0.264 

0.051 
2.27E-07 

++ 
64.1 

2.787 
0.095 

11 
rs58295558 

C
 

G
 

0.856 
0.00005935 

C
 

G
 

0.893 
0.0007189 

C
 

G
 

-0.309 
0.060 

2.86E-07 
-- 

21.2 
1.269 

0.260 

17 
rs2108944 

C
 

T 
0.449 

0.00002194 
C

 
T 

0.506 
0.03635 

T 
C

 
-0.183 

0.039 
2.29E-06 

-- 
0 

0.095 
0.758 

13 
rs1413154 

G
 

T 
0.205 

3.54E-06 
G

 
T 

0.059 
0.3315 

T 
G

 
0.271 

0.058 
2.53E-06 

++ 
0 

0.362 
0.547 

3 
rs1526725 

A
 

G
 

0.535 
0.00001014 

A
 

G
 

0.614 
0.09321 

A
 

G
 

-0.185 
0.039 

2.87E-06 
-- 

0 
0.408 

0.523 

2 
rs1402712 

C
 

T 
0.307 

0.00009931 
C

 
T 

0.633 
0.01409 

T 
C

 
0.203 

0.044 
4.16E-06 

++ 
0 

0.007 
0.934 

16 
chr16:10177152 

A
 

G
 

0.154 
0.00002908 

A
 

G
 

0.057 
0.05652 

A
 

G
 

0.276 
0.060 

4.43E-06 
++ 

0 
0.083 

0.773 

21 
rs1893586 

A
 

G
 

0.483 
4.19E-06 

A
 

G
 

0.350 
0.2741 

A
 

G
 

0.184 
0.040 

5.00E-06 
++ 

35.9 
1.561 

0.212 

6 
rs6926204 

C
 

T 
0.161 

0.00004677 
C

 
T 

0.129 
0.04335 

T 
C

 
-0.266 

0.059 
5.58E-06 

-- 
0 

0.049 
0.826 

11 
rs11233283 

A
 

G
 

0.842 
1.41E-06 

A
 

G
 

0.959 
0.758 

A
 

G
 

-0.268 
0.059 

5.79E-06 
-+ 

64.6 
2.822 

0.093 

17 
rs205108 

A
 

C
 

0.324 
0.00001216 

A
 

C
 

0.106 
0.246 

A
 

C
 

-0.209 
0.047 

6.72E-06 
-- 

0 
0.198 

0.656 
17 

rs11868357 
A

 
G

 
0.845 

0.00005747 
A

 
G

 
0.959 

0.02885 
A

 
G

 
0.269 

0.060 
7.48E-06 

++ 
0 

0.933 
0.334 

12 
rs12827379 

C
 

G
 

0.746 
0.00008193 

C
 

G
 

0.828 
0.03342 

C
 

G
 

0.204 
0.046 

7.59E-06 
++ 

0 
0.039 

0.843 
6 

rs3828890 
C

 
G

 
0.716 

0.00001214 
C

 
G

 
0.869 

0.2929 
C

 
G

 
-0.203 

0.046 
8.96E-06 

-- 
0 

0.536 
0.464 

12 
rs7309339 

A
 

T 
0.887 

0.00004777 
A

 
T 

0.944 
0.1141 

A
 

T 
0.293 

0.067 
0.00001271 

++ 
0 

0.002 
0.962 

11 
rs10893883 

C
 

T 
0.841 

0.00005529 
C

 
T 

0.789 
0.08682 

T 
C

 
-0.223 

0.052 
0.00001521 

-- 
0 

0.522 
0.470 

5 
rs256151 

A
 

G
 

0.596 
0.00002808 

A
 

G
 

0.294 
0.222 

A
 

G
 

0.178 
0.042 

0.00001841 
++ 
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0.7 

0.403 

9 
rs10756752 

G
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G
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0.499 
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T 
G

 
0.174 

0.041 
0.00002022 

++ 
0 
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0.545 
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G
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A
 

G
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-- 
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rs2446816 
A

 
G
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A

 
G
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A

 
G
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0.000032 
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A
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++ 
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A
 

G
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A
 

G
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++ 
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G
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G
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-- 
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-- 
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0.194 
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A
 

G
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-- 
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6 
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C
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C

 
T 
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C
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rs7997918 

A
 

C
 

0.855 
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A
 

C
 

0.904 
0.3908 

A
 

C
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0.059 

0.00008226 
-- 

0 
0.852 
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5 
rs13171192 

C
 

T 
0.964 

0.00001364 
C

 
T 

0.909 
0.3127 

T 
C

 
0.364 

0.093 
0.00008559 

++ 
77.9 
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12 
rs11045834 

C
 

T 
0.640 

0.00004406 
C

 
T 

0.682 
0.4806 

T 
C
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0.041 
0.00008799 

++ 
44.9 

1.816 
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14 
rs3783447 

A
 

G
 

0.178 
0.00005597 

A
 

G
 

0.075 
0.6228 

A
 

G
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0.056 

0.00008822 
++ 

9.7 
1.107 
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3 
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A
 

G
 

0.477 
9.59E-06 

A
 

G
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0.9905 

A
 

G
 

-0.171 
0.044 

0.00008987 
-- 
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3 
rs241693 

C
 

T 
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C

 
T 
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T 
C
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0.0001009 

-- 
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13 
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A
 

G
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A
 

G
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A
 

G
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-- 
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1.833 
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7 
rs4252499 

C
 

T 
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C

 
T 
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T 
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++ 
0 
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A
 

G
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A
 

G
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A
 

G
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0.0001134 
-- 
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C
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-- 
0 
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0.326 
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C
 

T 
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C

 
T 
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T 
C
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+- 
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3 
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C
 

T 
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C

 
T 

0.167 
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T 
C
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-- 
0 
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A
 

