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High blood pressure (BP) is more prevalent and contributes to more severe manifestations of cardiovascular disease (CVD) in African
Americans than in any other United States ethnic group. Several small African-ancestry (AA) BP genome-wide association studies
(GWASs) have been published, but their findings have failed to replicate to date. We report on a large AA BP GWAS meta-analysis
that includes 29,378 individuals from 19 discovery cohorts and subsequent replication in additional samples of AA (n = 10,386), Euro-
pean ancestry (EA) (n = 69,395), and East Asian ancestry (n = 19,601). Five loci (EVX1-HOXA, ULK4, RSPO3, PLEKHG1, and SOX6)
reached genome-wide significance (p < 1.0 x 107®) for either systolic or diastolic BP in a transethnic meta-analysis after correction
for multiple testing. Three of these BP loci (EVX1-HOXA, RSPO3, and PLEKHG1) lack previous associations with BP. We also identified
one independent signal in a known BP locus (§OX6) and provide evidence for fine mapping in four additional validated BP loci. We also
demonstrate that validated EA BP GWAS loci, considered jointly, show significant effects in AA samples. Consequently, these findings
suggest that BP loci might have universal effects across studied populations, demonstrating that multiethnic samples are an essential

component in identifying, fine mapping, and understanding their trait variability.

Hypertension (HTN [MIM 145500]) disproportionally
affects African Americans, who generally have higher
mean blood pressure (BP) and an earlier age of HTN diag-
nosis than other United States ethnicities.' Increased
severity of HTN contributes to a greater risk of stroke,
coronary heart disease, and end-stage renal disease in
African Americans than in United States European-ancestry
(EA) individuals.*® Several factors are known to be associ-
ated with HTN risk, and they include genetic susceptibility
and behavioral factors such as lifestyle, diet, and
obesity,® ' which vary across racial and ethnic groups.
Several BP genome-wide association studies (GWASs) in
EA individuals have been reported,’’”'* including the
International Consortium for Blood Pressure (ICBP)
GWAS, which identified 28 loci with a combined genetic
effect explaining 0.9% of BP variability.!! BP GWASs
performed in African-ancestry (AA) individuals, however,
have involved relatively smaller sample sizes'*'> and to
date have failed to identify replicable loci. In contrast,
admixture-mapping analysis has successfully identified
NPR3 (MIM 108962) as a BP-associated locus in AA
individuals;'® this region has also been identified in EA
individuals and East Asians.''!'”'® Unfortunately, there
have only been limited large-scale BP GWASs in African
Americans, despite their higher risk of HTN and greater
burden from BP disease. This communication reports find-
ings from a large GWAS of 29,378 AA subjects for BP traits.

The overall study design is presented in Figure 1. We per-
formed a meta-analyses of 19 studies (n = 29,378 subjects)
from the Continental Origins and Genetic Epidemiology
Network (COGENT) GWAS of AA samples for BP traits
(Table 1). All individuals were at least 20 years old and
were from 18 United States African American cohorts
and a study from Yoruba, Nigeria. For individuals reporting
use of antihypertensive medications, BP was imputed by
the addition of 10 and 5 mmHg for systolic BP (SBP) and
diastolic BP (DBP), respectively. Outliers defined as >4
SDs from the mean were excluded. Each study received
institutional-review-board approval of its consent proce-
dures, examination and surveillance components, data
security measures, and DNA collection and use for genetic
research. All participants in each study gave written
informed consent for their participation in the study and
genetic research.

After stringent quality control of genotyped and
imputed data (Table S1, available online), ~2.42 million
SNPs were available for analyses. Prespecified analyses of
SBP, DBP, and clinically treated HTN were performed for
each cohort according to standardized protocols. SNP asso-
ciations for SBP or DBP were assessed by linear regression
or the generalized linear mixed-effects model for family
data'® under the assumption of an additive model and
after adjustment for age,” body mass index, and gender.
Each study also adjusted for the first ten principal
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Discovery in AA cohorts via meta-analysis
19 AA GWASs (n = 29,378)

¥

45 independent variants with p < 1.0 x 10 for at least I
one BP trait were carried forward to replication in the
ICBP data (European ancestry: n=69,395)

Six variants replicated in ICBP (p < 5.8 x 10%) and a COGENT
variant (p < 5.0 x 10-8) were selected for replication in additional
AA (n=10,386) and East Asian (n = 19,601) samples

Transethnic meta-analyses of discovery and replication cohorts

Figure 1. Overview of GWAS Meta-analysis for the COGENT
Discovery and Replication Cohorts

components®*?! in regression analysis. For HTN, we used
logistic regression models and adjusted the covariates
appropriately. The genomic-control inflation factors
showed little evidence of residual confounding by ancestry
(Agc 0.97-1.12), indicating that population structure was
well controlled in each cohort (Table S2). For each trait
(SBP, DBP, and HTN), we combined results across studies
by using the inverse-variance-weighted meta-analysis
method. The quantile-quantile and Manhattan plots for
discovery analyses are shown in Figure S1. In these
analyses, only one SNP (rs11041530) located 10 kb down-
stream of cytochrome bS reductase 2 (CYB5R2 [MIM
608342]) reached genome-wide significance for SBP (p =
4.0 x 1078) (Table 2).

In addition to including CYB5R2, we carried forward all
SNPs with p < 1.0 x 10~ for SBP or DBP from the
COGENT discovery AA analyses for replication in each of
three replication samples: EA, AA, and Asian. We first
attempted replication in the EA ICBP data,'' which have
the largest replication sample size. There were 45 indepen-
dent SNPs with p < 1.0 x 107° for at least one trait (Table
$3, pairwise r* < 0.076 in AA samples). Two SNPs mono-
morphic in HapMap CEU (Utah residents with ancestry
from northern and western Europe from the CEPH collec-
tion) data were excluded from further analysis (Table S3).
Among the 43 independent SNPs evaluated, we calculated
the expected number of SNPs in EA ICBP samples across a
range of significance levels under the assumption that the
number of variants observed in the ICBP samples follows a
binomial distribution when none of these variants are
associated with BP. We observed significant enrichment
of BP-associated SNPs in the EA ICBP samples across the
range of significance levels (the largest p < 2.2 x 1077,
Table S4). After correction for multiple testing (Bonferroni
cutoff p = 5.8 x 10~* for two traits and 43 independent
SNPs), six additional SNPs in six BP loci reached the signif-
icance threshold for SBP or DBP; these SNPs were located
on chromosomes 3, 6, 7, and 11 (Table 2). However,
rs11041530 (CYB5R2), which reached genome-wide signif-
icance in the COGENT discovery AA samples, did not repli-

cate in ICBP samples after adjustment for multiple tests
(p = 0.029).

We then carried these six SNPs and rs11041530 forward
for further replication in additional AA (n = 10,386) and
East Asian (n = 19,601) samples. The characteristics of
the AA replication sample are shown in Table 1. Power
estimates for AA samples are described in Table S5. Three
SNPs (1513209747, 1517428471, and rs1401454) across
three independent loci replicated in AA samples (Bonfer-
roni cutoff p = 0.0037 for 14 tests, i.e., two traits and seven
SNPs, Table 2). Three SNPs (rs13209747, rs17080102 and
156924906) were also significantly associated with BP traits
in East Asians (p < 0.0037, Table 2). However, the beta es-
timate of rs6924906 was the opposite of the COGENT AA
beta estimate, and this SNP association was not considered
to be replicated (Table 2).

We next conducted transethnic meta-analyses by
combining discovery AA samples and replication samples
from all three ethnicities. In these analyses, in five inde-
pendent loci we identified five SNPs associated with BP
traits at p < 1.67 x 10°% they included rs1717027,
1513209747, rs17080102, 1517428471, and 1rs1401454,
which are consistent with the replication analyses of AA
and East Asian samples. The threshold p = 1.67 x 107,
which represents the genome-wide significance after
correction for the three traits (SBP, DBP, and HTN) we
analyzed, is relatively conservative because of the correla-
tion among the BP traits. Two SNPs, rs6924906 and
1511041530, did not reach genome-wide significance and
might indicate false-positive findings.

Three of the five SNPs in the identified loci lack previous
associations with BP. SNP rs13209747 is located near
R-spondin family member 3 (RSPO3 [MIM 610574]) in
chromosomal region 6q22 (p = 2.56 x 107'° for SBP
and 2.43 x 107!! for DBP) (Table 2). rs17080102 is an
intronic SNP in pleckstrin-homology-domain-containing,
family G (with RhoGef domain) member 1 (PLEKHG1) in
chromosomal region 6q25.1 (p = 4.75 x 10~® for SBP
and 1.90 x 10~ !! for DBP) (Table 2). Previous admixture-
mapping studies have suggested evidence of local
association with HTN at the 6q22-25 region in AA
populations.'®?*?3  RSPO3 activates the Wnt/beta-
catenin signaling pathway, and variants therein are asso-
ciated with blood urea nitrogen (a kidney trait) in
East Asians,®* waist-to-hip ratio, and bone mineral
density.”>?® Studies of knockout mice have shown that
RSPO3 is required for Vegf expression and endothelial
cell proliferation.?’

The third BP variant, rs17428471, is located at 7p15-
14, which contains several homeobox genes (EVXI-
HOXA locus [MIM 142996 and MIM 1429355], transethnic
meta-analysis p = 2.1 x 10~ ' for SBP and p = 1.6 x 10~°
for DBP) (Table 2). Linkage disequilibrium (LD) in
COGENT AA samples at 7p15-14 suggested three LD
blocks represented by three independent SNPs—
1517428471, 1517471520, and 1s11564022—with maxi-
mum pairwise 1* = 0.04. The three SNPs showed evidence
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Table 1.

Descriptive Characteristics of the AA Studies

Total Age in Years No. of BMI No. with SBP in mmHg DBP in mmHg Hypertensive
Study Subjects (Mean = SD) Males (%) (Mean = SD) HTN (%) (Mean + SD) (Mean = SD) Medication (%)
BioVu 942 443 = 16.5 269 (28.6) 32.2 = 10.0 673 (67.1) 131.4 =21.1 793 = 12.6 57.3
ARIC 2,511 533 5.8 1,045 (36.9) 29.7 = 6.0 1,612 (58.7) 1283 +20.8 79.7 + 12.1 44.0
CARDIA 833 244 = 3.8 366 (38.6) 254 * 6.1 210 (25.2) 1169 = 16.4 769 x 12.1 13.0
CFS 489 45.7 = 16.2 213 (40.9) 343 £ 9.7 209 (44.6) 128.2 = 16.0 76.5 = 10.7 38.9
JHS 2,017 50.0 = 12.2 213(39.3) 323 £78 1,193 (56.5) 1249 + 18.0  80.0 + 10.6 46.3
MESA 1,623 62.2 = 10.1 745 (45.3) 30.2 £ 5.9 1,019 (62.0) 131.4 + 21.7 74.5 = 10.2 50.5
CHS 815 72.7 £ 5.7 305 (37.4) 28.5 £5.5 598 (73.4) 148.1 =239 783 +11.6 62.7
GeneSTAR 1,132 46.5 = 12.3 432 (38.2) 320=*78 613 (54.2) 127.7 +19.7 80.7 + 11.4 379
GENOA 996 56.4 = 11.1 295(29.6) 31.1 = 6.8 688 (69.1) 135.6 + 22.5 783 + 123 56.9
HANDLS 950 48.5 £ 9.0 424 (44.6) 29.9 = 8.0 437 (46.0) 126.3 = 19.8 754 + 12.1 35.5
Health ABC 1,139 734 £ 29 488 (42.8) 28.6 = 5.4 871 (76.8) 138.7 +21.4 725 = 11.3 62.7
HyperGEN 1,252 45.2 = 13.3 407 (32.5) 325738 780 (54.2) 1344 + 235 76.5 = 12.0 37.7
Maywood-Loyola 743 423 =78 467 (62.9) 26.7 = 7.7 158 (21.3) 120.6 = 199 77.0 = 13.4 0.7
Nigeria-Loyola 1,188 47.8 = 15.5 510 (42.9) 233 = 5.1 443 (37.3) 1279 + 264 77.8 = 149 3.8
Mt. Sinai Study 873 59.3 = 12.5 364 (41.7) 30.7 = 7.8 803 (92.0) 1342 =19.6 76.7 = 10.5 88.3
WHI-SHARe 8,094 61.6 = 7.0 0(0.0) 31.0 = 6.4 4,780 (59.0) 132.2 =179 781 =94 46.2
HUFS 1,017 48.4 = 13.2 419 (41.2) 30.5 = 8.3 509 (50.0) 131.3 =219 814 =133 13.3
BHS 368 37.6 = 4.9 142 (38.6) 31.4 = 8.7 105 (28.5) 1258 +19.5 83.7 = 13.0 16.2
SIGNET 2,396 63.5 + 8.6 870 (36.3) 31.5 £ 6.9 585(24.4) 1373 = 18.8 81.4 = 10.8 71.4
AA Replication Cohorts
JUPITER 1,688 66.4 = 8.1 850 (50.3) 28.2 7.3 1,067 (63.7) 140.7 + 17.7 843 £ 9.4 53.3
Ghana 3,420 43.0 = 13.6 1,452 (42.5) 24.7 = 5.0 784 (22.9) 1273 £ 199 76.8 = 12.0 0.0
FBPP-AXIOM 872 48.9 = 13.1 372 (42.6) 31.1 7.0 604 (69.2) 128.8 = 21.6 74.6 = 11.9 65.4
HRS 1,337 66.5 = 10.2 483 (36.1) 30.5 = 6.5 1,073 (80.3) 137.3 + 23.2 82.2 = 13.0 66.9
Mt. Sinai IPM Biobank 3,057 50.2 = 14.7 1,018 (33.3) 30.7 = 8.2 1,999 (65.4) 136.0 = 23.0 80.0 = 21.0 65.2
Program
The Seychelles 483 48.1 = 13.6 203 (42.0) 27.8 = 5.4 310 (64.2) 135.6 = 22.6 845 + 12.5 44.3
TANDEM
The Seychelles Heart 906 449 = 11.2 401 (44.3) 27.2 =57 396 (43.7) 129.5 + 20.0 84.2 + 12.3 27.9

Study 111

Characteristics of studies contributing to the COGENT BP meta-analyses. Abbreviations are as follows: BMI, body mass index; BioVU, DNA databank of Vanderbilt
University; ARIC, Atherosclerosis Risk in Communities; CARDIA, Coronary Artery Risk Development in Young Adults; CFS, Cleveland Family Study; JHS, Jackson
Heart Study; MESA, Multi-Ethnic Study of Atherosclerosis; CHS, Cardiovascular Health Study; GeneSTAR, Genetic Study of Atherosclerosis Risk; GENOA, Genetic
Epidemiology Network of Arteriopathy; HANDLS, The Healthy Aging in Neighborhoods of Diversity across the Life Span study; Health ABC, Health, Aging, and
Body Composition study; HyperGEN, Hypertension Genetic Epidemiology Network; Maywood-Loyola, Maywood study at Loyola University Medical Center;
Nigeria-Loyola, Nigeria study at Loyola University Medical Center; Mt. Sinai Study, Mount Sinai, New York City, USA, study; WHI-SHARe, Women's Health Initia-
tive SNP Health Association Resource; HUFS, Howard University Family Study; BHS, Bogalusa Heart Study; SIGNET, Sea Islands Genetic Network; JUPITER, Justi-
fication for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin; Ghana, Ghana study at Vanderbilt University; FBPP-AXIOM, Family Blood
Pressure Program-AXIOM; HRS, Health and Retirement Study; and Mt. Sinai IPM Biobank, Mount Sinai Institute for Personalized Medicine Biobank Program.

of association with BP. We then performed conditional
analysis by including the three SNPs in linear regression
models by using the summary statistics?® and observed
little change in significance (Table S6). These results are
consistent with the regional SBP, DBP, and HTN plots,
where three independent SNPs are present (Figures 2A-
2C). Two of these SNPs replicated in additional AA
samples for SBP (p = 0.011 for 1511564022 and p =

1.4 x 107* for rs17428471). 1517428471 also replicated
in EA ICBP samples for both SBP and DBP (p < 2.8 x
107%). This variant was not associated with BP traits in
East Asians, although the allele is of lower frequency in
Asians (minor allele frequency < 0.05). rs17428471 also
reached genome-wide significance in transethnic meta-
analyses (p = 2.1 x 10'? and no evidence of heterogene-
ity between ancestry samples) (Table 2 and Table S7).
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Table 2. Meta-analyses of COGENT Discovery AA Samples and Replication in EA, East Asian, and Additional AA Data Sets
Effect Discovery COGENT Transethnic Replication
Allele/ Transethnic
Other Effect Allele Meta-
Chr SNP Gene Allele Frequency Trait Beta (SE) COGENT p? EAICBP p® AA p* East Asian p® analysis p™*©
6 1513209747 RSPO3 T/C 0.19 SBP 0.85(0.21) 59x107° 54x10* 50x10* 2.6x10° 2.6 x 1071°
DBP 0.56 (0.12) 88x10° 15x10°% 22x102% 1.2x10°* 24 x10 11
6 1517080102 PLEKHGI C/G 0.1 SBP  —1.02(0.25) 3.4 x10° 92x10* 23x10! 3.4x10? 48 x 108
DBP -0.74 (0.15) 54 x107 15x10* 41x10"! 85x10°* 1.9 x 10 1
6 156924906 C6orf37 T/C 0.71 SBP  —0.41(0.17) 1.7 x1072 56 x 107* 47 x 107" 20x 1073 6.2 x 10~°
(FAM46A4)
DBP -0.51(0.10) 5.6x 1077 49x102 98x 10! 88x 103 55%x 1077
7 rs17428471 EVXI-HOXA T/G 0.14 SBP 1.20 (0.24) 4.0x 1077 80x107® 1.4x107* 3.4x 107! 2.1 x 1012
DBP  0.61(0.14) 12x10° 28 x10° 1.1x102 44 x 10! 1.6 x 10°°
3 151717027 ULK4Y T/C 0.64 SBP 0.18 (0.16) 2.6 x 107! 50x10! 60x10" 56x 10! 3.0x 107!
DBP 049 (0.10) 51x107 25x107 22x102% 1.5x10°! 4.6 x 1013
11  rs1401454 SOX6< T/C 0.46 SBP 0.55(0.16) 5.7 x107* 22x10* 9.7x10* 6.7 x 107! 9.5 x 1077
DBP 0.45(0.10) 2.1x10° 3.1x10° 50x10% 55x 107! 5.1 x 107 ¢
11 1511041530 CYB5R2 C/G 0.11 SBP  —1.35(0.25) 4.0 x 108 0.029 8.0x 107! 93 x 107! 5.6 x 10°°
DBP —0.54 (0.15) 2.6 x 107* 0.119 6.5% 1071 6.6 x 107! 7.6 x 10°*

Boldface indicates genome-wide significance after correction for the number of SNPs and traits. The following abbreviation is used: Chr, chromosome.
2Significant thresholds: COGENT discovery, p < 5.0 x 107%; replication in ICBP, p = 5.8 x 10~ further replication in AA and East Asians, p = 0.0037.

BFinal significant variants were defined with the significance threshold of p < 1.67 x 1078 after adjustment for the three traits.

p values were combined for the analysis of the ICBP meta-analysis of EA samples. The replication sample size and power for each SNP in the AA studies are

presented in Table S5.
%These genes were reported by Ehret et al."" and Johnson et al.'®

The fourth variant identified, rs1401454 in SOX6 (tran-
scription factor SRY-Box6 [MIM 607257]) (Table 2 and
Figure 2D), replicated in the additional AA samples. This
SNPis 151 kb from rs2014408, a SNP which was previously
reported in a GWAS of mean arterial pressure'® in EA
individuals, but the two SNPs are in low LD (> < 0.08 in
our AA data). Furthermore, rs1401454 is 652 kb away
from PLEKHA7 (MIM 612686) rs381815, a BP-associated
SNP reported in EA samples,'' and LD between these
SNPs was weak in our data (r> < 0.05). 152014408 and
rs381815 were only nominally associated with DBP in
COGENT discovery AA samples (p = 0.05 and 0.02, respec-
tively). We then performed conditional analysis for DBP in
the COGENT AA cohorts by including 152014408 and
rs381815 as covariates in linear regression models by using
the summary-statistic method. The association between
151401454 and DBP was largely unchanged (Table S8),
suggesting that rs1401454 is independent of the two
reported SNPs identified in EA subjects.

The fifth identified variant, rs1717027, is located in
ULK4 (p = 4.6 x 107" in the transethnic DBP meta-
analysis) (Table 2). This locus was previously reported to
be associated with DBP in EA individuals.'? rs1717027 is
in strong LD with two nonsynonymous SNPs (nsSNPs)
(rs1716975 and 152272007, pairwise 1* > 0.93 in HapMap
YRI [Yoruba in Ibadan, Nigeria]). Another ULK4 nsSNP,
153774372, previously reported to be associated with
DBP!! (Figure 2E), was not associated with BP traits in

our AA samples (p = 0.75), nor was it in LD with
151717027, 151716975, or rs2272007 (all pairwise r* <
0.14 in COGENT AA subjects). We phased haplotypes by
using these four SNPs and observed two common haplo-
types in the HapMap CEU sample and evidence of a histor-
ical recombination event in a haplotype in AA samples
(Figure 2F). Both the recombinant haplotype and one orig-
inal haplotype (blue haplotype in Figure 2F) in AA popula-
tions have similar effects on DBP, suggesting that
153774372 or variants that are in LD with it are unlikely
to be the causal variant(s). Because rs1716975 and
152272007 are in strong LD in the AA population, further
conditional fine mapping would be uninformative.
Because of the high correlation among BP traits, we also
examined evidence of SNP associations with SBP, DBP, and
HTN in COGENT GWAS samples by using a “sign flipping”
multitrait test, based on available summary statistics. In
brief, let §;°" and s;*", 67" and 5P, and g™ and s}'™
be the estimated regression coefficients and SEs for SBP,
DBP, and HTN, respectively, for the i™ SNP and the j™
cohort, wherei =1, 2, ..., 2,415,958 andj =1, 2, ..., 19.
Let p?®’, pPBP and p!'™ be the meta-analysis p values of
the i™ SNP for the three traits. We used Fisher’s method
for combining p values to summarize the total associa-
tion evidence of the i™ SNP for each trait, i.e.,
x; = —log(pB'pPBPpHIN) . Because no original genotype
and phenotype information is available for the cohorts,
we were not able to evaluate the distribution of x; under
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Figure 2. Regional Interrogation of the EVX1-HOXA, SOX6, and ULK4 Loci

(A-C) Associations between SBP, DBP, and HTN and homeobox genes on chromosome 7. Note the three independent SNPs (purple

diamonds) in this region with multiple homeobox genes and EVX1 (Table 2). SNP 1517428471 is located in the middle peak.

(D) Association between DBP and SOX6 on chromosome 11. p values of rs1401454 in both COGENT and all combined AA samples

are shown.

(legend continued on next page)
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the null hypothesis by a conventional permutation
approach, i.e., by permuting the original phenotypes while
holding the genotypes constant. Instead, we randomly
flipped the sign of regression coefficients. To preserve the
correlations among the three traits, as well as the LD pat-
terns among SNPs, we flipped the signs of regression coef-
ficients simultaneously for one cohort and three traits. We
performed this procedure 10,000 times. That is, at the k™
time for the j™ cohort, we generated w; = 1 or —1 with

equal probability and let ;8™ w;8;"", and w;8;™ be
the estimated regression coefficients. We then performed
an inverse-variance-weighted meta-analysis by using the

flipped regression coefficients and the original SEs
to calculate p;°" | p®" HINGK ®

—log(pl.SBP(@plpBP(k)p,.HTN(k)). We recorded x® = max,-(x?k)),

where k =1, 2, ..., 10,000, which is the empirical distribu-
tion of the most extreme summary statistic, genome-wide,
under the null hypothesis that a SNP is not associated with
any of the three traits. For the it SNP, we computed the
genome-wide p value as (1 + Y, I(x; < x®))/10,001. Any
SNP with p < 0.05 was considered genome-wide signifi-
cant. Our simulations suggested that this method has valid
type I error and is more powerful than a single SNP analysis
(data not shown). With the “sign flipping” test, SNP
1517428471 reached genome-wide significance (p =
0.002), suggesting that this variant contributes to SBP,
DBP, and HTN traits. These findings also provide further
evidence of a role for the EVX1-HOXA locus for BP traits.