T 
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0.00009697 
A

 
T 

0.166 
0.4682 

A
 

T 
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-- 
0 

0.933 
0.334 

9 
rs10125319 

C
 

T 
0.491 

4.27E-06 
C

 
T 

0.413 
0.7499 

T 
C

 
0.156 

0.041 
0.0001206 

+- 
84.5 

6.458 
0.011 

5 
rs6865183 

A
 

T 
0.198 

0.00009782 
A

 
T 

0.039 
0.737 

A
 

T 
-0.213 

0.055 
0.0001207 

-- 
0 

0.505 
0.477 

5 
rs6869301 

A
 

T 
0.325 

0.00009779 
A

 
T 

0.281 
0.3987 

A
 

T 
0.160 

0.042 
0.0001283 

++ 
21.1 

1.268 
0.260 

21 
chr21:21875197 

C
 

T 
0.887 

0.00006419 
C

 
T 

0.904 
0.5454 

T 
C

 
-0.240 

0.063 
0.0001351 

-- 
44.3 

1.796 
0.180 

15 
rs12902838 

A
 

T 
0.143 

0.00004414 
A

 
T 

0.292 
0.3497 

A
 

T 
-0.202 

0.053 
0.0001432 

-- 
68 

3.124 
0.077 

16 
rs875528 

A
 

G
 

0.190 
0.00004485 

A
 

G
 

0.110 
0.8931 

A
 

G
 

0.199 
0.053 

0.0001538 
++ 

58.2 
2.394 

0.122 

21 
rs9653742 

C
 

T 
0.057 

0.00004618 
C

 
T 

0.020 
0.6998 

T 
C

 
0.334 

0.089 
0.0001845 

+- 
64.3 

2.8 
0.094 

3 
rs56897773 

A
 

G
 

0.234 
0.00008197 

A
 

G
 

0.052 
0.8136 

A
 

G
 

0.207 
0.056 

0.0001977 
+- 

42 
1.723 

0.189 

11 
rs7952680 

C
 

T 
0.045 

0.00009155 
C

 
T 

0.027 
0.7109 

T 
C

 
0.383 

0.103 
0.0002021 

++ 
39.5 

1.654 
0.198 



	
14 

rs12050244 
A

 
T 

0.105 
0.00001421 

A
 

T 
0.082 

0.7667 
A

 
T 

-0.245 
0.066 

0.0002094 
-+ 

80.8 
5.206 

0.023 

8 
chr8:117825857 

C
 

T 
0.217 

0.00005355 
C

 
T 

0.029 
0.2443 

T 
C

 
-0.202 

0.054 
0.0002117 

-+ 
74.9 

3.978 
0.046 

20 
rs3787319 

A
 

G
 

0.068 
0.00004519 

A
 

G
 

0.025 
0.6497 

A
 

G
 

0.328 
0.089 

0.0002119 
+- 

68.4 
3.164 

0.075 

6 
rs56092544 

C
 

T 
0.738 

0.00002514 
C

 
T 

0.609 
0.7671 

T 
C

 
-0.166 

0.045 
0.0002487 

-- 
77.6 

4.46 
0.035 

8 
chr8:110955107 

C
 

G
 

0.894 
0.00005861 

C
 

G
 

0.938 
0.9775 

C
 

G
 

0.261 
0.072 

0.0002686 
+- 

65.5 
2.897 

0.089 

2 
rs2017678 

A
 

C
 

0.367 
0.00002498 

A
 

C
 

0.810 
0.6456 

A
 

C
 

-0.163 
0.045 

0.0002729 
-+ 

78.9 
4.748 

0.029 

16 
rs10221121 

A
 

G
 

0.229 
5.98E-06 

A
 

G
 

0.257 
0.5831 

A
 

G
 

-0.167 
0.046 

0.0002773 
-+ 

86.9 
7.621 

0.006 

19 
rs7255520 

A
 

G
 

0.450 
0.0000514 

A
 

G
 

0.367 
0.9529 

A
 

G
 

-0.142 
0.040 

0.0003503 
-- 

72.5 
3.633 

0.057 

3 
rs28493952 

C
 

T 
0.320 

6.41E-06 
C

 
T 

0.153 
0.1674 

T 
C

 
-0.169 

0.047 
0.0003551 

-+ 
89.6 

9.577 
0.002 

7 
rs10228919 

A
 

C
 

0.882 
0.00005374 

A
 

C
 

0.890 
0.9889 

A
 

C
 

-0.223 
0.063 

0.0003806 
-- 

72.9 
3.69 

0.055 
2 

rs681900 
C

 
T 

0.310 
0.00003052 

C
 

T 
0.188 

0.6055 
T 

C
 

0.154 
0.044 

0.0003889 
+- 

80.4 
5.106 

0.024 

7 
rs13237603 

C
 

T 
0.196 

0.00008753 
C

 
T 

0.263 
0.6474 

T 
C

 
-0.186 

0.052 
0.0003889 

-- 
67.1 

3.038 
0.081 

14 
rs210329 

G
 

T 
0.668 

6.35E-06 
G

 
T 

0.435 
0.4922 

T 
G

 
-0.146 

0.041 
0.0004022 

-+ 
88.1 

8.389 
0.004 

3 
chr3:15517208 

C
 

T 
0.949 

0.00002418 
C

 
T 

0.966 
0.3872 

T 
C

 
0.326 

0.093 
0.0004529 

+- 
84.1 

6.293 
0.012 

10 
rs34657340 

C
 

T 
0.799 

0.00006128 
C

 
T 

0.842 
0.9214 

T 
C

 
0.180 

0.052 
0.0004983 

+- 
74.9 

3.983 
0.046 

2 
rs17030391 

A
 

G
 

0.143 
7.84E-06 

A
 

G
 

0.098 
0.2951 

A
 

G
 

0.215 
0.062 

0.0005475 
+- 

89.1 
9.158 

0.002 
1 

rs59020993 
C

 
T 

0.801 
0.00006926 

C
 

T 
0.851 

0.8026 
T 

C
 

-0.173 
0.050 

0.0005885 
-+ 

75.5 
4.081 

0.043 

20 
rs1413019 

A
 

C
 

0.410 
0.00003081 

A
 

C
 

0.680 
0.5824 

A
 

C
 

0.137 
0.040 

0.0006152 
+- 

83.2 
5.958 

0.015 
8 

rs1112005 
C

 
T 

0.792 
0.00009302 

C
 

T 
0.796 

0.9998 
T 

C
 

-0.162 
0.048 

0.0006422 
0 

72.4 
3.625 

0.057 

2 
rs777728 

C
 

T 
0.457 

0.00005032 
C

 
T 

0.237 
0.5707 

T 
C

 
-0.140 

0.041 
0.0006606 

-+ 
80.7 

5.184 
0.023 

11 
rs11226214 

A
 

T 
0.935 

0.00002692 
A

 
T 

0.855 
0.8503 

A
 

T 
0.238 

0.070 
0.0007085 

++ 
83.9 

6.212 
0.013 

2 
rs12992342 

A
 

G
 

0.717 
0.00001367 

A
 

G
 

0.221 
0.3105 

A
 

G
 

0.158 
0.047 

0.0007126 
+- 

88.2 
8.483 

0.004 

17 
rs8073794 

C
 

G
 

0.485 
0.00008511 

C
 

G
 

0.530 
0.8057 

C
 

G
 

0.137 
0.041 

0.000749 
+- 

75.8 
4.126 

0.042 

14 
rs1875286 

C
 

T 
0.652 

0.00007057 
C

 
T 

0.657 
0.7778 

T 
C

 
0.138 

0.041 
0.0007752 

+- 
78.3 

4.609 
0.032 

1 
rs12028403 

C
 

T 
0.572 

0.0000446 
C

 
T 

0.575 
0.7643 

T 
C

 
-0.143 

0.043 
0.0008706 

-+ 
82.4 

5.679 
0.017 

10 
rs2480345 

C
 

G
 

0.523 
0.00009812 

C
 

G
 

0.432 
0.8624 

C
 

G
 

-0.131 
0.040 

0.0008729 
-+ 

75.9 
4.145 

0.042 

19 
rs10425058 

G
 

T 
0.334 

0.00004326 
G

 
T 

0.304 
0.6001 

T 
G

 
-0.138 

0.041 
0.0008869 

-+ 
83.2 

5.943 
0.015 

11 
chr11:35568512 

A
 

G
 

0.059 
0.00006155 

A
 

G
 

0.120 
0.7912 

A
 

G
 

-0.251 
0.076 

0.0009263 
-- 

80.7 
5.175 

0.023 

11 
rs3133084 

A
 

G
 

0.399 
0.00002853 

A
 

G
 

0.633 
0.4727 

A
 

G
 

0.134 
0.041 

0.0009406 
+- 

85.9 
7.109 

0.008 



	
2 

rs10195019 
A

 
C

 
0.421 

0.00001634 
A

 
C

 
0.639 

0.3795 
A

 
C

 
0.139 

0.042 
0.0009464 

+- 
88.1 

8.424 
0.004 

14 
rs55885638 

C
 

T 
0.828 

0.00004602 
C

 
T 

0.750 
0.8402 

T 
C

 
-0.167 

0.051 
0.0009987 

-+ 
82.9 

5.848 
0.016 

18 
rs568405 

C
 

T 
0.899 

0.00009283 
C

 
T 

0.827 
0.789 

T 
C

 
-0.206 

0.063 
0.001013 

-- 
78 

4.55 
0.033 

13 
chr13:68844332 

A
 

C
 

0.147 
0.00007518 

A
 

C
 

0.024 
0.01146 

A
 

C
 

-0.204 
0.062 

0.001052 
-+ 

91.2 
11.371 

0.001 

5 
rs10071186 

C
 

T 
0.568 

0.00007434 
C

 
T 

0.508 
0.7221 

T 
C

 
-0.137 

0.042 
0.001059 

-+ 
80.5 

5.125 
0.024 

1 
rs12120264 

C
 

T 
0.453 

0.00004125 
C

 
T 

0.290 
0.3659 

T 
C

 
-0.136 

0.042 
0.001067 

-+ 
85.6 

6.949 
0.008 

11 
rs621803 

C
 

T 
0.130 