We also assessed whether BP loci previously identified in
EA subjects have a broad role across ancestries. We tested
the 29 ICBP-reported BP-associated SNPs from EA individ-
uals;'! three loci were significantly associated with BP in
COGENT AA individuals (Table S9, p < 0.00086), and ten
additional loci showed nominal replication (p < 0.05).
We then examined the correlations between effect sizes
and logio(p values) and the 29 EA-derived SNPs in our
AA and Fast Asian samples. Although the p values were
generally weakly correlated across different ancestries,
the effect sizes were strongly correlated (Figure 3), suggest-
ing consistent contribution of these common variants to
BP across ancestries.

To fine map the genomic regions of reported ICBP vari-
ants, we further examined the 500 kb surrounding region
at each of the loci in the COGENT AA samples. In four
loci, we noted more significant SNPs than the ICBP index
(published) SNPs identified in EA individuals. The index
SNPs were not significant when conditioned on the most
significant SNPs in the COGENT sample (Table S10 and

) and hence x

¥ and p

Figures S2-S5). We calculated the sizes of LD blocks sur-
rounding the most significant SNPs in the COGENT AA
sample and observed shorter LD blocks. Therefore, in this
data set, AA samples provided further fine mapping of
these signals within these BP-associated loci.

We then estimated composite genetic-risk scores, as
defined by ICBP, and observed highly significant associa-
tions for both SBP and DBP in the COGENT AA sample
(p=1.5 x 107'° for SBP and p = 1.3 x 107 for DBP). A
composite genetic-risk score using the five variants identi-
fied in this study accounted for 0.44% and 0.54% of the
variability of SBP and DBP, respectively. The addition of
these SNPs to the known variants from ICBP in the com-
posite genetic-risk score substantially improved the ex-
plained variability to 0.80% and 1.42% for SBP and DBP,
respectively. These findings provide evidence that many
common variants at BP loci have broad effects across EA,
AA, and East Asian populations rather than being popula-
tion specific.

By examining a large number of genome-wide gene-
expression data sets primarily from EA populations with
significant index SNPs or proxies in high LD (r* > 0.8 in
HapMap CEU and YRI),*’ we identified two loci as expres-
sion quantitative trait loci (eQTL). The BP-associated SOX6
index signal (rs1401454) was also independently associ-
ated with gene-expression levels of SOX6 in liver
tissue in two studies (p < 5.8 x 10>* and p < 1.0 X
107193931 The strongest eQTL SNP for SOX6 in each
data set was rs1401454, indicating strong concordance
between the BP and expression association signals. Several
correlated SNPs at 3p22.1, including the index SNP
151717027, were associated with gene-expression levels
of both ULK4 and CTNNB1 (MIM 116806) in multiple
tissues, including blood cells, adipose tissue, and brain
tissue (ULK4 strongest p = 1.0 x 10~ in the prefrontal
cortex, CTNNBI strongest p = 3.8 x 107°° in the pre-
frontal cortex).

Pathway analyses applied to the genes (EVXI1-HOXA,
SOX6, RSPO3, PLEKHGI1, and ULK4) with Ingenuity
Pathway Analysis identified five canonical pathways (Fig-
ures S6A and S6B, p < 0.05), including nitric oxide
signaling, which influences many processes related to BP,
such as effects on vessel caliber (vasodilation), endothelial
function, and cardiac contraction®? (Table S11). The genes
identified in this study (EVX1, SOX6, and HOXA family
genes) were present in a network connecting with
CTNNBI1, which is also a gene identified in expression
analysis. CTNNB1 is a key player in Wnt signaling
pathway.*?

(E) Association between DBP and ULK4 on chromosome 3. One arrow points to the ICBP SNP rs3774372, which does not show evidence
of association in COGENT samples. The most significant SNP is rs1717027.

(F) Haplotype analysis of coding variants 1s3774372, rs1716975, 1s1717027, and rs2272007 in ULK4. The red and blue lines indicate
haplotypes. The arrow points to a historical recombination breakpoint observed in AA, but not in EA (HapMap CEU), populations.
The best model fitting the National Heart, Lung, and Blood Institute Candidate-gene Association Resource (“CARe”) data is TCCC versus
(CTTT and TTTT), indicating that SNP rs3774372 reported in ICBP'! is unlikely to be a causal variant.

In (A)-(E), the x axes show chromosomal positions, the left y axes show the p values, and the right y axes show the recombination rates

across the region.
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Figure 3.
Asian Data Sets

05 00 05 10

East Asia effect sizes

Pairwise Scatter Plots of the Effect Sizes of the 21 ICBP-Reported Variants among the COGENT, ICBP, South Asian, and East

The figure is plotted on the basis of the variants after exclusion of eight monomorphic variants in HapMap CHB (Han Chinese in Beijing,
China) and JPT (Japanese in Tokyo, Japan) samples. The Pearson correlation coefficients and the corresponding p values are r = 0.72 and
p=86x10""1(A),1=0.69andp=2.1 x 10 ° (B),r=0.64andp=8.6 x 1077 (C),r=0.76 andp=1.4 x 107 (D),r=0.8and p =
3.2 x 1077 (E), and r = 0.7 and p=32x 1071° (F). We observed that the effect sizes are highly correlated across the different ethnic
populations. These results strongly suggest that many common variants consistently contribute to BP variation across ethnicities,
although replication is challenging because of variation in LD, sample size, and allele frequency.

We further investigated the functional significance of
the SNP signals in our association analysis by using the
publically available ENCODE Project Consortium
resources.>* ¢ We primarily used RegulomeDB and
HaploReg for functional annotation of our COGENT BP
findings.*>*° The rs17428471 variant in HOXA3 was
observed to be in a Pax-4 motif. 1511564022 (HOXA3) is
in perfect LD with rs11564023, which is in a DNase site
(in NB4 cells) and marked by a number of histone
marks and PEBP, Osf2, and Evi-1 motifs. rs17080102
resides in a DNase hypersensitive site marked by
H3K27Ac and is in a region shown to bind c-Fos,
GATA-2, and Pol2. Furthermore, this variant is in perfect
LD with rs17080069, located in a DNase hypersensitive
site that demonstrates binding to a number of cardiovas-
cular regulators, including ESR1, TCF4, and NR3Cl1
(glucocorticoid receptor).

We then evaluated the evidence of recent positive selec-
tion near the BP signals identified in our association anal-
ysis by using several statistical techniques and the BioVU
GWAS data, as well as population reference data sets
(HapMap Phase III and the Human Genome Diversity
Project). We compared adjusted allele frequencies among
the BioVU African Americans and HapMap Phase III LWK
(Luhya in Webuye, Kenya) and YRI individuals by using
the method Treeselect®” and detected genome-wide-signif-
icant evidence of local differentiation between East and
West African populations at nsSNP rs2301721 (p =
6.73 x 107%) in homeobox A7 (HOXA7) in the chromo-
some 7 region near our SBP signal at EVX1. We detected
modest signatures of recent positive selection in the region
of EVX1-HOXA (near HOXA7) by using a number of con-
ventional metrics**** (Figures $7-S13). Similar signatures
of selection have been previously noted in East Asian
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populations at the ALDHZ locus, where an ethnicity-
specific association with BP traits was also observed.'”
These observations are consistent with the notion that
BP-regulation mechanisms have been subjected to natural
selection during human history.*!

In summary, using AA samples and transethnic meta-
analyses, we identified three BP loci (EVXI-HOXA,
RSPO3, and PLEKHGI1) and one independent SNP in a
known BP locus (SOX6) and further fine mapped four
previously identified loci. Overall, we observed that com-
mon variants discovered in EA subjects also have broad
effects in our AA data sets. Cumulatively, these analyses
signify that a largely common set of genes regulate BP
across the studied human populations.
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Supplemental Data include descriptions of study samples, Supple-
mental Acknowledgments, 13 figures, and 11 tables and can be
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Received: March 1, 2013
Revised: May 20, 2013
Accepted: July 3, 2013
Published: August 22, 2013

Web Resources
The URLs for data presented herein are as follows:

ENCODE Pilot Project: Common Consortium Resources, www.
genome.gov/12513455

Ingenuity Pathway Analysis, http://www.ingenuity.com

Online Mendelian Inheritance in Man (OMIM),
www/omim.org/

http://

References

1. Roger, V.L., Go, A.S., Lloyd-Jones, D.M., Benjamin, E.J., Berry,
].D., Borden, W.B., Bravata, D.M., Dai, S., Ford, E.S., Fox, C.S.,
et al.; American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. (2012). Executive summary:
heart disease and stroke statistics—2012 update: a report
from the American Heart Association. Circulation 125,
188-197.

2. Hertz, R.P.,, Unger, A.N., Cornell, ].A., and Saunders, E. (2005).
Racial disparities in hypertension prevalence, awareness, and
management. Arch. Intern. Med. 165, 2098-2104.

3. Stevens, J., Truesdale, K.P., Katz, E.G., and Cai, J. (2008).
Impact of body mass index on incident hypertension and
diabetes in Chinese Asians, American Whites, and American
Blacks: the People’s Republic of China Study and the
Atherosclerosis Risk in Communities Study. Am. J. Epidemiol.
167, 1365-1374.

4. Chobanian, A.V., Bakris, G.L., Black, H.R., Cushman, W.C,,
Green, L.A,, Izzo, ]J.L., Jr.,, Jones, D.W., Materson, B.J., Oparil,
S., Wright, J.T., Jr., and Roccella, E.J.; National Heart, Lung,
and Blood Institute Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure;
National High Blood Pressure Education Program Coordi-

10.

11.

12.

13.

14.

15.

nating Committee. (2003). The Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure: the JNC 7 report.
JAMA 289, 2560-2572.

. Berry, ].D., Dyer, A., Cai, X., Garside, D.B., Ning, H., Thomas,

A., Greenland, P., Van Horn, L., Tracy, R.P., and Lloyd-Jones,
D.M. (2012). Lifetime risks of cardiovascular disease. N. Engl.
J. Med. 366, 321-329.

. Forman, J.P., Stampfer, M J., and Curhan, G.C. (2009). Diet

and lifestyle risk factors associated with incident hypertension
in women. JAMA 302, 401-411.

. Whelton, PK., He, J., Appel, LJ., Cutler, J.A., Havas, S.,

Kotchen, T.A., Roccella, E.J., Stout, R., Vallbona, C., Winston,
M.C., and Karimbakas, J.; National High Blood Pressure
Education Program Coordinating Committee. (2002). Primary
prevention of hypertension: clinical and public health
advisory from The National High Blood Pressure Education
Program. JAMA 288, 1882-1888.

. Stamler, J., Stamler, R., Neaton, J.D., Wentworth, D., Daviglus,

M.L., Garside, D., Dyer, A.R., Liu, K., and Greenland, P. (1999).
Low risk-factor profile and long-term cardiovascular and
noncardiovascular mortality and life expectancy: findings
for 5 large cohorts of young adult and middle-aged men and
women. JAMA 282, 2012-2018.

. Appel, L]., Brands, M.W., Daniels, S.R., Karanja, N., Elmer, P]J.,

and Sacks, EM.; American Heart Association. (2006). Dietary
approaches to prevent and treat hypertension: a scientific
statement from the American Heart Association. Hyperten-
sion 47, 296-308.

Primatesta, P., Falaschetti, E., Gupta, S., Marmot, M.G., and
Poulter, N.R. (2001). Association between smoking and blood
pressure: evidence from the health survey for England. Hyper-
tension 37, 187-193.

Ehret, G.B., Munroe, P.B., Rice, KM., Bochud, M., Johnson,
A.D., Chasman, D.I.,, Smith, A.V.,, Tobin, M.D., Verwoert,
G.C., Hwang, SJ., et al,; International Consortium for Blood
Pressure Genome-Wide Association Studies; CARDIoOGRAM
consortium; CKDGen Consortium; KidneyGen Consortium;
EchoGen consortium; CHARGE-HF consortium. (2011).
Genetic variants in novel pathways influence blood pressure
and cardiovascular disease risk. Nature 478, 103-109.

Levy, D., Ehret, G.B., Rice, K., Verwoert, G.C., Launer, L.].,
Dehghan, A., Glazer, N.L., Morrison, A.C., Johnson, A.D.,
Aspelund, T., et al. (2009). Genome-wide association study
of blood pressure and hypertension. Nat. Genet. 41, 677-687.
Newton-Cheh, C., Johnson, T., Gateva, V., Tobin, M.D.,
Bochud, M., Coin, L., Najjar, S.S., Zhao, J.H., Heath, S.C.,
Eyheramendy, S., et al.; Wellcome Trust Case Control
Consortium. (2009). Genome-wide association study iden-
tifies eight loci associated with blood pressure. Nat. Genet.
41, 666-676.

Adeyemo, A., Gerry, N., Chen, G., Herbert, A., Doumatey, A.,
Huang, H., Zhou, ]., Lashley, K., Chen, Y., Christman, M.,
and Rotimi, C. (2009). A genome-wide association study of
hypertension and blood pressure in African Americans. PLoS
Genet. 5, e1000564.

Fox, E.R., Young, ]J.H., Li, Y., Dreisbach, A.W., Keating, B.J.,
Musani, S.K., Liu, K., Morrison, A.C., Ganesh, S., Kutlar, A.,
et al; International Consortium for Blood Pressure
Genome-wide Association Studies (ICBP-GWAS). (2011).
Association of genetic variation with systolic and diastolic
blood pressure among African Americans: the Candidate

The American Journal of Human Genetics 93, 545-554, September 5, 2013 553


http://www.cell.com/AJHG/
http://www.genome.gov/12513455
http://www.genome.gov/12513455
http://www.ingenuity.com
http://www/omim.org/
http://www/omim.org/

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Gene Association Resource study. Hum. Mol. Genet. 20, 2273-
2284.

Zhu, X., Young, J.H., Fox, E., Keating, B.J., Franceschini, N.,
Kang, S., Tayo, B., Adeyemo, A., Sun, Y.V, Li, Y., et al.
(2011). Combined admixture mapping and association anal-
ysis identifies a novel blood pressure genetic locus on 5p13:
contributions from the CARe consortium. Hum. Mol. Genet.
20, 2285-2295.

Kato, N., Takeuchi, F, Tabara, Y., Kelly, T.N., Go, M ]J., Sim, X.,
Tay, W.T., Chen, C.H., Zhang, Y., Yamamoto, K., et al. (2011).
Meta-analysis of genome-wide association studies identifies
common variants associated with blood pressure variation
in east Asians. Nat. Genet. 43, 531-538.

Johnson, T., Gaunt, T.R., Newhouse, S.J., Padmanabhan, S.,
Tomaszewski, M., Kumari, M., Morris, RW., Tzoulaki, I.,
O’Brien, E.T., Poulter, N.R., et al.; Cardiogenics Consortium;
Global BPgen Consortium. (2011). Blood pressure loci
identified with a gene-centric array. Am. J. Hum. Genet. 89,
688-700.

Chen, M.H., and Yang, Q. (2010). GWAF: an R package for
genome-wide association analyses with family data. Bioinfor-
matics 26, 580-581.

Price, A.L., Patterson, N.J., Plenge, R.M., Weinblatt, M.E.,
Shadick, N.A., and Reich, D. (2006). Principal components
analysis corrects for stratification in genome-wide association
studies. Nat. Genet. 38, 904-909.

Zhu, X., Zhang, S., Zhao, H., and Cooper, R.S. (2002). Associ-
ation mapping, using a mixture model for complex traits.
Genet. Epidemiol. 23, 181-196.

Zhu, X., and Cooper, R.S. (2007). Admixture mapping pro-
vides evidence of association of the VNN1 gene with hyper-
tension. PLoS ONE 2, e1244.

Zhu, X., Luke, A., Cooper, R.S., Quertermous, T., Hanis, C.,
Mosley, T., Gu, C.C., Tang, H., Rao, D.C., Risch, N., and Weder,
A. (2005). Admixture mapping for hypertension loci with
genome-scan markers. Nat. Genet. 37, 177-181.

Kim, Y.J., Go, MJ., Hu, C., Hong, C.B., Kim, Y.K., Lee, J.Y.,
Hwang, J.Y., Oh, J.H., Kim, D.J., Kim, N.H., et al.; MAGIC con-
sortium. (2011). Large-scale genome-wide association studies
in East Asians identify new genetic loci influencing metabolic
traits. Nat. Genet. 43, 990-995.

Duncan, E.L., Danoy, P., Kemp, J.P.,, Leo, PJ., McCloskey, E.,
Nicholson, G.C., Eastell, R., Prince, R.L., Eisman, J.A., Jones,
G., et al. (2011). Genome-wide association study using
extreme truncate selection identifies novel genes affecting
bone mineral density and fracture risk. PLoS Genet. 7,
€1001372.

Heid, I.M., Jackson, A.U., Randall, J.C., Winkler, TW., Qi, L.,
Steinthorsdottir, V., Thorleifsson, G., Zillikens, M.C., Spe-
liotes, E.K., Mdgi, R., et al.; MAGIC. (2010). Meta-analysis
identifies 13 new loci associated with waist-hip ratio and
reveals sexual dimorphism in the genetic basis of fat distribu-
tion. Nat. Genet. 42, 949-960.

Kazanskaya, O., Ohkawara, B., Heroult, M., Wu, W., Maltry,
N., Augustin, H.G., and Niehrs, C. (2008). The Wnt signaling
regulator R-spondin 3 promotes angioblast and vascular devel-
opment. Development 135, 3655-3664.

Yang, J., Ferreira, T., Morris, A.P., Medland, S.E., Madden, P.A.,
Heath, A.C., Martin, N.G., Montgomery, G.W., Weedon, M.N.,

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Loos, RJ., et al.; Genetic Investigation of ANthropometric
Traits (GIANT) Consortium; DIAbetes Genetics Replication
And Meta-analysis (DIAGRAM) Consortium. (2012). Condi-
tional and joint multiple-SNP analysis of GWAS summary
statistics identifies additional variants influencing complex
traits. Nat. Genet. 44, 369-375, S1-S3.

Johnson, A.D., Handsaker, R.E., Pulit, S.L., Nizzari, M.M.,
O’Donnell, C.J., and de Bakker, P.I. (2008). SNAP: a web-based
tool for identification and annotation of proxy SNPs using
HapMap. Bioinformatics 24, 2938-2939.

Greenawalt, D.M., Dobrin, R., Chudin, E., Hatoum, 1]., Suver,
C., Beaulaurier, J., Zhang, B., Castro, V., Zhu, J., Sieberts, S.K.,
et al. (2011). A survey of the genetics of stomach, liver, and
adipose gene expression from a morbidly obese cohort.
Genome Res. 21, 1008-1016.

Innocenti, F, Cooper, G.M., Stanaway, 1.B., Gamazon, E.R.,
Smith, J.D., Mirkov, S., Ramirez, J., Liu, W,, Lin, Y.S., Moloney,
C., et al. (2011). Identification, replication, and functional
fine-mapping of expression quantitative trait loci in primary
human liver tissue. PLoS Genet. 7, e1002078.

Saraiva, R.M., and Hare, J].M. (2006). Nitric oxide signaling in
the cardiovascular system: implications for heart failure. Curr.
Opin. Cardiol. 21, 221-228.

Clevers, H., and Nusse, R. (2012). Wnt/p-catenin signaling
and disease. Cell 149, 1192-1205.

Bernstein, B.E., Birney, E., Dunham, I., Green, E.D., Gunter,
C., and Snyder, M.; ENCODE Project Consortium. (2012).
An integrated encyclopedia of DNA elements in the human
genome. Nature 489, 57-74.

Boyle, A.P,, Hong, E.L., Hariharan, M., Cheng, Y., Schaub,
M.A., Kasowski, M., Karczewski, K.J., Park, J., Hitz, B.C.,
Weng, S., et al. (2012). Annotation of functional variation in
personal genomes using RegulomeDB. Genome Res. 22,
1790-1797.

Ward, L.D., and Kellis, M. (2012). HaploReg: a resource for
exploring chromatin states, conservation, and regulatory
motif alterations within sets of genetically linked variants.
Nucleic Acids Res. 40 (Database issue), D930-D934.

Bhatia, G., Patterson, N., Pasaniuc, B., Zaitlen, N., Genovese,
G., Pollack, S., Mallick, S., Myers, S., Tandon, A., Spencer, C.,
et al. (2011). Genome-wide comparison of African-ancestry
populations from CARe and other cohorts reveals signals of
natural selection. Am. J. Hum. Genet. 89, 368-381.

Tajima, F. (1989). Statistical method for testing the neutral
mutation hypothesis by DNA polymorphism. Genetics 123,
585-595.

Sabeti, P.C., Varilly, P., Fry, B., Lohmueller, J., Hostetter, E.,
Cotsapas, C., Xie, X., Byrne, E.H., McCarroll, S.A., Gaudet,
R., et al; International HapMap Consortium. (2007).
Genome-wide detection and characterization of positive selec-
tion in human populations. Nature 449, 913-918.

Voight, B.F., Kudaravalli, S., Wen, X., and Pritchard, J.K.
(2006). A map of recent positive selection in the human
genome. PLoS Biol. 4, e72.

Young, J.H., Chang, Y.P,, Kim, ].D., Chretien, J.P., Klag, M.]J.,
Levine, M.A., Ruff, C.B., Wang, N.Y,, and Chakravarti, A.
(2005). Differential susceptibility to hypertension is due
to selection during the out-of-Africa expansion. PLoS Genet.
1, e82.

554 The American Journal of Human Genetics 93, 545-554, September 5, 2013



The American Journal of Human Genetics, Volume 93

Supplemental Data
Genome-wide Association Analysis of Blood-Pressure

Traits in African-Ancestry Individuals Reveals Common

Associated Genes in African and Non-African Populations

Nora Franceschini, Ervin Fox, Zhaogong Zhang, Todd L. Edwards, Michael A. Nalls, Yun Ju Sung,
Bamidele O. Tayo, Yan V. Sun, Omri Gottesman, Adebawole Adeyemo, Andrew D. Johnson, J. Hunter
Young, Ken Rice, Qing Duan, Fang Chen, Yun Li, Hua Tang, Myriam Fornage, Keith L. Keene, Jeanette S.
Andrews, Jennifer A. Smith, Jessica D. Faul, Zhang Guangfa, Wei Guo, Yu Liu, Sarah S. Murray,
Solomon K. Musani, Sathanur Srinivasan, Digna R. Velez Edwards, Heming Wang, Lewis C. Becker,
Pascal Bovet, Murielle Bochud Ulrich Broeckel, Michel Burnier, Cara Carty, Daniel I. Chasman, Georg
Ehret, Wei-Min Chen, Guanjie Chen, Wei Chen, Jingzhong Ding, Albert W. Dreisbach, Michele K. Evans,
Xiuging Guo, Melissa E. Garcia, Rich Jensen, Margaux F. Keller, Guillaume Lettre, Vaneet Lotay, Lisa W.
Martin, Jason H. Moore, Alanna C. Morrison, Thomas H. Mosley, Adesola Ogunniyi, Walter Palmas,
George Papanicolaou, Alan Penman, Joseph F. Polak, Paul M. Ridker, Babatunde Salako, Andrew B.
Singleton, Daniel Shriner, Kent D. Taylor, Ramachandran Vasan, Kerri Wiggins, Scott M. Williams, Lisa
R. Yanek, Wei Zhao, Alan B. Zonderman, Diane M. Becker, Gerald Berenson, Eric Boerwinkle, Erwin
Bottinger, Mary Cushman, Charles Eaton, Fredrik Nyberg, Gerardo Heiss, Joel N. Hirschhron, Virginia J.
Howard, Konrad J. Karczewsk, Matthew B. Lanktree, Kiang Liu, Yongmei Liu, Ruth Loos, Karen
Margolis, Michael Snyder, the Asian Genetic Epidemiology Network Consortium, Bruce M. Psaty,
Nicholas J. Schork, David R. Weir, Charles N. Rotimi, Michele M. Sale, Tamara Harris, Sharon L.R.
Kardia, Steven C. Hunt, Donna Arnett, Susan Redline, Richard S. Cooper, Neil J. Risch, D.C. Rao, Jerome
I. Rotter, Aravinda Chakravarti, Alex P. Reiner, Daniel Levy, Brendan J. Keating, and Xiaofeng Zhu