0.00005475 
C

 
T 

0.202 
0.7911 

T 
C

 
0.176 

0.055 
0.00132 

+- 
83.5 

6.073 
0.014 

10 
rs12769766 

A
 

T 
0.052 

0.00006981 
A

 
T 

0.118 
0.8125 

A
 

T 
-0.253 

0.079 
0.001347 

-- 
82.2 

5.625 
0.018 

1 
rs2025900 

A
 

T 
0.228 

0.00004142 
A

 
T 

0.245 
0.4922 

A
 

T 
0.147 

0.046 
0.001354 

+- 
85.7 

6.999 
0.008 

10 
rs11594412 

C
 

T 
0.033 

0.00002542 
C

 
T 

0.053 
0.637 

T 
C

 
-0.318 

0.100 
0.001432 

-+ 
87.2 

7.809 
0.005 

12 
rs10777901 

A
 

C
 

0.481 
4.27E-06 

A
 

C
 

0.494 
0.07619 

A
 

C
 

0.125 
0.039 

0.001482 
+- 

92.9 
14.178 

0.000 

21 
rs17766531 

C
 

T 
0.023 

0.00003294 
C

 
T 

0.052 
0.9132 

T 
C

 
-0.383 

0.121 
0.001534 

-- 
86.2 

7.232 
0.007 

6 
rs7763054 

A
 

G
 

0.145 
0.0000154 

A
 

G
 

0.263 
0.5018 

A
 

G
 

-0.171 
0.054 

0.001615 
-+ 

89.2 
9.229 

0.002 
5 

rs863221 
G

 
T 

0.209 
0.00002188 

G
 

T 
0.336 

0.4579 
T 

G
 

-0.146 
0.047 

0.001675 
-+ 

88.5 
8.723 

0.003 

13 
rs61955768 

C
 

G
 

0.789 
0.00009449 

C
 

G
 

0.586 
0.9923 

C
 

G
 

-0.153 
0.049 

0.001742 
-+ 

81.7 
5.455 

0.020 

11 
rs10834936 

C
 

T 
0.389 

0.00007448 
C

 
T 

0.175 
0.1689 

T 
C

 
0.131 

0.042 
0.002042 

+- 
87.6 

8.091 
0.004 

13 
rs9562023 

G
 

T 
0.972 

0.00002785 
G

 
T 

0.931 
0.8529 

T 
G

 
0.313 

0.102 
0.002166 

+- 
87.8 

8.207 
0.004 

10 
chr10:58633476 

C
 

T 
0.023 

0.00003024 
C

 
T 

0.023 
0.2866 

T 
C

 
-0.418 

0.137 
0.00228 

-+ 
89.2 

9.246 
0.002 

1 
rs4650557 

A
 

G
 

0.219 
0.00005763 

A
 

G
 

0.253 
0.4774 

A
 

G
 

-0.148 
0.049 

0.00247 
-+ 

86.7 
7.524 

0.006 

13 
rs9318386 

C
 

T 
0.756 

0.0000757 
C

 
T 

0.614 
0.537 

T 
C

 
-0.134 

0.044 
0.002502 

-+ 
85.5 

6.892 
0.009 

6 
rs9383498 

C
 

T 
0.601 

0.00009254 
C

 
T 

0.547 
0.3592 

T 
C

 
-0.120 

0.040 
0.003004 

-+ 
86.3 

7.318 
0.007 

8 
rs62509955 

A
 

C
 

0.963 
0.00007084 

A
 

C
 

0.968 
0.2488 

A
 

C
 

0.314 
0.106 

0.003051 
+- 

88 
8.355 

0.004 

3 
rs233143 

A
 

T 
0.836 

0.00009406 
A

 
T 

0.776 
0.4837 

A
 

T 
-0.158 

0.054 
0.003286 

-+ 
85.9 

7.112 
0.008 

10 
rs9731275 

C
 

T 
0.117 

0.0000854 
C

 
T 

0.336 
0.8451 

T 
C

 
-0.169 

0.059 
0.003991 

-+ 
86.1 

7.214 
0.007 

5 
rs4866976 

A
 

G
 

0.914 
8.04E-06 

A
 

G
 

0.875 
0.1138 

A
 

G
 

-0.193 
0.067 

0.004264 
-+ 

93 
14.283 

0.000 

14 
rs2239223 

A
 

C
 

0.777 
0.00004591 

A
 

C
 

0.492 
0.3886 

A
 

C
 

0.133 
0.047 

0.005051 
+- 

89.5 
9.518 

0.002 

5 
rs7706435 

C
 

G
 

0.100 
0.00007297 

C
 

G
 

0.135 
0.3085 

C
 

G
 

0.176 
0.063 

0.005258 
+- 

88.9 
8.994 

0.003 

17 
rs34257140 

G
 

T 
0.852 

1.59E-06 
G

 
T 

0.503 
0.1259 

T 
G

 
0.141 

0.051 
0.005379 

+- 
94.3 

17.635 
0.000 

4 
rs4864419 

A
 

T 
0.341 

0.00003544 
A

 
T 

0.483 
0.1198 

A
 

T 
-0.110 

0.040 
0.00573 

-+ 
91.6 

11.927 
0.001 



	
5 

rs256649 
A

 
G

 
0.828 

0.00003294 
A

 
G

 
0.796 

0.1127 
A

 
G

 
-0.147 

0.054 
0.00622 

-+ 
91.9 

12.306 
0.000 

18 
rs1355829 

G
 

T 
0.489 

0.00005076 
G

 
T 

0.647 
0.06537 

T 
G

 
0.107 

0.039 
0.006708 

+- 
92 

12.5 
0.000 

6 
chr6:2659056 

A
 

G
 

0.027 
0.00009574 

A
 

G
 

0.035 
0.3646 

A
 

G
 

0.344 
0.127 

0.006723 
+- 

88.5 
8.721 

0.003 

2 
rs2727897 

C
 

T 
0.174 

0.00008819 
C

 
T 

0.141 
0.0624 

T 
C

 
0.144 

0.054 
0.007462 

+- 
91.5 

11.725 
0.001 

2 
rs7607006 

A
 

T 
0.657 

0.00007164 
A

 
T 

0.742 
0.06752 

A
 

T 
0.111 

0.042 
0.007526 

+- 
91.6 

11.963 
0.001 

13 
rs9553645 

A
 

G
 

0.101 
0.00003756 

A
 

G
 

0.193 
0.206 

A
 

G
 

-0.156 
0.060 

0.009089 
-+ 

91.5 
11.79 

0.001 

9 
rs7040936 

G
 

T 
0.855 

0.00002166 
G

 
T 

0.578 
0.33 

T 
G

 
-0.143 

0.056 
0.01021 

-+ 
91.9 

12.404 
0.000 

1 
rs7522243 

A
 

G
 

0.688 
0.00003619 

A
 

G
 

0.665 
0.05934 

A
 

G
 

-0.114 
0.045 

0.01101 
-+ 

92.9 
14.153 

0.000 

2 
rs2074822 

A
 

G
 

0.796 
0.00006995 

A
 

G
 

0.597 
0.2194 

A
 

G
 

0.119 
0.047 

0.01118 
+- 

90.8 
10.918 

0.001 

12 
rs768526 

A
 

G
 

0.021 
0.00002602 

A
 

G
 

0.197 
0.8105 

A
 

G
 

0.211 
0.088 

0.01649 
++ 

91.7 
12.021 

0.001 
1 

rs58729818 
A

 
G

 
0.708 

0.00008947 
A

 
G

 
0.480 

0.0398 
A

 
G

 
0.102 

0.045 
0.02475 

+- 
93.1 

14.568 
0.000 

5 
rs10074285 

A
 

C
 

0.980 
0.00007715 

A
 

C
 

0.938 
0.4232 

A
 

C
 

-0.258 
0.115 

0.02499 
-+ 

91.1 
11.254 

0.001 

8 
rs1976289 

A
 

C
 

0.305 
0.00008347 

A
 

C
 

0.381 
0.01181 

A
 

C
 

-0.086 
0.042 

0.0377 
-+ 

94.3 
17.49 

0.000 
2 

rs1996412 
C

 
T 

0.121 
0.00008477 

C
 

T 
0.391 

0.1642 
T 

C
 

0.107 
0.053 

0.04323 
+- 

92.5 
13.337 

0.000 

M
eta analysis results w

ere obtained using M
ETA

L.  R
esults are sorted by p-value corresponding to the m

eta analysis.  C
olum

ns for the m
eta analysis refer to the overall estim

ated 
effect size for allele 1 (effect), the overall standard error for the effect size estim

ate (SE), the m
eta analysis p-value (p-value), sum

m
ary of effect direction for each study, w

ith one + 
or - per study (direction), I2 statistic of heterogeneity, on a scale of 0-100%

 (hetisq), chi-squared statistic in sim
ple test of heterogeneity (hetchisq), degrees of freedom

 for 
heterogeneity statistic (df), and p-value for heterogeneity statistic (hetpval).  The zero in colum

n “direction” is due to a beta estim
ate of exactly 0 for H

ispanics. 



		
Supplem

ental T
able 7.  T

op loci from
 H

ispanic/L
atina G

W
A

S (10x10-5) in A
frican A

m
ericans and results from

 m
eta analysis of W

H
I participants 

	

H
ispanic G

W
A

S R
esults  

A
frican A

m
erican G

W
A

S 
	M

eta A
nalysis R

esults 
  

R
esults  

 
C

hr  
SN

P  
A

1  
A

2  
A

1 Freq  
p-value  

A
1  

A
2  

A
1 Freq  

p-value  
A

1  
A

2  
Effect  

SE  
p-value  

D
irection   H

etISq  
H

etC
hiSq    H

etPV
al 

	

8 
rs34919099 

G
 

T 
0.2213 

0.0000915 
G

 
T 

0.251 
0.02158 

T 
G

 
-0.177 

0.046 
0.0001054 

-- 
82.1 

5.574 
0.01823 

14 
rs35612540 

C
 

T 
0.5493 

0.00007394 
C

 
T 

0.4626 
0.05258 

T 
C

 
0.152 

0.041 
0.0002357 

++ 
83.2 

5.967 
0.01458 

10 
rs7907661 

A
 

G
 

0.1861 
0.0000619 

A
 

G
 

0.0344 
0.4124 

A
 

G
 

0.286 
0.079 

0.0002989 
++ 

73 
3.697 

0.0545 

3 
rs10452033 

A
 

G
 

0.2068 
0.00001153 

A
 

G
 

0.3348 
0.06447 

A
 

G
 

0.151 
0.042 

0.0003445 
++ 

89.9 
9.909 

0.001644 
2 

rs1905469 
A

 
C

 
0.6066 

0.00003518 
A

 
C

 
0.5187 

0.07277 
A

 
C

 
-0.139 

0.039 
0.0003677 

-- 
87 

7.716 
0.005472 

8 
rs2597346 

A
 

T 
0.2137 

0.00001322 
A

 
T 

0.0857 
0.3459 

A
 

T 
-0.219 

0.062 
0.0004028 

-- 
86.5 

7.411 
0.006481 

10 
rs10886733 

C
 

T 
0.1167 

7.23E-06 
C

 
T 

0.1013 
0.2476 

T 
C

 
-0.228 

0.067 
0.0006571 

-- 
89.9 

9.934 
0.001622 

6 
rs2282123 

C
 

G
 

0.7451 
7.19E-06 

C
 

G
 

0.9442 
0.8651 

C
 

G
 

0.228 
0.067 

0.0006606 
++ 

88.4 
8.647 

0.003275 

9 
rs10981121 

C
 

T 
0.7765 

0.0000383 
C

 
T 

0.7871 
0.143 

T 
C

 
-0.156 

0.047 
0.0009044 

-- 
87.7 

8.119 
0.004381 

17 
rs10853165 

C
 

T 
0.3031 

0.00003837 
C

 
T 

0.1611 
0.2526 

T 
C

 
-0.163 

0.050 
0.0009646 

-- 
86.5 

7.403 
0.006513 

17 
rs16959526 

A
 

G
 

0.2096 
0.00008417 

A
 

G
 

0.0697 
0.4509 

A
 

G
 

0.208 
0.064 

0.001207 
++ 

82.1 
5.581 

0.01816 

2 
rs30102 

C
 

G
 

0.3118 
0.00001981 

C
 

G
 

0.0759 
0.8383 

C
 

G
 

-0.191 
0.060 

0.001503 
-- 

87.8 
8.223 

0.004137 

18 
chr18:11258947 

A
 

G
 

0.7695 
0.00005557 

A
 

G
 

0.6194 
0.1438 

A
 

G
 

0.132 
0.042 

0.001791 
++ 

88.5 
8.673 

0.003229 

13 
rs9601962 

G
 

T 
0.1849 

6.91E-06 
G

 
T 

0.1549 
0.3585 

T 
G

 
-0.166 

0.055 
0.002389 

-- 
91.6 

11.901 
0.0005612 

21 
rs2822657 

C
 

T 
0.4574 

5.35E-06 
C

 
T 

0.3725 
0.5173 

T 
C

 
0.117 

0.041 
0.004057 

++ 
92.3 

12.953 
0.0003194 

4 
rs3909663 

G
 

T 
0.5591 

0.00002102 
G

 
T 

0.4565 
0.3529 

T 
G

 
0.112 

0.039 
0.004368 

++ 
90.8 

10.874 
0.0009752 

3 
rs6770011 

A
 

T 
0.7276 

0.00005138 
A

 
T 

0.6564 
0.3278 

A
 

T 
-0.122 

0.044 
0.004944 

-- 
89.5 

9.497 
0.002058 

8 
rs4871995 

A
 

C
 

0.4656 
0.00001949 

A
 

C
 

0.2677 
0.6383 

A
 

C
 

0.124 
0.045 

0.005612 
++ 

90.8 
10.846 

0.0009899 

11 
rs1176746 

A
 

G
 

0.2586 
0.00005659 

A
 

G
 

0.1538 
0.6114 

A
 

G
 

0.146 
0.053 

0.006057 
++ 

88.9 
8.969 

0.002746 

5 
rs4895304 

A
 

G
 

0.8753 
0.00001706 

A
 

G
 

0.9571 
0.7364 

A
 

G
 

-0.229 
0.086 

0.00749 
-+ 

91.3 
11.525 

0.0006867 
2 

rs17016152 
A

 
T 

0.0726 
0.00005772 

A
 

T 
0.1488 

0.2374 
A

 
T 

0.156 
0.059 

0.008177 
++ 

90.6 
10.624 

0.001117 

9 
rs57352266 

G
 

T 
0.8815 

0.00006063 
G

 
T 

0.9503 
0.9414 

T 
G

 
0.208 

0.081 
0.009619 

+- 
89.4 

9.419 
0.002147 

2 
rs13425598 

A
 

G
 

0.9051 
0.00007455 

A
 

G
 

0.6183 
0.171 

A
 

G
 

-0.121 
0.047 

0.009811 
-- 

90.8 
10.925 

0.0009487 

15 
rs4924625 

A
 

G
 

0.4495 
0.00003068 

A
 

G
 

0.2373 
0.7433 

A
 

G
 

-0.116 
0.045 

0.01009 
-- 

90.8 
10.924 

0.000949 

4 
rs4697429 

C
 

T 
0.3565 

0.00009033 
C

 
T 

0.0884 
0.8994 

T 
C

 
0.149 

0.058 
0.0102 

+- 
88.6 

8.766 
0.00307 

2 
rs10166852 

C
 

G
 

0.4737 
7.85E-06 

C
 

G
 

0.774 
0.9587 

C
 

G
 

-0.118 
0.047 

0.01277 
-+ 

92.8 
13.848 

0.0001982 



	
2 

rs7599310 
A

 
G

 
0.796 

0.00005674 
A

 
G

 
0.6348 

0.4052 
A

 
G

 
-0.110 

0.045 
0.01321 

-- 
90.7 

10.798 
0.001016 

12 
rs10777158 

G
 

T 
0.31 

0.00006473 
G

 
T 

0.3695 
0.5364 

T 
G

 
0.101 

0.041 
0.01336 

++ 
90.3 

10.26 
0.001359 

20 
rs609508 

C
 

G
 

0.7863 
5.21E-06 

C
 

G
 

0.7323 
0.6989 

C
 

G
 

0.111 
0.045 

0.01389 
++ 

93.3 
14.945 

0.0001107 

2 
rs11096713 

G
 

T 
0.1688 

0.00004126 
G

 
T 

0.2571 
0.4483 

T 
G

 
-0.114 

0.046 
0.01424 

-- 
91.3 

11.432 
0.000722 

4 
rs11736272 

G
 

T 
0.2293 

0.00004728 
G

 
T 

0.226 
0.6939 

T 
G

 
-0.123 

0.050 
0.01487 

-- 
90.8 

10.817 
0.001006 

2 
rs1129411 

A
 

G
 

0.085 
2.94E-06 

A
 

G
 

0.0307 
0.2371 

A
 

G
 

0.229 
0.097 

0.0187 
+- 

94.4 
17.806 

0.0000244 
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
6 

3 
rs1400159 

C
 

T 
0.927 

0.000054 
C

 
T 

0.9384 
0.7907 

T 
C

 
0.182 

0.078 
0.02017 

++ 
90.9 

11.025 
0.000899 

19 
rs56127833 

A
 

G
 

0.0806 
0.00008907 

A
 

G
 

0.1881 
0.343 

A
 

G
 

0.123 
0.053 

0.02119 
++ 

90.9 
10.974 

0.0009238 

9 
rs11144241 

A
 

G
 

0.9397 
0.00009992 

A
 

G
 

0.9374 
0.7195 

A
 

G
 

-0.200 
0.088 

0.02246 
-- 

90.1 
10.087 

0.001494 

1 
chr1:115067229 

C
 

T 
0.1863 

0.00003325 
C

 
T 

0.0376 
0.1708 

T 
C

 
-0.176 

0.078 
0.02319 

-+ 
92.9 

14.011 
0.0001817 

9 
rs10820820 
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68326936 
im

puted 
0.854 

0.098 
A

 
G

 
0.902 

0.275 
0.122 

1.0 
-0.298 

0.069 
1.4E-05 	

rs6879798 
5 

169506954 
im

puted 
0.886 

0.389 
C

 
G

 
0.389 

-0.217 
0.070 

1.0 
0.187 

0.043 
1.4E-05 

D
O

C
K

2, FA
M

196B
, 

M
IR

378E, FO
X

I1, C
TB

- 
27N

1.1, C
5orf58, LC

P2, C
TB

- 
114C

7.4, C
TB

-114C
7.3, 

K
C

N
IP1, K

C
N

M
B

1 
rs79672112 

11 
35568512 

im
puted 

0.954 
0.059 

A
 

G
 

0.059 
-0.097 

0.125 
0.6 

0.318 
0.073 

1.4E-05 
SLC

1A
2, R

P1-68D
18.3, R

P4- 
683L5.1, PA

M
R

1, R
P5- 

945I17.2, FJX
1, R

P1- 
276E15.1, TR

IM
44, R

P11- 
698N

11.4 
rs7520919 

1 
77485632 

im
puted 

0.885 
0.090 

A
 

G
 

0.910 
-0.261 

0.109 
1.0 

0.330 
0.076 

1.5E-05 
R

N
U

6-161P, 
R

P11-415A
20.1, 

ST6G
A

LN
A

C
5, 

A
C

096951.1, 
R

P4-564M
11.2, PIG

K
, A

K
5 

	rs11375819 
6 

	

7 
	

70807394 
	

im
puted 

	

0.969 
	

0.101 
	

C
 

	

T 
	

0.899 
	

0.374 
	

0.112 
	

1.0 
	

-0.275 
	

0.063 
	

1.5E-05 
	W

B
SC

R
17, M

IR
3914-1, 

A
C

079398.1 

rs2845945 
11 

99656514 
im

puted 
0.925 

0.414 
A

 
G

 
0.586 

-0.248 
0.066 

1.0 
0.178 

0.041 
1.6E-05 

C
N

TN
5 

rs7712698 
5 

58043255 
genotyped 

1.000 
0.057 

A
 

G
 

0.057 
-0.462 

0.147 
1.0 

0.357 
0.083 

1.6E-05 
PLK

2, G
A

PT, M
IR

548A
E2, 

C
TD

-2117L12.1, R
A

B
3C

, 
R

P11-479O
16.1, C

TD
- 

2176I21.2, PD
E4D

, R
P11- 

266N
13.2 

rs78267647 
	

rs941179 

3 
	

12 

59721074 
	

124985028 

im
puted 

	
genotyped 

0.818 
	

1.017 

0.084 
	

0.107 

C
 

	
A

 

T 
	

G
 

0.916 
	

0.107 

-0.381 
	

0.407 

0.115 
	

0.101 

1.0 
	

1.0 

0.319 
	

-0.285 

0.074 
	

0.066 

1.6E-05 
	

1.7E-05 

R
P11-719N

22.2, FH
IT, 

N
PC

D
R

1 
FA

M
101A

, R
P11-522N

14.2, 
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

N
C

O
R

2, R
P11-83B

20.1, 
SC

A
R

B
1 



	
rs75395973 

3 
15517208 

im
puted 

0.989 
0.051 

C
 

T 
0.949 

-0.275 
0.162 

0.9 
0.446 

0.104 
1.7E-05 

C
O

L6A
4P1, C

A
PN

7, Y
_R

N
A

, 
	

SH
3B

P5-A
S1, SH

3B
P5, 

snoU
13, R

N
U

6-454P, 
M

ETTL6, EA
F1, R

N
U

6- 
1024P, EA

F1-A
S1, C

O
LQ

, 
M

IR
4270, R

N
7SL110P, 

H
A

C
L1, B

TD
, A

N
K

R
D

28, 
M

IR
3134, R

P11-44D
5.1, 

R
N

7SL4P 
	

rs10822045 
10 

52746151 
im

puted 
0.980 

0.409 
C

 
G

 
0.409 

0.207 
0.063 

1.0 
-0.175 

0.041 
1.8E-05 

A
SA

H
2B

, A
1C

F, R
P11- 

449O
16.2, R

P11-96B
5.4, 

PR
K

G
1, R

P11-96B
5.3, R

P11- 
40C

11.2, A
C

022537.1 
	rs2762109 

	
13 

	
94051889 

	
im

puted 
	

0.975 
	

0.249 
	

A
 

	
G

 
	

0.751 
	

0.262 
	

0.079 
	

1.0 
	

-0.198 
	

0.046 
	

1.8E-05 
	G

PC
6, SN

O
R

D
22 

rs73059143 
5 

19289230 
im

puted 
0.958 

0.037 
A

 
G

 
0.037 

-0.767 
0.193 

0.9 
0.454 

0.106 
1.8E-05 

R
P11-124N

3.3, R
P11-124N

3.2, 
C

D
H

18 

rs76956521 
5 

150464641 
im

puted 
0.836 

0.031 
A

 
C

 
0.969 

0.341 
0.194 

1.0 
-0.483 

0.113 
1.8E-05 

SM
IM

3, A
C

010441.1, IR
G

M
, 

ZN
F300, ZN

F300P1, G
PX

3, 
TN

IP1, A
N

X
A

6, C
TB

-17P3.4, 
C

C
D

C
69, G

M
2A

, SLC
36A

3, 
SLC

36A
2, A

C
034205.1 

	rs4600849 
	

3 
	

32027672 
	

im
puted 

	
0.924 

	
0.347 

	
C

 
	