AGEN Consortium Members

Min Jin Go, Young Jin Kim, Jong-Young Lee, Jae-Pil Jeon, Sung Soo Kim, Bok-Ghee Han, Yoon Shin Cho,
Xueling Sim, Wan Ting Tay, Rick Twee Hee Ong, Mark Seielstad, Jian Jun Liu, Tin Aung, Tien Yin Wong, Yik
Ying Teo, E Shyong Tai, Chien-Hsiun Chen, Li-ching Chang, Yuan-Tsong Chen, Jer-Yuarn Wu, Tanika N.
Kelly, Dongfeng Gu, James E. Hixson, Yun Ju Sung, Jiang He, Yasuharu Tabara, Yoshihiro Kokubo, Tetsuro
Miki, Naoharu Iwai, Norihiro Kato, Fumihiko Takeuchi, Tomohiro Katsuya , Toru Nabika, Takao Sugiyama,
Yi Zhang, Wei Huang, Xuegong Zhang, Xueya Zhou, Li Jin, Dingliang Zhu



Study Description and Populations

1. Discovery COGENT BP studies
BioVU: BioVU is a DNA biorepository linked to a database of de-identified electronic medical
records (EMR), designed and implemented to support genetic association studies at Vanderbilt
University (VU). BioVU is an ongoing study with rapid accrual of DNA specimen, accumulating
~26,000 participants per year, and with a current size of over 130,000. Studies in BioVU have
demonstrated the validity of EMR-based phenotypes ', clinical assessment of ancestry ?,
investigated pharmacogenetic traits >, and cardiovascular traits ®®. A detailed description of
the human subjects protection applied to BioVU is described by Pulley et al. (2010)° The
program is under continuous oversight by the institutional review board (IRB) and was reviewed
in detail by the federal Office for Human Research Protections (OHRP). The BioVU DNA
Repository is housed within the Center for Human Genetics Research DNA Resources Core
(DNARC). Program planning for BioVU started in 2004, and sample accrual started in February
2007. Sample accrual is ongoing; there are over 126,676 DNA samples from adult clinic
patients.

Traits are constructed for BioVU using the Synthetic Derivative (SD) database. This database is
only accessible to Vanderbilt investigators and available by IRB approval. The SD database is a
research tool developed to enable studies with de-identified clinical data. The SD collection
includes information extracted from the EMR systems, and indexed by the same one-way
Research Unique Identifier (RUI) used to track samples. The SD contains 1.7 million total
records, with highly detailed longitudinal clinical data for approximately one million subjects.
The database incorporates data from multiple sources and includes diagnostic and procedure
codes (ICD 9 and CPT), basic demographics (age, gender, race), text from clinical care including
discharge summaries, nursing notes, progress notes, history and physical, problem lists and
multi-disciplinary assessments, laboratory values, echocardiogram (ECG) diagnoses, imaging
reports, clinical text and electronically derived trace values, and inpatient medication orders.

For this blood pressure (BP) study, we used adult (age > 21) African American BioVU
participants with GWAS data. We used the first non-Emergency Department measured BP in
the EMR, and excluded participants if there was a diagnosis of secondary hypertension (ICD-9
405), HIV infection (ICD-9 042), any cancer (ICD-9 140-239), end-stage renal disease (ICD-9
585.6), or heart failure (ICD-9 428) prior to, or on the date, of BP measurement. To define
hypertension cases, participants’ measured systolic BP (SBP) or diastolic BP (DBP) = 140mmHg
or 90 mmHg respectively, have a diagnosis of hypertension (ICD-9 401-404), or a prescription
for antihypertensive medication prior to, or on the date, of BP measurement (57.3% of eligible
participants). For hypertension controls, participants’ measured SBP and DBP < 125 mmHg and
80 mmHg, and no prior diagnoses of hypertension, or prescriptions for antihypertensive
medications.

Bogalusa Heart Study: The Bogalusa Heart Study is an epidemiologic survey of cardiovascular
disease risk factors from birth through mid-adulthood. Participants (n = 1,420, ~40% male,
~70% European ancestry, 18—38 years of age) were previously examined as children in this long-
term survey. Details of screening and examination procedures, followed in the Bogalusa Heart
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Study since its inception, are reported elsewhere . All data were collected after obtaining

informed consent.

The BP levels were measured from the right arm of the subjects, with the subjects in a sitting
position by two trained observers (three replicates each). The SBP and DBP were recorded at
the first and fifth Korotkoff phases, respectively, using a mercury sphygmomanometer. The
average of the six BP readings was used for this analysis.

Candidate Gene Association Resource (CARe): CARe samples were collected from five NHLBI-
funded cohort studies where GWAS African American samples were available.
(http://public.nhlbi.nih.gov/GeneticsGenomics/home/care.aspx).

Atherosclerosis Risk Communities Study (ARIC): The ARIC study is a population-based, biracial
prospective cohort study of cardiovascular disease and its risk factors sponsored by National
Heart, Lung and Blood Institute (NHLBI) **. ARIC included 15,792 European ancestry and African
American individuals aged 45-64 years at baseline (1987-89), chosen by probability sampling
from four US communities. Cohort members completed four clinic examinations, conducted
three years apart between 1987 and 1998. Follow-up for clinical events was annual. The current
analysis included only African American individuals with BP measures at baseline examination.
The IRB at each of the study sites approved the study protocols, and written informed consent
was obtained from all participants.

BP was measured using a standardized Hawksley random-zero mercury column
sphygmomanometer with participants in a sitting position after a resting period of 5 minutes.
The size of the cuff was chosen according to the arm circumference. Three sequential
recordings for SBP and DBP were obtained; the mean of the last two measurements was used
in this analysis, discarding the first reading. BP lowering medication use was recorded from the
medication history. Outliers (>4 SDs from the mean) with respect to the SBP and DBP
distribution were excluded from the analysis.

The Coronary Artery Risk Development in Young Adults (CARDIA) Study: The CARDIA study is a
population based, prospective cohort examining the development and determinants of clinical
and subclinical cardiovascular disease and its risk factors **. The CARDIA study initial enrollment
consisted of 5,115 European Americans and African American men and women between 18 and
30 years old (52% African American and 55% women). The study is multicenter with
recruitment in Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland, CA. The IRB at each
of the study sites approved the study protocols, and written informed consent was obtained
from all participants. Baseline measurements were repeated, and additional measurements
performed, at Years 2, 5, 7, 10, 15, and 20". The current analysis included data measured at
Year 15 (2000-2001) and only African American male and females.

Seated BP was measured on the right arm following 5 minutes rest using a random-zero
sphygmomanometer. SBP and DBP were recorded as Phase | and Phase V Korotkoff sounds.
Three measurements were taken at 1 minute intervals with the average of the second and third



measurements taken for the BP values. Hypertension was defined if SBP 2140 mmHg, DBP >90
mmHg, or reported use of antihypertensive medication.

The Cleveland Family Study (CFS): CFS participants consist of first or selected second-degree
relatives of a proband with either laboratory diagnosed obstructive sleep apnea or
neighborhood control of an affected proband. Families were selected for genotyping on the
basis of genetic informativness, including multigenerational data or individuals from the
extremes of the distribution of apnea phenotype'®. These families include 59 African-American
families with 176 individuals (100 females and 76 males) and 66 European-American families
with 262 individuals (120 females and 142 males) with genotype and phenotype information.
The IRB approved the study and written informed consent was obtained from all participants.

Participants had three supine BP measurements each performed after lying quietly for 10
minutes, before bed (10:00 P.M.) and upon awakening (7:00 A.M.), and another three sitting at
11 am, following standardized guidelines using a calibrated sphygmomanometer. Cuff size was
determined by the circumference of the upper arm and the appropriate bladder size from a
standard chart. BP phenotypes were determined from the average of the nine measurements.

Jackson Heart Study (JHS): JHS was initiated in 2000 to investigate prospectively the
epidemiology and determinants of cardiovascular disease in African Americans *. JHS recruited
5,302 participants after completion of data adjustment, representing more than 5% of African
Americans 35-84 years old living in the Jackson, Mississippi tri-county area. Of this number,
~30% were prior Jackson participants in the Atherosclerosis Risk in Communities Study. Of the
remaining, 23% were recruited by random selection from a commercial listing that represents
the overall tri-county population and an additional 23% volunteer sample, in which recruitment
was distributed among defined demographic cells in proportions designed to mirror those in
the overall population®®. Those who were overlapping ARIC participants and those with
previous Ml were excluded from the GWAS. The IRB approved the study protocol, and written
informed consent was obtained from all participants.

Seated BP was measured with a random-zero sphygmomanometer three times with the last
two measurements averaged.

The Multi-Ethnic Study of Atherosclerosis (MESA): The MESA is a multicenter prospective
cohort study initiated to study the development of subclinical cardiovascular disease. A total of
6,814 women and men between the age of 45 and 84 year were recruited for the first
examination between 2000 and 2002. Participants were recruited in six US cities (Baltimore,
MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA; Northern Manhattan, NY; and St.
Paul, MN). Those with a history of CVD (defined as physician-diagnosed myocardial infarction,
angina, heart failure, stroke, transientischemic attack or history of invasive procedure for CVD)
were excluded from participation. Thirty-eight % are of European ancestry, 28% African-
American, 22% Hispanic, and 12% Asian, predominantly of Chinese descent. This study was
approved by the IRB of each study site, and written informed consent was obtained from all



participants®’. This manuscript utilizes data from African-American MESA participants,
genotyped through the CARe project.

BP was measured three times at 1 minute intervals after a 5 minute initial rest using a Dinamap
PRO 100 automated oscillometric device (Critikon, Tampa, FL) with the subject in seated, and
the average of the second and third BP measurements was used in the analysis.

Cardiovascular Health Study (CHS): The CHS is a population-based cohort study of risk factors
for CHD and stroke in adults 265 years conducted across four field centers'®. The original
cohort, predominantly Americans of European Ancestry, comprised 5,201 persons who were
recruited in 1989-1990 from random samples of the Medicare eligibility lists. Additional 687
individuals, predominantly African-Americans, were enrolled subsequently for a total sample of
5,888. DNA was extracted from blood samples drawn on all participants at their baseline
examination in 1989-90 (original cohort) or 1992-93 (African American cohort). A sample of 823
African-Americans satisfying study design criteria, and with genome-wide association data,
were used for analysis.

Research staff with central training in BP measurement assessed repeated right-arm seated SBP
and DBP levels at baseline with a Hawksley random-zero sphygmomanometer. The reported BP
is the average of two measurements, which were taken after the participant had been sitting
quietly for five minutes. First the technician determined the correct cuff size by measuring the
arm circumference at the midpoint between the acromion and the olecranon. After applying
the appropriate cuff, the maximum inflation level was determined by inflating the cuff until the
radial pulse was no longer felt. The maximum inflation level was then determined to be the
pulse obliteration pressure plus 30 mmHg plus the maximum zero level of the instrument. BP
was measured by inflating the cuff to the maximum inflation level, waiting 5 seconds, then
lowering by 2-3 mmHg per second. The first and fifth Korotkoff sounds were recorded. At least
30 seconds elapsed between each cuff inflation. Medication use was collected by interview.
Information on prescription medication use in the previous two weeks was collected directly
from the medications. A computer program developed by CHS was used to match the
medication names with NDC numbers and then to group medications into analytic variables
(e.g. beta blockers, lipid-lowering medications)*®. Means of the repeated BP measurements
from the baseline examination were used for the analyses.

Genetic Study of Atherosclerosis Risk (GeneSTAR): GeneSTAR is a 27 year prospective family-
based study of incident CAD, diabetes, stroke, and other vascular diseases in initially healthy
African American and European American adult relatives of probands with angiographically
documented coronary disease prior to 60 years of age at the time of hospitalization for an
acute CAD event in any of 10 Baltimore area hospitals *°. The genotyped sample size is 3,200,
with ~35 % African American (n=1,132). Participants are siblings of the probands, offspring of
the siblings and probands, and coparents of the offspring. All participants were under 60 years
of age at the time of enrollment (from 1983 to 2006).