T 
	

0.653 
	

0.141 
	

0.069 
	

1.0 
	

-0.180 
	

0.042 
	

1.9E-05 
	O

SB
PL10, O

SB
PL10-A

S1, 
ZN

F860, SN
O

R
A

25, Y
_R

N
A

, 
G

PD
1L, snoU

13, R
P11- 

384L8.1, C
M

TM
8, 

A
C

097639.1 
rs76634298 

2 
148339129 

im
puted 

0.957 
0.339 

C
 

T 
0.339 

0.162 
0.070 

1.0 
-0.189 

0.044 
1.9E-05 

snoU
13, R

N
U

6-692P, 
A

C
013406.1, Y

_R
N

A
, R

N
U

6- 
715P, R

N
A

5SP106, A
C

V
R

2A
, 

R
N

U
6-1275P 

	rs7037884 
	

9 
	

2213818 
	

genotyped 
	

1.015 
	

0.140 
	

G
 

	
T 

	
0.140 

	
0.295 

	
0.086 

	
1.0 

	
-0.249 

	
0.058 

	
1.9E-05 

	SM
A

R
C

A
2, R

P11-264I13.2, 
R

N
U

2-25P, R
N

7SL592P, 
R

P11-125B
21.2 



	
rs9817234 

3 
68707641 

im
puted 

0.980 
0.232 

C
 

T 
0.768 

0.296 
0.075 

1.0 
-0.194 

0.045 
1.9E-05 

FA
M

19A
1, A

C
096922.1, 

FA
M

19A
4, R

N
A

5SP135 

rs11073147 
15 

36392562 
genotyped 

0.991 
0.221 

A
 

G
 

0.221 
-0.254 

0.080 
1.0 

0.203 
0.048 

2.0E-05 
D

PH
6-A

S1, M
IR

4510, R
P11- 

184D
12.1, R

P11-684B
21.1, 

R
P11-475A

13.2 
	

rs164266 
	

6 
	

1202299 
	

im
puted 

	

0.920 
	

0.066 
	

C
 

	

T 
	

0.066 
	

-0.303 
	

0.135 
	

1.0 
	

0.339 
	

0.079 
	

2.0E-05 
	R

P5-1077H
22.2, R

P5- 
1077H

22.1, R
P5-856G

1.1, 
A

L033381.1, snoU
13, FO

X
Q

1, 
R

P4-668J24.2, FO
X

F2 

	rs9435067 
	

1 
	

6193084 
	

im
puted 

	
0.802 

	
0.054 

	
C

 
	

T 
	

0.946 
	

0.114 
	

0.147 
	

0.6 
	

-0.365 
	

0.086 
	

2.1E-05 
	M

IR
4689, N

PH
P4, 

A
L356261.1, K

C
N

A
B

2, 
A

L035406.1, C
H

D
5, R

PL22, 
R

P1-120G
22.11, R

N
F207, 

IC
M

T, LIN
C

00337, H
ES3, 

G
PR

153, A
C

O
T7, R

P1- 
202O

8.3, H
ES2, ESPN

, 
M

IR
4252 

	

rs792052 
	

2 
	

5560650 
	

im
puted 

	

0.889 
	

0.430 
	

A
 

	

G
 

	

0.570 
	

-0.211 
	

0.066 
	

1.0 
	

0.180 
	

0.042 
	

2.1E-05 
	A

C
107057.1, A

C
107057.2, 

A
C

108025.2, SO
X

11, 
A

C
010729.1 

	rs77620255 
	

4 
	

115263602 
	

im
puted 

	

0.875 
	

0.044 
	

A
 

	

G
 

	

0.044 
	

0.523 
	

0.154 
	

1.0 
	

-0.478 
	

0.113 
	

2.2E-05 
	U

G
T8 

rs12906291 
15 

55846059 
im

puted 
0.968 

0.088 
A

 
G

 
0.912 

0.393 
0.118 

1.0 
-0.291 

0.069 
2.3E-05 

R
A

B
27A

, R
P11-139H

15.1, 
PIG

B
, C

C
PG

1, D
Y

X
1C

1- 
C

C
PG

1, M
IR

628, C
15orf65, 

D
Y

X
1C

1, PY
G

O
1, PR

TG
, 

R
P11-420M

1.2, A
C

009997.1, 
N

ED
D

4 

rs75441182 
5 

171222776 
im

puted 
0.949 

0.034 
A

 
G

 
0.966 

-0.666 
0.167 

1.0 
0.508 

0.120 
2.3E-05 

A
C

011410.1, C
TB

-78H
18.1, 

C
5orf50, FB

X
W

11, STK
10, 

A
C

113342.1 



	
rs10917676 

1 
163089736 

im
puted 

0.959 
0.245 

C
 

T 
0.245 

-0.150 
0.079 

0.9 
0.204 

0.048 
2.4E-05 

C
1orf110, R

G
S4, R

G
S5, R

P11- 
	

267N
12.1, R

P11-267N
12.3, 

R
P11-77M

5.1, N
U

F2, 
SN

O
R

D
112 

	

rs4640379 
2 

233141377 
genotyped 

0.904 
0.330 

C
 

T 
0.330 

-0.225 
0.074 

1.0 
0.186 

0.044 
2.4E-05 

D
IS3L2, A

C
105461.1, 

	
M

IR
562, A

LPP, A
C

068134.8, 
EC

EL1P2, A
LPPL2, 

A
C

068134.6, A
LPI, EC

EL1, 
PR

SS56, C
H

R
N

D
, C

H
R

N
G

, 
TIG

D
1, EIF4E2, M

IR
5001 

	
rs1040637 

6 
134823919 

genotyped 
1.001 

0.161 
A

 
G

 
0.161 

-0.186 
0.087 

1.0 
0.217 

0.051 
2.4E-05 

SG
K

1, snoU
13, R

N
A

5SP218, 
	

Y
_R

N
A

, R
P11-557H

15.3, 
LIN

C
01010, R

P11-557H
15.4, 

R
P11-557H

15.5, C
TA

-31J9.2, 
R

P1-287H
17.1 

	

rs7612233 
3 

16223445 
im

puted 
0.933 

0.045 
C

 
T 

0.045 
-0.396 

0.162 
1.0 

0.382 
0.090 

2.5E-05 
G

A
LN

T15, D
PH

3, O
X

N
A

D
1, 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
R

FTN
1, R

P11-415F23.2, 
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

R
P11-415F23.3, R

P11- 
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

415F23.4 
rs9289733 

3 
146527585 

im
puted 

0.912 
0.040 

A
 

T 
0.040 

-0.578 
0.181 

1.0 
0.432 

0.102 
2.5E-05 

PLSC
R

1, R
N

U
6-428P, 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
PLSC

R
5, PLSC

R
5-A

S1, R
P11- 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
649A

16.1, R
P11-232M

24.1, 
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

U
3, R

N
U

6-505P 
	

rs7142399 
14 

95145579 
im

puted 
0.969 

0.321 
A

 
G

 
0.321 

-0.148 
0.069 

1.0 
0.177 

0.042 
2.6E-05 

SER
PIN

A
1, R

P11-349I1.2, 
	

SER
PIN

A
11, SER

PIN
A

9, 
SER

PIN
A

12, SER
PIN

A
4, 

SER
PIN

A
5, R

P11-986E7.7, 
SER

PIN
A

3, SER
PIN

A
13P, 

G
SC

, R
P11-991C

1.1 



	
rs76817598 

15 
55933969 

im
puted 

0.953 
0.043 

A
 

T 
0.958 

0.404 
0.159 

1.0 
-0.393 

0.093 
2.6E-05 

PIG
B

, C
C

PG
1, D

Y
X

1C
1- 

C
C

PG
1, M

IR
628, C

15orf65, 
D

Y
X

1C
1, PY

G
O

1, PR
TG

, 
R

P11-420M
1.2, A

C
009997.1, 

N
ED

D
4 

rs11507421 
8 

rs1383743 

12 
	

11 

23859564 
	

38669677 

im
puted 

	
im

puted 

0.808 
	

0.954 

0.051 
	

0.124 

C
 

	
A

 

T 
	

G
 

0.051 
	

0.877 

0.419 
	

0.400 

0.131 
	

0.112 

1.0 
	

1.0 

-0.441 
	

-0.264 

0.105 
	

0.063 

2.6E-05 
	

2.7E-05 

SO
X

5, R
P11-437F6.1 

	R
P11-63D

14.1, R
P11- 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
277K

23.1, R
P11-64I17.1 

rs6891892 
5 

147497871 
im

puted 
0.952 

0.063 
C

 
T 

0.937 
0.519 

0.143 
1.0 

-0.346 
0.082 

2.7E-05 
SPIN

K
1, SC

G
B

3A
2, C

5orf46, 
C

TC
-327F10.5, C

TC
- 

327F10.4, SPIN
K

5, SPIN
K

14, 
SPIN

K
6, C

TC
-295J13.3, 

SPIN
K

13, R
P11-373N

22.3, 
SPIN

K
7, A

C
091948.1, 

SPIN
K

9, FB
X

O
38 

rs78358474 
14 

70596552 
im

puted 
0.902 

0.023 
C

 
G

 
0.977 

0.806 
0.245 

1.0 
-0.540 

0.129 
2.7E-05 

SM
O

C
1, SLC

8A
3, R

P11- 
486O

13.2, A
D

A
M

21P1, R
P11- 

718G
2.5, C

O
X

16, SY
N

J2B
P- 

C
O

X
16, R

N
U

2-51P, 
SY

N
J2B

P, R
P11-486O

13.4 

	rs34698110 
	

12 
	

26104829 
	

im
puted 

	
0.918 

	
0.106 

	
G

 
	

T 
	

0.894 
	

-0.350 
	

0.104 
	

1.0 
	

0.301 
	

0.072 
	

2.8E-05 
	R

N
7SK

P262, R
P11-443N

24.2, 
R

P11-443N
24.3, R

P11- 
443N

24.4, R
A

SSF8-A
S1, 

R
A

SSF8, B
H

LH
E41, SSPN

, 
R

P11-283G
6.3, R

P11-283G
6.4, 

R
P11-283G

6.5 

	rs9487750 
	

6 
	

112233400 
	

im
puted 

	
0.907 

	
0.280 

	
C

 
	

G
 
	

0.280 
	

0.224 
	

0.070 
	

1.0 
	

-0.192 
	

0.046 
	

2.8E-05 	snoU
13, FY

N
, R

P1-97J1.2, 
W

ISP3, TU
B

E1, FA
M

229B
, 

LA
M

A
4, R

P1-142L7.5, R
N

U
6- 

1226P 



	
rs9923066 

16 
85021693 

im
puted 

0.913 
0.200 

A
 

G
 

0.800 
0.289 

0.084 
1.0 

-0.215 
0.051 

2.8E-05 
U

SP10, C
R

ISPLD
2, R

P11- 
254F19.2, A

C
025280.1, R

P11- 
254F19.3, ZD

H
H

C
7, 

K
IA

A
0513, FA

M
92B

, C
TC

- 
786C

10.1, LIN
C

00311 

	rs10735548 
	

9 
	

83153980 
	

im
puted 

	
0.973 

	
0.169 

	
C

 
	

G
 
	

0.169 
	

0.300 
	

0.085 
	

1.0 
	

-0.237 
	

0.057 
	

2.8E-05 
	A

L353707.1 
rs78312281 

3 
154045191 

im
puted 

0.973 
0.134 

A
 

G
 

0.866 
0.255 

0.096 
1.0 

-0.243 
0.058 

2.9E-05 
A

R
H

G
EF26-A

S1, 
A

R
H

G
EF26, D

H
X

36, snoU
13, 

G
PR

149, R
P11-656A

15.1 
	rs11776881 

	

8 
	

131805603 
	

im
puted 

	

0.869 
	

0.466 
	

A
 

	

C
 

	

0.534 
	

-0.186 
	

0.070 
	

1.0 
	

0.183 
	

0.044 
	

3.1E-05 
	K

B
-1568E2.1, A

D
C

Y
8, R

P11- 
737F9.2, R

P11-737F9.1 

rs6935115 
6 

15170802 
genotyped 

0.895 
0.256 

C
 

T 
0.256 

-0.238 
0.079 

1.0 
0.201 

0.048 
3.2E-05 

R
P11-146I2.1, R

N
7SL332P, 

A
L050335.1, R

P11-560J1.2, 
JA

R
ID

2, JA
R

ID
2-A

S1, R
N

U
6- 

522P, R
N

U
6-645P 

	
rs843184 

	
9 

	
105878269 

	
im

puted 
	

0.929 
	

0.275 
	

G
 

	
T 

	
0.275 

	
-0.154 

	
0.073 

	
1.0 

	
0.184 

	
0.044 

	
3.3E-05 

	C
Y

LC
2, R

P11-341A
22.2, 

R
P11-436F21.1 

rs2922310 
2 

177482095 
im

puted 
0.995 

0.338 
A

 
C

 
0.338 

-0.220 
0.070 

1.0 
0.179 

0.043 
3.3E-05 

M
TX

2, A
C

068706.2, 
A

C
068706.1, A

C
017048.1, 

A
C

017048.2, R
P11-324L17.1, 

A
C

017048.3, A
C

017048.4, 
R

N
U

6A
TA

C
14P, A

C
092162.1, 

A
C

073636.1 

	rs74326443 
	

5 
	

10007500 
	

im
puted 

	
0.824 

	
0.146 

	
C

 
	

T 
	

0.854 
	

-0.207 
	

0.100 
	

1.0 
	

0.268 
	

0.065 
	

3.4E-05 	TA
S2R

1, C
TD

-2143L24.1, 
R

N
A
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18.1, 
C

TD
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- 
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4.3, C
TD
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4.7, 

C
TD
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M
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, 
C

TD
-2256P15.1, C

C
T5, C

TD
- 

2256P15.4, C
TD

-2256P15.5, 
C

M
B

L, Y
_R

N
A

 
	rs11980441 

	

7 
	

82422080 
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324O
2.6, ZD

H
H

C
6, V

TI1A
 

	rs6773797 
	

3 
	

14745465 
	

im
puted 

	

0.896 
	

0.078 
	

C
 

	

G
 

	

0.078 
	

-0.330 
	

0.127 
	

1.0 
	

0.300 
	

0.075 
	

5.9E-05 
	SLC

6A
6, G

R
IP2, R

N
U

6-905P, 
A

C
090952.5, C

C
D

C
174, 

C
3orf20, A

C
090957.2, R

P11- 
95M

5.1, FG
D

5, FG
D

5-A
S1, 

N
R

2C
2 

	
rs870382 

	
11 

	
24666837 

	
im

puted 
	

0.917 
	

0.306 
	

C
 

	
G

 
	

0.306 
	

-0.248 
	

0.074 
	

1.0 
	

0.180 
	

0.045 
	

6.0E-05 
	Y

_R
N

A
, LU

ZP2 
rs7152412 

14 
95129029 

im
puted 

0.871 
0.490 

G
 

T 
0.510 

-0.235 
0.070 

1.0 
0.175 

0.044 
6.1E-05 

SER
PIN

A
1, R

P11-349I1.2, 
SER

PIN
A

11, SER
PIN

A
9, 

SER
PIN

A
12, SER

PIN
A

4, 
SER

PIN
A

5, R
P11-986E7.7, 

SER
PIN

A
3, SER

PIN
A

13P, 
G

SC
, R

P11-991C
1.1 

	rs4024642 
	

3 
	

23911262 
	

im
puted 

	
0.929 

	
0.070 

	
A

 
	

C
 
	

0.070 
	

-0.415 
	

0.139 
	

1.0 
	

0.302 
	

0.075 
	

6.1E-05 	U
B

E2E2, R
N

U
6-922P, R

N
U

6- 
788P, A

C
020626.1, U

B
E2E1- 

A
S1, U

B
E2E1, N

K
IR

A
S1, 

R
PL15, N

R
1D

2, LIN
C

00691, 
TH

R
B

 

	rs11719519 
	

3 
	

186104558 
	

genotyped 
	

1.001 
	

0.387 
	

C
 

	
T 

	
0.613 

	
-0.150 

	
0.063 

	
1.0 

	
0.166 

	
0.041 

	
6.1E-05 

	ETV
5, D

G
K

G
, R

P11-78H
24.1, 

R
P11-48F14.1, 

R
P11-48F14.2, 

C
R

Y
G

S, TB
C

C
D

1, D
N

A
JB

11, 
A

H
SG

, FETU
B

, R
P11- 

134F2.2, H
R

G
 



	
rs4761794 

12 
52819181 

im
puted 

0.962 
0.213 

C
 

G
 

0.213 
0.235 

0.076 
1.0 

-0.201 
0.050 

6.3E-05 
K

R
T80, C

12orf80, 
	

LIN
C

00592, K
R

T7, R
P3- 

416H
24.1, K

R
T86, K

R
T121P, 

R
P11-845M

18.7, K
R

T81, 
R

P11-845M
18.6, K

R
T83, 

A
C

121757.1, K
R

T85, K
R

T84, 
R

P3-416H
24.4, K

R
T82, R

P11- 
1020M

18.10, K
R

T75, K
R

T6B
, 

K
R

T6C
, K

R
T6A

, K
R

T5, 
A

C
055736.1, K

R
T71, K

R
T74, 

K
R

T72, R
P11-641A

6.2, 
K

R
T73, K

R
T2, K

R
T1, K

R
T77, 

R
P11-641A

6.3 
		

rs60127739 
6 

95154047 
im

puted 
0.824 

0.169 
G

 
T 

0.832 
-0.180 

0.089 
0.4 

0.236 
0.059 

6.4E-05 
R

P3-463P15.1 
rs73686997 

7 
36232724 

im
puted 

0.879 
0.104 

C
 

T 
0.897 

0.046 
0.100 

1.0 
-0.245 

0.061 
6.4E-05 

SEPT7, R
N

U
6-1085P, 

A
C

083864.3, PP13004, R
P11- 

196O
2.1, EEPD

1, 
A

C
007327.5, R

P11-182J23.1, 
K

IA
A

0895, Y
_R

N
A

, A
N

LN
, 

A
C

006960.7 

rs6577956 
8 

139863048 
genotyped 

0.994 
0.425 

C
 

T 
0.576 

0.149 
0.066 

1.0 
-0.160 

0.040 
6.5E-05 

C
O

L22A
1, R

P11-324F11.1, 
SN

O
R

A
25, C

TD
-2534J5.1 

rs10488069 
7 

156380932 
im

puted 
0.820 

0.421 
C

 
G

 
0.421 

0.189 
0.072 

1.0 
-0.184 

0.046 
6.6E-05 

A
C

073133.2, A
C

073133.1, 
LIN

C
01006, C

7orf13, R
N

F32, 
A

C
005534.8, LM

B
R

1, R
N

U
4- 

31P 

	rs2251308 
	

10 
	

131062816 
	

genotyped 
	

1.007 
	

0.055 
	

A
 

	
G

 
	

0.946 
	

-0.488 
	

0.125 
	

1.0 
	

0.344 
	

0.086 
	

6.7E-05 
	R

P11-168C
9.1, M

G
M

T, 
A

L355531.1, A
L355531.2 

rs11608322 
5 

10 
78007558 

im
puted 

0.878 
0.024 

C
 

T 
0.024 

0.799 
0.201 

1.0 
-0.633 

0.159 
6.7E-05 

C
10orf11, A

C
012047.1, 

R
N

7SL518P, R
N

U
6-673P, 

R
P11-369F10.2 



	
rs397280 

9 
4655278 

im
puted 

0.854 
0.159 

G
 

T 
0.842 

0.334 
0.102 

1.0 
-0.238 

0.060 
6.7E-05 

A
L162419.1, R

N
U

6-694P, 
SLC

1A
1, SPA

TA
6L, 

PPA
PD

C
2, R

P11-6J24.6, 
C

D
C

37L1, A
K

3, R
C

L1, 
M

IR
101-2, R

P11-125K
10.5, 

A
L158147.2 

rs1290100 
2 

49260542 
im

puted 
0.942 

0.422 
C

 
G

 
0.422 

0.206 
0.067 

1.0 
-0.167 

0.042 
6.8E-05 

STO
N

1-G
TF2A

1L,  LH
C

G
R

, 
FSH

R
, R

N
U

6-439P 

rs7310727 
12 

116844713 
genotyped 

1.000 
0.430 

G
 

T 
0.570 

-0.223 
0.063 

1.0 
0.160 

0.040 
6.9E-05 

M
ED

13L, M
IR

620, R
P11- 

115H
15.2, A

C
060226.1, R

P11- 
148B

3.2, M
IR

4472-2, R
P11- 

148B
3.1, LIN

C
00173, R

P11- 
809C

9.2, M
A

P1LC
3B

2, R
P11- 

497G
19.3, R

P11-497G
19.1, 

R
P11-497G

19.2 
		

rs72751005 
9 

83293176 
im

puted 
0.816 

0.059 
A

 
G

 
0.941 

-0.531 
0.141 

1.0 
0.371 

0.093 
6.9E-05 

A
L353707.1, R

P11-289F5.1 
rs41271491 

1 
230399307 

im
puted 

0.932 
0.083 

A
 

C
 

0.917 
0.333 

0.125 
1.0 

-0.287 
0.072 

7.0E-05 
R

P11-552D
4.1, B

X
323860.1, 

G
A

LN
T2, R

P5-956O
18.2, 

R
P5-956O

18.3, PG
B

D
5 

	rs12311356 
	

12 
	

26063733 
	

genotyped 
	

0.835 
	

0.425 
	

C
 

	