Demographic information, self-reported medical history, medication use, and smoking
information were obtained from a standardized interview®'. BP was measured using a standard
mercury sphygmomanometer, following the American Heart Association 2 and JNC guidelines



22 The mean of three resting BP readings, taken early morning, midday, and late afternoon
during the screening day was used to characterize BP measurements. Hypertension was defined
as the subject having a mean SBP of 2140 mmHg, a mean DBP of 290 mmHg, and/or currently
taking an antihypertensive medication.

The Genetic Epidemiology Network of Arteriopathy (GENOA): GENOA is one of four networks
in the Family Blood Pressure Program (FBPP) which recruited hypertensive African American
and non-Hispanic white sibships for linkage and family-based association studies to investigate
genetic contributions to BP in multiple racial groups 2% Recruitment (Exam 1, 1995-2000 and
Exam 2, 2000-2005) was population-based in two geographic locations: Jackson, Mississippi and
Rochester, Minnesota. African Americans were recruited solely at the Jackson field center.
Hypertensive probands were ascertained from the Jackson cohort of the ARIC study if they
were in a sibship with two individuals with essential hypertension (SBP =140 mmHg or DBP =90
mmHg on the second and third clinic visit), diagnosed prior to age 60, and consented to
participate. Index sib-pairs with possible secondary hypertension, including sib-pairs with
previously diagnosed kidney disease (defined by serum creatinine level > 2 mg/dL), were
excluded. After quality control procedures, and exclusion of all overlapping participants with
ARIC, genotype data from a total of 996 African Americans was available for this study.

SBP and DBPs were measured using an automated oscillometric BP measurement device with a
consistent protocol across the FBPP networks. BP was measured three times on each
participant by trained and certified technicians and then averaged for use in this analysis.

The Healthy Aging in Neighborhoods of Diversity across the Life Span study (HANDLS): The
Healthy Aging in Neighborhoods of Diversity across the Life Span study (HANDLS) is an
interdisciplinary, community-based, prospective longitudinal epidemiologic study examining
the influences of race and socioeconomic status (SES) on the development of age-related health
disparities among socioeconomically diverse African Americans and European ancestry
individuals in Baltimore, Maryland, USA ?>. The HANDLS design is an area probability sample of
Baltimore based on the 2000 Census. The study protocol facilitated our ability to recruit 3,722
participants from Baltimore. Among those who completed their examinations, there were no
age differences associated with sex and poverty status, but African Americans were negligibly
younger than individuals of European descent. The study is currently conducting wave three
designed as a re-examination wave of all participants seen between 2004-2009. This wave
began in July of 2009 and will conclude in 2012. Genotyping was focused on a subset of
participants self-reporting as African American was undertaken at the Laboratory of
Neurogenetics, National Institute on Aging, National Institutes of Health.

BP was measured using a non-invasively using the brachial artery auscultation method with an
aneroid manometer, a stethoscope, and an inflatable cuff in individuals resting for 5 minutes.
The average of right and left sitting BP values was taken to represent each of SBP and DBP,
respectively for analyses.



The Health, Aging and Body Composition (Health ABC) study: HealthABC is a prospective
cohort study of 3,075 community-dwelling men and women of African American and American
European ancestry living in Memphis, Tennessee, USA and Pittsburgh, Pennsylvania, USA, aged
70-79 years at recruitment in 1997 ?°. To identify potential participants, a random sample of
European ancestry and African American Medicare-eligible elders, within designated zip code
areas, were contacted. To be eligible, participants had to report no difficulty with activities of
daily living, walking a quarter of a mile, or climbing ten steps without resting. They also had to
be free of life-threatening cancer diagnoses and have no plans to move out of the study area
for at least three years. The sample was approximately balanced for sex (51% women) and 42%
of participants were African American. Participants self-designated race/ethnicity from a fixed
set of options (Asian/Pacific Islander, black/African American, white/Caucasian,
Latino/Hispanic, do not know, other). The study was designed to have sufficient numbers of
African Americans to allow separate estimates of the relationship of body composition to
functional decline. All eligible participants signed a written informed consent, approved by the
IRBs at the clinical sites. This study was approved by the IRBs of the clinical sites and the
coordinating center (University of California, San Francisco).

The baseline clinic visit included a drug inventory to assess pharmacological treatment,
evaluation of body composition using dual energy x-ray absorptiometry (DEXA), BP
measurements, electrocardiogram, physical performance tests, and strength measures. BP was
calculated as the average of two seated measurements.

The Hypertension Genetic Epidemiology Network (HyperGEN): HyperGEN is a multicenter
family-based study to research the genetic causes of hypertension and related conditions ’.
HyperGEN recruited African American and Caucasian participants at five field centers, with
recruitment based largely on ongoing population-based studies. Study participants were
recruited as one of three main types of subjects: 1) as part of a hypertensive sibship with at
least two siblings diagnosed with hypertension; 2) random subjects, who were age-matched
with hypertensive sibs; or 3) unmedicated adult offspring of one or more of the hypertensive
siblings. Subjects were brought into the clinic for a one day exam, and data were collected from
guestionnaires, a physical exam, and blood and urine samples. This study obtained informed
consent from participants and approval from the appropriate IRBs.

SBP and DBPs were measured using an automated oscillometric BP measurement device with a
consistent protocol across the FBPP networks. BP was measured three times on each
participant by trained and certified technicians and then averaged for use in this analysis.

Loyola-Maywood study: Participants were self-identified African Americans from a working
class suburb of Chicago, lllinois, USA who were enrolled in studies of BP at the Loyola University
Medical Center in Maywood, Illinois, USA as part of the International Collaborative Study on
Hypertension in Blacks (ICSHIB) which is described in detail elsewhere 28, Briefly, nuclear
families were identified through middle-aged probands who were not ascertained based on any
phenotype. Thereafter all available first-degree relatives 18 years old and above were enrolled
into the study cohort of families. A screening exam was completed by trained and certified



research staff using a standardized protocol®® %°. Information was obtained on medical history,

age, body weight and height. Protocols were reviewed and approved by the IRB at the Loyola
University Chicago Stritch School of Medicine prior to recruitment activities. This present study
included unrelated adults sampled and for whom information on anthropometrics, BP and use
of antihypertensive medication was available.

BP measurements were obtained using an oscillometric device, previously evaluated in our field
settings 2 Three measurements were taken three minutes apart and the average of the final
two was used in the analysis. Individuals with SBP 2140 mmHg, DBP 290 mmHg or on anti-
hypertensive medication at time of exam were defined as hypertensive. Participants with
hypertension were offered treatment after detection at the screening exam.

Loyola-Nigeria study: The sampling frame for the Nigeria cohort was also provided by the
(International Collaborative Study on Hypertension in Blacks) ICSHIB. Study participants were
recruited from Igbo-Ora and Ibadan in southwest Nigeria as part of a long-term study on the
environmental and genetic factors underlying hypertension *°. The base cohort consists of over
15,000 participants with information available on anthropometrics, BP and use of
antihypertensive medication. BP measurements followed the same protocol described in the
Loyola-Maywood study. This present study included unrelated adults samples from the cohort
and some hypertensive participants who were recruited as controls in the Africa-America
Diabetes Mellitus (AADM) Study recruited from lbadan in similar neighborhoods. Both projects
were reviewed and approved by the sponsoring US institutions (Loyola University Chicago and
Howard University) and the University of Ibadan. All participants signed informed consent
administered in either English or Yoruba. Protocols for BP measurement are described under
the Loyola-Maywood study.

Mount Sinai IPM Biobank Program: The Charles Bronfman Institute for Personalized Medicine
(IPM) Biobank Program is a consented, Electronic Medical Record (EMR)-linked medical care
setting biorepository of the Mount Sinai Medical Center (MSMC), drawing from a population of
over 70,000 inpatients and 800,000 outpatient visits annually. The study design is described in
detail elsewhere *'. MSMC serves the diverse local communities of upper Manhattan, including
Central Harlem (86% African American), East Harlem (88% Hispanic Latino), and Upper East Side
(88% Americans of European ancestry) with broad health disparities. IPM Biobank populations
include 28% African American, 38% Hispanic Latino predominantly of Caribbean origin, 23% of
European ancestry. IPM Biobank disease burden is reflective of health disparities with broad
public health impact. Since 2007, over 21,000 Mount Sinai patients have enrolled in the IPM
Biobank program. Biobank operations are fully integrated in clinical care processes, including
direct recruitment from clinical sites waiting areas and phlebotomy stations by dedicated
Biobank recruiters independent of clinical care providers, prior to or following a clinician
standard of care visit. Recruitment currently occurs at a broad spectrum of over 30 clinical care
sites. This present study included only unrelated, adult, self-reported African Americans.

Information on anthropometrics, demographics, BP and use of antihypertensive medication
was derived from participants EMR. The Mount Sinai Biobank Project (IRB # 07-0529 0001 02



ME) operates under an IRB-approved research protocol with IRB-approved informed consent
forms. All study participants provided written informed consent. The Mount Sinai IPM Biobank
Program is supported by The Andrea and Charles Bronfman Philanthropies.

SIGNET/ Reasons for Geographic and Racial Differences in Stroke (REGARDS): The Reasons for
Geographic and Racial Differences in Stroke (REGARDS) Study is a national, population-based,
longitudinal study of ~30,000 adult individuals of African American or European descent.
Participants were randomly sampled with recruitment by mail then telephone. Individuals aged
45 years old and older were eligible for inclusion in the REGARDS cohort, for which enroliment
began in February 2003. Exclusion criteria for REGARDS participation included active treatment
for cancer; any serious medical condition which would prevent long-term participation;
cognitive impairment as judged by the interviewer; living in a nursing home or on the waiting
list for a nursing home; and a language barrier (speaks other than English). Samples from 2,398
SIGNET individuals with measures of BP and with GWAS data respectively were available for
this study.

SBP and DBP were defined as the average of two measurements taken by a trained technician
using a standard protocol and regularly tested aneroid sphygmomanometer (American
Diagnostic Corporation, Hauppauge, NY), measured after the participant was seated for 5
minutes . Briefly, BPs measurements were taken in the left arm (when possible) and a large
size cuff was used if the arm circumference was greater than 13 inches. Both the cuff bladder
width and pulse obliteration level were recorded. The cuff was inflated to 20 mmHg above the
pulse obliteration level and slowly deflated (~ 2 mmHg/second) to obtain the BPs. This process
was repeated to obtain the second BP on the same arm.

Women'’s Health Initiative SNP Health Association Resource (WHI-SHARe): Women's Health
Initiative (WHI) is a long-term national health study that focuses on strategies for preventing
common diseases such as heart disease, cancer and fracture in postmenopausal women. A
total of 161,838 women aged 50-79 years old were recruited from 40 clinical centers in the US
between 1993 and 1998. WHI consists of an observational study, two clinical trials of
postmenopausal hormone therapy (estrogen alone or estrogen plus progestin), a calcium and
vitamin D supplement trial, and a dietary modification trial 3, Study recruitment and exclusion
criteria have been described previously 3, Study protocols and consent forms were approved
by the IRB at all participating institutions. Medical history was updated annually (for women in
the observational study) or semiannually (for women in the clinical trials) by mail and/or
telephone questionnaires.

BP was measured by certified staff using standardized procedures and instruments **. Two BP
measures were recorded after 5 minutes rest using a mercury sphygmomanometer.
Appropriate cuff bladder size was determined at each visit based on arm circumference.
Diastolic BP was taken from the phase V Korotkoff measures. The average of the two
measurements, obtained 30 seconds apart, was used in analyses. Women were asked to bring
all of their current prescription and over-the-counter medications to each visit. The WHI SNP
Health Association Resource (SHARe) minority cohort includes 8,515 self-identified African
American women from WHI who provided written informed consent for study participation and



DNA analysis. Demographic data, medical history and anthropometric measures were obtained
at a baseline clinical visit.

The Howard University Family Study (HUFS): is a population-based family study of African
Americans in the Washington DC metropolitan area *. Investigators enrolled a randomly
recruited set of families in addition to a set of unrelated individuals to study genetic and
environmental factors of common complex diseases including hypertension. The IRB approved
the study protocol, and writteninformed consent was obtained from all participants. A total of
1,016 individuals were included in this analysis.

BP was measured in the sitting position using an oscillometric device (Omron). Three BP
readings were taken with a 10 minute interval between readings. The reported SBP and DBP
readings were the average of the second and third readings.