T 
	

0.575 
	

-0.242 
	

0.068 
	

1.0 
	

0.168 
	

0.042 
	

7.0E-05 
	IFLTD

1, R
N

7SK
P262, R

P11- 
443N

24.2, R
P11-443N

24.3, 
R

P11-443N
24.4, R

A
SSF8- 

A
S1, R

A
SSF8, B

H
LH

E41, 
SSPN

, R
P11-283G

6.3 

	rs4861972 
	

4 
	

182411425 
	

im
puted 

	
0.909 

	
0.481 

	
C

 
	

G
 
	

0.481 
	

-0.145 
	

0.068 
	

1.0 
	

0.171 
	

0.043 
	

7.1E-05 
	R

P11-665C
14.2 

rs1156513 
		rs12513577 

3 
		

5 

55929848 
		

34285666 

genotyped 
		

im
puted 

0.995 
		

0.951 

0.054 
		

0.492 

A
 

		
A

 

G
 

		
C

 

0.946 
		

0.508 

0.282 
		

0.225 

0.145 
		

0.067 

0.9 
		

1.0 

-0.337 
		

-0.164 

0.085 
		

0.041 

7.1E-05 
		

7.2E-05 

ER
C

2, 
R

P11-58O
15.1, 

M
IR

3938, 
R

N
7SK

P45, 
R

N
A

5SP133 
A

M
A

C
R

, R
P11-1084J3.4, 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
C

1Q
TN

F3, R
P11-1250I15.3, 

R
P11-1023L17.1 



	
rs4787133 

16 
8179165 

im
puted 

0.980 
0.232 

A
 

T 
0.768 

0.319 
0.079 

1.0 
-0.189 

0.048 
7.3E-05 

C
TD

-2535I10.1, A
C

093515.1, 
	

R
P11-279O

17.2, R
P11- 

279O
17.1, A

C
018767.1, R

P11- 
279O

17.3, R
P11-568A

19.1 
	

rs17777147 
2 

196084339 
genotyped 

1.013 
0.053 

A
 

C
 

0.053 
-0.341 

0.147 
1.0 

0.320 
0.081 

7.3E-05 
A

C
010983.1, A

C
064834.1, 

R
P11-762E8.1, R

N
U

6-169P 

rs16884125 
4 

30821987 
im

puted 
0.939 

0.103 
A

 
G

 
0.897 

0.256 
0.110 

1.0 
-0.265 

0.067 
7.3E-05 

PC
D

H
7, R

P11-619J20.1 
rs35896491 

5 
158537278 

im
puted 

0.939 
0.059 

A
 

G
 

0.059 
-0.412 

0.141 
1.0 

0.320 
0.081 

7.5E-05 
EB

F1, C
TD

-2363C
16.1, C

TD
- 

2363C
16.2, R

P11-175K
6.1, 

R
N

F145, C
TB

-11I22.1, C
TB

- 
11I22.2, SN

O
R

A
68, U

B
LC

P1, 
A

C
008697.1, IL12B

, 
R

N
U

4A
TA

C
2P 

	
rs1545942 

16 
48427306 

im
puted 

0.842 
0.351 

C
 

G
 

0.649 
-0.274 

0.074 
1.0 

0.184 
0.046 

7.5E-05 
A

B
C

C
12, R

P11-3M
1.1, 

A
B

C
C

11, LO
N

P2, SIA
H

1, 
R

N
7SL54P, A

C
023818.1, 

R
P11-44I10.6, snoU

13, 
N

4B
P1, R

P11-44I10.3, C
TC

- 
527H

23.2, R
P11-42I10.1, 

C
TC

-527H
23.3, C

TC
- 

527H
23.4, A

C
007611.1 

	rs75028708 
	

6 
	

69713044 
	

im
puted 

	

0.974 
	

0.028 
	

A
 

	

G
 

	

0.028 
	

0.469 
	

0.153 
	

1.0 
	

-0.445 
	

0.112 
	

7.5E-05 
	B

A
I3, A

L158051.1 
rs11992998 

8 
1126263 

im
puted 

0.843 
0.276 

C
 

T 
0.724 

0.151 
0.076 

1.0 
-0.185 

0.047 
7.8E-05 

ER
IC

H
1-A

S1, C
TD

- 
2281E23.2, C

TD
-2281E23.3, 

C
TD

-2281E23.1, A
F067845.1 

	rs12290821 
	

11 
	

21165620 
	

genotyped 
	

1.005 
	

0.274 
	

C
 

	

T 
	

0.726 
	

0.179 
	

0.070 
	

1.0 
	

-0.177 
	

0.045 
	

7.9E-05 
	N

ELL1, R
N

A
5SP336, R

P11- 
670N

15.1, R
N

A
5SP337 

rs7640232 
3 

87449493 
im

puted 
0.950 

0.357 
A

 
G

 
0.644 

-0.181 
0.070 

1.0 
0.173 

0.044 
7.9E-05 

M
IR

4795, C
H

M
P2B

, PO
U

1F1 
rs12695006 

2 
241052837 

im
puted 

1.012 
0.135 

A
 

G
 

0.865 
0.292 

0.097 
1.0 

-0.219 
0.056 

8.0E-05 
N

D
U

FA
10, M

IR
4786, O

R
6B

2, 
PR

R
21, O

R
6B

3, A
C

013469.1, 
M

Y
EO

V
2, O

TO
S, 

A
C

124861.1, A
C

124861.2 



	
rs4504281 

4 
78954098 

im
puted 

0.941 
0.111 

A
 

G
 

0.889 
-0.387 

0.101 
1.0 

0.265 
0.067 

8.0E-05 
C

N
O

T6L, M
R

PL1, FR
A

S1, 
A

C
093897.1 

rs5010472 
4 

162235785 
genotyped 

1.015 
0.404 

A
 

G
 

0.404 
-0.219 

0.066 
1.0 

0.161 
0.041 

8.0E-05 
R

P11-234O
6.2, FSTL5 

rs7573170 
2 

130429895 
genotyped 

0.994 
0.175 

A
 

G
 

0.175 
-0.205 

0.081 
1.0 

0.199 
0.051 

8.1E-05 
snoU

13, A
C

079776.1, 
A

C
079776.2, A

C
079776.3, 

A
C

079776.7 
	rs9459530 

	

6 
	

166333758 
	

im
puted 

	

1.011 
	

0.264 
	

A
 

	

T 
	

0.736 
	

-0.220 
	

0.068 
	

1.0 
	

0.177 
	

0.045 
	

8.1E-05 
	PD

E10A
, R

N
U

6-730P, R
P11- 

252P19.1, R
P11-252P19.2, 

SD
IM

1, LIN
C

00473, 
A

L590482.1, SN
O

R
D

45, T, 
R

N
U

6-153P 

	rs6049835 
	

20 
	

24636401 
	

im
puted 

	
0.973 

	
0.209 

	
A

 
	

G
 
	

0.791 
	

-0.203 
	

0.079 
	

1.0 
	

0.197 
	

0.050 
	

8.3E-05 
	SY

N
D

IG
1, R

P11-526K
17.2, 

R
P5-860P4.2, C

ST7 

rs10475881 
5 

167882953 
genotyped 

0.906 
0.456 

C
 

G
 

0.545 
0.102 

0.068 
0.9 

-0.160 
0.041 

8.3E-05 
TEN

M
2, C

TB
-178M

22.1, 
C

TB
-178M

22.2, W
W

C
1, 

R
A

R
S, FB

LL1, PA
N

K
3, 

M
IR

103A
1, C

TC
-558O

2.2, 
SLIT3, C

TC
-558O

2.1 

	rs3912421 
	

8 
	

13539846 
	

genotyped 
	

1.007 
	

0.141 
	

C
 

	
T 

	
0.141 

	
0.385 

	
0.085 

	
1.0 

	
-0.228 

	
0.058 

	
8.3E-05 

	D
LC

1, R
N

A
5SP255, R

P11- 
145O

15.3, C
8orf48, R

P11- 
480O

10.1 
	rs11145246 

	

9 
	

79671228 
	

im
puted 

	

0.982 
	

0.470 
	

A
 

	

G
 

	

0.530 
	

-0.233 
	

0.062 
	

1.0 
	

0.160 
	

0.041 
	

8.3E-05 
	PR

U
N

E2, PC
A

3, FO
X

B
2, 

V
PS13A

-A
S1, V

PS13A
 



	
rs10818729 

9 
125371916 

im
puted 

0.891 
0.406 

C
 

T 
0.594 

-0.337 
0.068 

1.0 
0.172 

0.044 
8.3E-05 

M
R

R
F, R

P11-498E2.7, R
P11- 

	
498E2.8, PTG

S1, R
P11- 

498E2.9, A
L162424.1, R

P11- 
542K

23.10, R
P11-542K

23.7, 
R

P11-542K
23.9, O

R
1J1, 

O
R

1J2, O
R

1J4, O
R

1N
1, 

O
R

1N
2, O

R
1L8, R

P11- 
64P14.7, O

R
1Q

1, O
R

1B
1, 

O
R

1L1, O
R

1L3, O
R

1L4, 
O

R
1L6, O

R
5C

1, PD
C

L, 
O

R
1K

1, R
C

3H
2, SN

O
R

D
90, 

ZB
TB

6 
		

rs1221129 
9 

122052177 
genotyped 

1.001 
0.223 

A
 

T 
0.223 

-0.251 
0.080 

1.0 
0.189 

0.048 
8.4E-05 

B
R

IN
P1, R

P11-295D
22.1 

rs75525627 
2 

178443625 
im

puted 
0.882 

0.043 
C

 
G

 
0.043 

0.626 
0.147 

1.0 
-0.397 

0.101 
8.4E-05 

N
FE2L2, A

C
074286.1, R

P11- 
337N

6.2, R
P11-337N

6.1, 
snoU

13, A
G

PS, TTC
30B

, 
A

C
073834.3, TTC

30A
, 

PD
E11A

, A
C

012499.1 

	rs2762107 
	

13 
	

94052346 
	

im
puted 

	
0.951 

	
0.136 

	
A

 
	