Replication African ancestry studies

Ghana study:

Participants, of homogeneous Gahanna ancestry were enrolled into the Ghana study between
May 2002 and October 2003 through community recruitment in Sunyani, Ghana. Exclusion
criteria were age less than 18, prior enrollment of a first or second degree relative, and any
acute illness such as malaria that might affect levels of tissue-type plasminogen activator (t-PA)
or plasminogen activator inhibitor-1 (PAI-1). Participants were examined at the Regional
Hospital, Sunyani after a 10-hour fast. All participants provided written informed consent or
fingerprint consent, and all forms were approved by the IRBs at Vanderbilt University and
Regional Hospital, Sunyani. All participants provided medical history and standard demographic
data including age, sex, education, smoking status, alcohol consumption, current medications,
cardiovascular disease, diabetes, and cancers. Height, weight and BP were measured. Three
tubes of blood were taken from each participant, stored in liquid nitrogen, and shipped to VU.
Genotyping for this project was conducted using the Sequenom genotyping system at the
Vanderbilt DNA Resources Core. A total of seven candidate SNPs were genotyped and analyzed
according to the analytic protocol for the discovery GWAS analysis, with the exception that
principal components summarizing ancestry were not adjusted for due to the fact that these
participants are not admixed. Concordance rates among candidate SNP genotypes for duplicate
QC samples from the HapMap were all 100%.

BPs measurements were measured using an Omron HEM-705c instrument (Omron Healthcare
Corp., Bannockburn, Ill., USA). Participants were seated in a quiet room and two measures of
BP were taken from the left arm. The average of the two measures was used in the analysis. All
BP measures were taken prior to blood draws.

Family Blood Pressure Program-AXIOM. These 872 African-American subjects were included
from the HyperGEN and GENOA studies but whom were not genotyped with conventional
GWAS platforms. The sample schemes are the same as HyperGEN and GENOA. For BP measures
see HyperGEN and GENOA descriptions. These African-Americans were genotyped using
Affymetrix Axiom chips, which include 808,558 SNPs. SNPs were called using Affymetrix
Genotyping Console (GTC) by analyzing CEL files from Affymetrix AXIOM arrays
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(www.affymetrix.com). Samples with Dish QC(DQC)<=0.82 were excluded. Samples with call
Rate <=0.97 were also dropped. Imputation was performed using MaCH 1.0.17 with parameter
“--round 50 —greedy”. Reference haplotypes were downloaded from
(http://www.sph.umich.edu/csg/abecasis/MACH/download/HapMap-r21.html, with ratio of
CEU and YRI 1:1). All the replication SNPs have Rsq>0.76.

The Health and Retirement Study (HRS): The HRS is a longitudinal survey of a representative
sample of Americans over age 50 sponsored by the National Institute on Aging (NIA) and
conducted by the University of Michigan’s Institute for Social Research. The sample for this
analysis includes 1,337 African Americans (N=483 males, 36.1%) interviewed in 2006 or 2008
with BP measured using a Omron HEM-780 Intellisense. Automated BP monitor with ComFit
cuff. Participants that had missing values for both SBP and DBP, had missing values for
covariates, and one individual that was > 5 SDs from the mean of BMI were excluded. Mean SBP
and DBP from three measures, adjusted for anti-hypertensive medication use (+10 mmHg for
SBP, +5 mmHg for DBP) were used as the final quantitative outcome variables. Hypertension
was defined as having a mean SBP 2140 mmHg, a mean DBP>90 mmHg, or self-reported
hypertension medication use. Mean SBP was 143.96 mmHg, mean DBP was 85.53 mmHg, and
1073 (80.25%) participants had hypertension. Genotyping was performed by the Center for
Inherited Disease Research (CIDR) using lllumina's Human Omni2.5-Quad BeadChip
methodology. Genotyping quality control was performed by the Genetics Coordinating Center,
Department of Biostatistics, University of Washington, Seattle.

Mt Sinai IPM Biobank Program: The Institute for Personalized Medicine (IPM) Biobank Program
is a consented, Electronic Medical Record (EMR)-linked medical care setting biorepository of
the Mount Sinai Medical Center (MSMC), drawing from a population of over 70,000 inpatients
and 800,000 outpatient visits annually. MSMC serves the diverse local communities of upper
Manhattan, including Central Harlem (86% African American), East Harlem (88% Hispanic
Latino), and Upper East Side (88% Caucasian/white) with broad health disparities. IPM Biobank
populations include 28% African American, 38% Hispanic Latino predominantly of Caribbean
origin, 23% Caucasian/White. IPM Biobank disease burden is reflective of health disparities with
broad public health impact. Since 2007, over 23,000 Mount Sinai patients have enrolled in the
IPM Biobank program. Biobank operations are fully integrated in clinical care processes,
including direct recruitment from clinical sites waiting areas and phlebotomy stations by
dedicated Biobank recruiters independent of clinical care providers, prior to or following a
clinician standard of care visit. Recruitment currently occurs at a broad spectrum of over 30
clinical care sites. This present study included only unrelated, adult, self-reported African
Americans. For the discovery analysis, participants genotyped on Affymerix 6.0 in 2010 were
included. For the replication analysis, participants genotyped on Illumina OmniExpress in 2012
were included. Information on anthropometrics, demographics, blood pressure and use of
antihypertensive medication was derived from participants EMR. The Mount Sinai Biobank
Project (IRB # 07-0529 0001 02 ME) operates under an IRB-approved research protocol with
IRB-approved informed consent forms. All study participants provided written informed
consent. The Mount Sinai IPM Biobank Program is supported by The Andrea and Charles
Bronfman Philanthropies.
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The Seychelles TANDEM study: The TANDEM study is a family-based study conducted in the
Republic of Seychelles between 1999 and 2002. The Seychelles islands are located in the Indian
Ocean, approximately 2000 km east to Kenya; the majority of the population is of African
descent. The study was approved by the ethical committee in Seychelles and at the University
of Lausanne, Switzerland and participants provided written informed consent, including for
genetic analyses. Methods and main findings have been published in a number of publications.
Families were selected from a national hypertension register if the family was from
predominantly African descent and one could identify >2 full siblings with hypertension
(2140/90 mm Hg, average of 3 office measures or on current antihypertensive treatment) and
>2 other first-degree relatives (full siblings or parents) with or without hypertension 3637
Seventy-six of the 135 screened families were found to be eligible. Only persons aged 18 years
or older have been included. Three BP measurements were taken at the study center in the
morning between 7:00 and 10:30 AM, for participants who had been sitting quietly for at least
10 minutes, by trained health professionals, using a standard mercury sphygmomanometer
with a triple-bladder cuff (Tricuff) that automatically adjusts bladder width to arm
circumference.

The Seychelles Heart Study Ill (2004): The Seychelles Heart Study Il is a population-based
survey conducted in 2004 under the auspices of the Ministry of Health of the Republic of
Seychelles. The Seychelles islands are located in the Indian Ocean, approximately 2000 km east
to Kenya; the majority of the population is of African descent. The survey was approved by the
Ministry of Health after technical and ethical reviews. Participants were free to participate and
gave written informed consent. Survey methods have been described elsewhere *and findings
published in over 20 publications. The sampling frame consisted of a sex and age stratified
random sample of the entire population aged 25-64 years, using computerized data of a
national population census in 2002 thereafter updated by civil status authorities. The survey
was attended by 1255 individuals, corresponding to a participation rate of 81% *°. BP was
measured 3 times, at a survey center, in the morning, at intervals of more than 2 minutes, after
a participant had been seated for at least 15 minutes, by trained nurses, using a mercury
sphygmomanometer and a cuff that automatically adapts width to the arm circumference
(Tricuff). BP was based on the average of the last two of three readings.

Genotyping for both TANDEM and Heart Study Il samples from the Seychelles was performed
on an lllumina iSelect platform (CardioMetaboChip -
http://www.sph.umich.edu/csg/kang/MetaboChip) according to standard protocols. Data was
cleaned using completeness parameters per individual and per SNP, principal components
calculated in the presence of HapMap genotypes, sex mismatch, cryptic family relationships,
Mendelian error, and similar parameters as appropriate.

Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin
(JUPITER). The study population was derived from JUPITER, an international, randomized,
placebo-controlled trial of rosuvastatin (20mg/day) in the primary prevention of cardiovascular
disease conducted among apparently healthy men 50 year or older and women 60 years or
older with LDL-C < 130 mg/dL and hsCRP > 2 mg/L *°. Blood pressure measures were made by a
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healthcare professional at baseline. Approximately 70% of JUPITER participants provided blood
for DNA extraction at baseline and consent for genetic analysis, among whom approximate
13.7% were self-reported blacks from South Africa. A single BP measure was obtained at time
of enrollment.

Genotyping was performed using the Omni 1M Quad platform (lllumina, San Diego). Briefly,
raw genotype intensity data were reduced to genotype calls using the lllumina Genome Studio
(v. 1.6.2) software (lllumina, San Diego)**. SNP clusters were initially defined automatically
using data from the JUPITER sample. SNPs with poor automatically defined clusters, ~1%, were
visually inspected, and annotated, removed, or clustered again with manual intervention. After
these procedures, 99.71% of the loci yielded successful genotype information. All samples had
successful genotyping for >98.5% of the final SNPs. Identity-by-state clustering in PLINK *?
applied to 1,435 JUPITER ancestry informative SNPs confirmed of a cluster of JUPITER
participants who were strongly correlated with self-reported South African ancestry. In total,
over 97.4% or 1,688 of the South African black JUPITER participants with consent for genetic
analysis remained after successful genotyping and exclusions requiring that no pair of
individuals was related more closely than second degree using identity-by-descent clustering
procedures in PLINK. EIGENSTRAT 3 was applied on the South African black population to
compute covariates for population sub-structure to adjust for potential confounding in
association analysis. Analyses followed the standard protocol and included adjustments for
age, sex, BMI and markers for population stratification

Multi-ethnic samples
ICBP European samples

Summary P-values results for ICBP European ancestry were obtained from
www.igm.jhmi.edu/~gehret/icbp32413ahsfd134/icbp_088023401234-9812599.html.

East Asian samples: AGEN

The Asian Genetic Epidemiology Network (AGEN) is a consortium of genetic epidemiology
studies of cardiovascular disease related phenotypes, including BP, diabetes, and obesity,
conducted among Asian populations. AGEN-BP consists of 19,608 East Asian participants who
underwent standardized collection of BP measurements in eight population-and family-based
GWAS, including: the Cardio-metabolic Genome Epidemiology (CAGE) Network, Genetic
Epidemiology Network of Salt-Sensitivity (GenSalt), Korean Association Resource (KARE)
Project, Shanghai Hypertension Study, Singapore Malay Eye Survey (SiIMES), Singapore
Prospective Study (SP2) Program, Suita Study, and Taiwan Super Control Study. Each study
established a consensus on phenotype harmonization and analytical plan for within-study
GWAS and meta-analysis of results across studies. Each study received an approval from the IRB
and all participants in each study provided written informed consent for participation in the
study. Our study utilized results from selected SNPs from Stage 1, which was a meta-analysis of
directly genotyped and imputed SNPs from individuals of East Asian descent, drawn from the
population-based or control samples in case-control studies in AGEN-BP, described above. The
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BP measures and quality control (QC) criteria for genetic data have been previously described
by He et al. **. All BP measures were taken at least two times, and the average of measures was
used for analysis.

Briefly, studies each performed genotyping QC separately, and removed participants that had
missing data between 2% and 10%, SNPs with missing data between 5% and 2%, HWE P-values
between 1 x 10* and 1 x 10®, and SSNP with MAF < 1%. Ungenotyped SNPs were imputed to
phased haplotypes from the International HapMap Consortium CHB (Chinese from Beijing) and
JPT (Japanese from Tokyo) reference data using MACH, IMPUTE, or BEAGLE. Association
between SNPs and measured quantitative BP traits was assessed with linear regression with
adjustment for age, agez, sex, BMI, and any study-specific covariates within each study. All
within-study genomic control lambdas (A) for tests of association with BP outcomes were
between 1 and 1.05. Evidence across studies for associations between SNPs and BP was
evaluated by inverse-variance weighted fixed-effects meta-analysis using METAL.
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Figure S1. Genome-wide association Manhattan plots and Q-Q plots of SBP, DBP and HTN in the

Continental Origins and Genetic Epidemiology Network (COGENT). GWAS Manhattan and Q-Q plots are
illustrated for SBP, DBP and hypertension (HTN) in COGENT.
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Figure S2. Regional plot of —log10(P-value) of NT5C2 and SBP. The LD is based on YRI 1000G
data. rs11191555 is the most significant SNP in this locus in COGENT AA data.