C
 
	

0.864 
	

0.212 
	

0.098 
	

1.0 
	

-0.228 
	

0.058 
	

8.5E-05 
	G

PC
6, SN

O
R

D
22 

rs3812312 
7 

158930775 
im

puted 
1.005 

0.095 
A

 
G

 
0.095 

-0.446 
0.112 

1.0 
0.263 

0.067 
8.5E-05 

W
D

R
60, LIN

C
00689, V

IPR
2 

rs12426427 
12 

23829883 
genotyped 

0.978 
0.038 

A
 

T 
0.038 

-0.364 
0.179 

1.0 
0.378 

0.096 
8.6E-05 

SO
X

5, R
P11-437F6.1 

rs35895337 
7 

16027952 
im

puted 
0.953 

0.054 
C

 
T 

0.946 
0.421 

0.155 
1.0 

-0.329 
0.084 

8.6E-05 
A

C
005550.4, A

C
005550.5, 

A
C

006041.1, R
P11-196O

16.1, 
ISPD

, ISPD
-A

S1 
	rs17053010 

	

5 
	

155359809 
	

im
puted 

	

1.010 
	

0.074 
	

C
 

	

G
 

	

0.074 
	

-0.267 
	

0.125 
	

1.0 
	

0.283 
	

0.072 
	

8.7E-05 
	R

N
A

5SP199, SG
C

D
 

rs17470444 
	rs2838308 

8 
	

21 

14808002 
	

44877881 

genotyped 
	

im
puted 

0.986 
	

0.828 

0.230 
	

0.240 

A
 

	
A

 

G
 

	
G

 

0.770 
	

0.761 

0.138 
	

-0.165 

0.077 
	

0.080 

0.9 
	

1.0 

-0.179 
	

0.210 

0.046 
	

0.053 

8.7E-05 
	

8.8E-05 

SG
C

Z, M
IR

383, C
TD

- 
2023J5.1 
A

P001631.10, C
R

Y
A

A
, 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
LIN

C
00322, A

P001046.5, 
A

P001046.6, SIK
1, 

LIN
C

00319, LIN
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Results of Secondary Analyses 
	

Here, we present the results for the two sets of secondary analyses performed. First, we examined 
whether SNPs with association p<1x10-5 in either sample (African American or Hispanics) showed similar 
direction or statistical evidence of association in the other sample.  Second, we performed a second GWAS in 
each sample after additionally adjusting for the two environmental exposures, as both stressful life events and 
social support were found to make large and unique contributions to the variance in depressive symptoms. 
A.  Comparison of GWAS Results Between Racial/Ethnic Groups 

We conducted two sets of meta analyses to determine the degree to which the top GWAS SNPs 
(p<10x10-5) obtained in African Americans were also the top SNPs in Hispanics and vice versa. Slightly less 
than half of the African American top SNPs (59 of the 127 SNPs tested) had effects in the same direction 
among Hispanics (Supplemental Table 5; sign test p=0.24).  The strongest signal from a meta analysis of these 
127 SNPs in both samples was for rs73531535 (p=2.27x10-7), which was the top hit in the African American 
GWAS.  Examination of I2 values (which indicate the amount of heterogeneity not due to chance) suggested a 
large degree of heterogeneity across samples (average I2 = 60.22).  Filtering out rare variants (SNPs with 
frequencies ≤ 5% in either African Americans or Hispanics) had no major impact on the results (49 of 104 
SNPs in the same direction; sign test p=0.31). 

About half of the Hispanic/Latina top SNPs (44 of the 86 SNPs tested) had effects in the same direction 
among African Americans (Supplemental Table 6; sign test p=0.46).  The best SNP in this meta analysis was 
for rs34919099 (p=1.05x10-4). We were unable to meta analyze results for our two top Hispanic SNPs 
(rs2532087 and rs4542757) as these were filtered out due to imputation quality in the African American GWAS. 
There was a very large degree of heterogeneity across samples (average I2 = 91.75).  Filtering out rare variants 
(SNPs with frequencies ≤ 5% in either African Americans or Hispanics) had no major impact on the results (37 
of 69 SNPs in the same direction; sign test p=0.32). 
B.  GWAS Results After Adjusting for Social Support and Stressful Life Events 

We performed a second GWAS in each sample that additionally adjusted for quartiles of stressful life 
events and social support in addition to the other covariates described previously.  We conducted this second 
GWAS because these two exposures were found, in both population groups, to make large and unique 
contributions to the variance in depressive symptoms beyond the other covariates (see Table 4 below).  In 
addition, previous studies have also noted the potential gains in power that could arise by accounting for the 
role of environmental exposures as a means to reduce sample heterogeneity 34. We included both exposures 
simultaneously in the model for this second GWAS, as the exposures were only modestly correlated with each 
other (African American r=0.20; Hispanic/Latina r=0.23).  This secondary GWAS contained slightly fewer 
respondents due to missingness on both environmental exposures (n=6888 African Americans and n=3004 
Hispanics). 
	

Table 4.  Percent of variance in the adjusted CES-D score explained in each model 
	

	 Model 1 Model 2 Model 3 Model 4 Model 5 
African Americans 0.04 3.25 10.58 10.02 15.55 
Hispanics 0.52 4.65 13.15 13.43 19.32 
Model 1:  Model with genetic covariates (i.e., principal components and imputation group for African Americans) 
Model 2:  Model with genetic and demographic covariates (age, income, education, marital status) 
Model 3:  Model with genetic and demographic covariates and stressful life events 
Model 4:  Model with genetic and demographic covariates and social support 
Model 5:  Model with all covariates 

  Cell entries are based on adjusted r2  values, which account for the number of parameters in the model.   
	

Results of the secondary GWAS in each sample are shown in Figure 13 below.  There was no evidence 
of genomic inflation in this secondary GWAS of African Americans (λ =1.006).  In African Americans, we 
found that results of the GWAS including environmental covariates were attenuated relative to the original 



GWAS that did not include covariates for the two environmental exposures (stressful life events and social 
support).  For example, while the direction of effect of the top result (rs73531535) was similar between the 
primary GWAS (beta= -0.297; p=5.75E-08) and secondary GWAS (beta=-0.2537; p=1.496e-06), the magnitude 
of effect was slightly reduced.  A similar attenuation in the magnitude of effect was also detected for the second 
top result (rs75407252) when comparing the primary GWAS (beta= -0.548; p=6.99E-07) to the secondary 
GWAS (beta=-0.4942; p=6.99E-07). 

We found an opposite pattern of results in Hispanics.  Among Hispanics, inclusion of environmental 
covariates led to a slight strengthening of the magnitude of association for the top SNPs. For instance, the top 
result in the secondary GWAS, rs4542757 (beta=-0.4276; p=6.882e-08), had a modestly larger effect in the 
secondary GWAS compared to the primary GWAS, where it was the second best result (beta=-0.4135; 
p=7.31E-07).  Similarly, the second best result in the secondary GWAS, rs34359572 (beta=-0.8158; p=1.88e- 
07), had a larger association in the secondary GWAS compared to the primary GWAS, where it was the sixth 
best result (beta=-0.7471; p=4.10E-06).  There was no evidence of genomic inflation in this secondary GWAS 
of Hispanics (λ =1.005). 

Taken together, these results suggest including known social-environmental covariates could help 
strengthen results from GWAS.  However, in some cases, and as demonstrated in a recent paper 35, co-varying 
out the effect of environment may be an over-adjustment as it could reduce observed genetic differences 
between individuals in the sample and may lead to biased results. 
	
C.  GWAS and GWEIS Results Using Non-Parametric Bootstrap 

To evaluate the strength of our findings given the skewed distribution of our outcome, we repeated the 
top GWAS (p<1x10-5) and GWEIS (p<1x10-6) tests of association using a non-parametric bootstrap.  For the 
top GWAS SNPs, we fit a linear regression on 1000 bootstrap samples using the boot package in R36; 37 and 
compared the effective sizes (betas) from the bootstrap samples to the beta obtained in the original analysis for 
each top SNP.  For the top GWEIS SNPs, we fit linear regressions to 5000 datasets simulated under the null 
hypothesis38 and generated p-values for each top SNP.  These p-values represent the number of betas that were 
more extreme than the beta obtained in the original analysis divided by 5000 replicates.  A significant p-value 
therefore indicates that the GxE interaction is significant at that level. 

As shown in Supplemental Table 12, the GWAS results using a non-parametric bootstrap were similar to 
our original findings.  As shown in Supplemental Tables 13 and 14, the GWEIS results were also highly 
significant, in that no betas were more extreme in the bootstrap analyses for any SNP relative to the original 
analysis (e.g., 0/5000 corresponds to p<0.0002).  Both sets of findings suggest our results were not sensitive to 
distributional assumptions of the outcome. 



Supplemental Figure 13.  Manhattan plot depicting results of GWAS including stressful life events and 
social support 
African American 
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en w

ith a zero value on all 
covariates, w

ho have 1 copy of the tested allele, and w
ho are in the low

est quartile of stressful life events.  The G
xE interaction term

 indicates the average estim
ated difference in the effect of each tested 

allele on depressive sym
ptom

s associated w
ith a one-unit different in stressful life events, adjusting for covariates.  The B

onferroni adjusted alpha level in these analyses w
as 2.5x10-8.  M

ean and 
standard deviation (SD

) for the distribution of betas for the G
xE interaction in the bootstrap analyses are presented.  For the B

ootstrap analysis, p-values are presented, w
hich represent the num

ber of 
betas that w

ere m
ore extrem

e than the beta obtained in the original analysis divided by 5000 replicates. A
 significant p-value therefore indicates that the G

xE interaction is significant at that level (e.g. 
0/5000 corresponds to p < 0.0002). 
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