20

(Q/ND) 8181 UONB UG 008



rs1716642 ( YRI )

(Q/ND) 8181 UONB UG 008

a e
- rs1716642
6 & P-7574e-07
m oy "
a B g
g O
b m m
B 47 ..l ] o 7l
% o a "o o e
= o
o i ﬁ'ﬂé =
o & ualg g - w e ga o
2 o o o ﬂ g O
o ob =
o g REll 0 . fe i o
H#!ﬁj B Ge £ = rﬁﬁ%‘h ; é‘ o
i 0 o o of
| g ;H?‘JI ||lJ :Il_-;I_JIIEJ”ull' E]:I o I'r?'uL‘E.] g " ?EI Hl % n DI_IJ ﬁw b |rn|_|1|_||
& R
R - = T EoT N o e i T =T 188, o, ﬂ.nn |]D 1 %
Ulia T
| T |
41600 41900 42200

Chromosome 3 position (hg18) (kb)

Figure S3. Regional plot of —log10(P-value) of ULK4 and DBP. The LD is based on YRI 1000G

data. rs1716642 is the most significant SNP in this locus in COGENT AA data.
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Figure S4. Regional plot of —log10(P-value) of ATP2B1 and HTN. The LD is based on YRI 1000G
data. rs2681492 is the most significant SNP in this locus in COGENT AA data.
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Figure S6. A. Canonical pathways and associated p -values identified by ingenuity pathway analysis (IPA).
The yellow horizontal line is the threshold for P =0.05 with the names of the imputed genes shaded in
red. B. Network constructed using the identified genes in GWAS by IPA. CTNNB1 has the most
connections in the network. Multiple genes including SOX6, EVX1, HOXA family genes and CACNA1D are
present in this network.
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Figure S9.

(A) Map of allele frequencies from the Human Genome Diversity Project (HGDP) for the non-
synonymous SNP rs2301721 in HOXA7;



(B) Map of allele frequencies from the HGDP for rs983186 near EVX1.
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Figure S10. XP-EHH Scores for the EVX1/HOXA region for HapMap and African Ancestry samples.
Signatures of recent positive selection across the EVX1/HOXA region in HapMap Phase Ill Yoruba (YRI)
and European CEPH (CEU), and BioVU African Americans (AA) using the cross-population extended
haplotype homozygosity statistic (XP-EHH).
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negative values near the HOX gene cluster supporting recent positive selection at this locus.

30



10 3-\% o L
o ! Y/ e
oM\
-20 \\MW ,l"/ \"u —YRI
-30 / —CEU
40
50
.60

> & N NI I I I 3 0%

3 & 2 2 R 8 k2 8 3
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Table S1. Genome-wide Genotyping and Imputation Information by Study

Genotyping calling Imputati Imputation HapMap Imputation NCBI

Study Genotyping Platform Genotype filter

algorithm on reference version
. . IMPUTE

BioVu lllumina Human 1M-DuoV3 array lllumina BeadStudio No palindromic SNPs, Call rate < 95%, MAF < 0.01, .
HWE p < 0.0000001, v2.1.2 YRI/CEU 1:1 ratio b36
ARICT Affymetrix GeneChip SNP Array 6.0 BirdSeed Call rates<95%, mapped to more than one locus MACH YRI/CEU 1:1 ratio b36
CARDIAT Affymetrix GeneChip SNP Array 6.0 BirdSeed Call rates<90%, mapped to more than one locus MACH YRI/CEU 1:1 ratio b36

. . Call rates<90%, mapped to more than one locus,

+ .
CFS Affymetrix GeneChip SNP Array 6.0 BirdSeed Mendelian inconsistence MACH YR|/CEU 1:1 ratio b36
JHSt Affymetrix GeneChip SNP Array 6.0 BirdSeed Call rates<90%, mapped to more than one locus MACH YRI/CEU 1:1 ratio b36
MESAT Affymetrix GeneChip SNP Array 6.0 BirdSeed Call rates<90%, mapped to more than one locus MACH YRI/CEU 1:1 ratio b36

Imputation in 2 phases:
HapMap Il from ASW,
YRI & CEU & HapMap Il
CHS using CEU & YRI, &
resulting 3 sets merged

Illumina Call rate < 97%, HWE P < 10-5, > 1 duplicate error BEAGLE ) . .
Illumina HumanOmnil-Quad_v1 GenomeStudio or Mendelian inconsistency (for reference CEPH (final imputed data:
BeadChip system software trios), heterozygote frequency = 0 v3.2.1 2,770,583 SNPs). b36
HapMap2_r21 b
GeneSTAR Ilumina Human 1Mv1_c Array i P Po_ -
BeadStudio Call rates <90% MACH YRI/CEU 1:1 ratio 36
GENOA Affymetrix GeneChip SNP Array 6.0 & BirdSeed and . HapMapZ_rZ Z—b
lllumina 1M array Beadstudio Call rates < 95% MACH YR|/CEU 1:1 ratio 36
lllumina . ] . HapMap2_r22_b
HANDLS — GenomeStudio Call rates<95%, mapped to more than one locus MACH YRI/CEU 1:1 ratio 36
i . HapMap2_r22_b
HealthABC Genotyping Platform 1M Illumina gIZrT)I;ZStudio MACH YR|/CEU 1:1 ratio P Pe_fec
Call rates < 97% 37
HapMap2_r22_b
HyperGEN Affymetrix GeneChip SNP Array 6.0 i P Ps_ -
BirdSeed Call rates < 95% MACH YRI/CEU 1:1 ratio 36
X HapMap2_r22_b
May\lNood Affymetrix GeneChip SNP Array 6.0 i P Ps_ -
Loyola BirdSeed Call rates < 95% MACH YRI/CEU 1:1 ratio 36
- HapMap2_r22_ b
L/!aywood Affymetrix GeneChip SNP Array 6.0 P Ps_ -
'geria BirdSeed Call rates < 95% MACH YRI 36
o HapMap2_r22_ b
MtdSmal Affymetrix GeneChip SNP Array 6.0 P Ps_ -
study BirdSeed Call rates < 95% MACH CEU/YRI/JPT/CHB 36
HapMap2_r22_b
WHI-SHARe  Affymetrix GeneChip SNP Array 6.0 Birdseed v2 X P Pe_ -
Call rates < 95% MACH YRI/CEU 1:1 ratio 37
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Combined HapMap
phase I+l YRI/CEU,

‘ ) ) 2 rounds of
HUFS Affymetrix GeneChip SNP Array 6.0 BirdSeed v2 i K
imputation, YRI then
CEU, followed by HapMap2+3 r28
Call rates < 95%, MAF<0.01, HWE 21.0x10-3 MACH merge __b36
Illumina BeadStudi
Bogalusa Illumina Human 610 + lllumina CVD umina Beadstudio . HapMapZ_rZZ_b
BeadChip Call rates <90% MACH YRI/CEU 1:1 ratio 36
. ) HapMap2_r22_b
SIGNET Affymetrix GeneChip SNP Array 6.0 X
BirdSeed v1.33 Call rates < 95% MACH YRI/CEU 1:1 ratio 36

t Members of the NHLBI Candidate gene Association Resource (CARe).

Genome-wide genotyping and imputation information by study within the Continental Origins and Genetic Epidemiology Network (COGENT).
Abbreviations: Biological bank of Vanderbilt University (BioVU); Atherosclerosis Risk In Communities (ARIC); Coronary Artery Risk
Development in Young Adults (CARDIA); Cleveland Family Study (CFS); Jackson Heart Study (JHS); Multi-Ethnic Study of Atherosclerosis
(MESA); Cardiovascular Health Study (CHS); Genetic Study of Atherosclerosis Risk (GeneSTAR); Genetic Epidemiology Network of
Arteriopathy (GENOA); The Healthy Aging in Neighborhoods of Diversity Across the Life Span Study (HANDLS); Health, Aging, and Body
Composition (Health ABC) Study; The Hypertension Genetic Epidemiology Network (HyperGEN); Mount Sinai, New York City, USA study (Mt
Sinai Study); Women's Health Initiative SNP Health Association Resource (WHI-SHARe); Howard University Family Study (HUFS); Bogalusa
Heart Study (BHS); Sea Islands Genetic NETwork (SIGNET). MAF, minor allele frequency; HWE, Hardy Weinberg Equilibrium; SNP, single
nucleotide polymorphism.
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Table S2. Lambda (A)values for the COGENT discovery genome-wide association studies.

Study Number Lambda HTN Lambda SBP Lambda DBP
BioVu 941 1.011 0.993 0.978
CARe-ARIC 2,511 1.033 1.027 1.023
CARe-CARDIA 833 1.051 1.003 0.999
CARe-CFS 489 1.048 1.038 1.044
CARe-JHS 2,017 1.022 1.025 1.04
CARe-MESA 1,623 1.004 0.998 1.025
CHS 815 1.025 1.027 1.023
GeneSTAR 1,132 1.052 1.02 1.011
GENOA 996 1.102 1.012 1.007
HANDLS 950 1.013 0.992 0.988
HealthABC 1,139 1.008 0.996 0.996
HyperGEN 1,252 1.058 1.016 1.018
Maywood-Loyola 743 1.031 1.008 1.001
Mt Sinai study 873 1.032 0.966 0.966
Nigeria-Loyola 1,188 1.118 1.107 1.091
WHI-SHARe 8,094 1.020 1.011 1.011
HUFS 1,017 1.031 1.041 1.056
Bogalusa 368 1.018 1.011 1.011
SIGNET-REGARDS 2,394 0.996 1.013 1.013
total 29,375

Abbreviations: Biological bank of Vanderbilt University (BioVU); Atherosclerosis Risk In Communities (ARIC); Coronary Artery Risk
Development in Young Adults (CARDIA); Cleveland Family Study (CFS); Jackson Heart Study (JHS); Multi-Ethnic Study of Atherosclerosis
(MESA); Cardiovascular Health Study (CHS); Genetic Study of Atherosclerosis Risk (GeneSTAR); Genetic Epidemiology Network of
Arteriopathy (GENOA); The Healthy Aging in Neighborhoods of Diversity Across the Life Span Study (HANDLS); Health, Aging, and Body
Composition (Health ABC) Study; The Hypertension Genetic Epidemiology Network (HyperGEN); Mount Sinai, New York City, USA study (Mt
Sinai Study); Women's Health Initiative SNP Health Association Resource (WHI-SHARe); Howard University Family Study (HUFS); Bogalusa
Heart Study (BHS); Sea Islands Genetic NETwork (SIGNET).
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Table S3. SNPs with P<1.0 x 10-5 in COGENT for Systolic Blood Pressure, Diastolic Blood Pressure or Hypertension.

DBP SBP Hypertension HapMap YRI HapMap CEU
Coded
allele
Ch  Position Coded Other frequenc Het Het Het Gene

SNPID r (build 36) allele allele y beta SE P PVal N beta SE P PVal N beta SE P PVal N nearby GeneVariant | MAF MAF MAF MAF

rs2745282 1 11552817 t g 0.22 0.36 0.11 1.69E-03 6.55E-03 29090.9 0.64 0.19 9.22E-04 6.87E-01 29091.9 0.10 0.05 4.33E-02 6.87E-01 10860.9 | N/A INTERGENIC T 0.03 G 0.28
11284408

rs351361 1 1t c 0.20 | -0.45 0.14 1.84E-03 4.55E-01 279409 -1.11 0.24 4.60E-06 8.72E-01 279419 | -0.07 0.03 1.75E-02 5.13E-01 27454.9 | WNT2B INTRONIC T 0.14 T 0.19
16561530

rs7522390 1 9 a g 0.27 0.25 0.10 1.65E-02 1.55E-01 28906 0.88 0.17 4.41E-07 1.68E-01 28907 0.08 0.04 7.70E-02 2.41E-01 8765 | POU2F1 INTRONIC A 0.29 A 0.27
24571776

rs10925060 1 3t c 0.16 035 0.13 7.13E-03 5.77E-01 28940 049 0.22 2.26E-02 5.00E-01 28941 0.10 0.03 6.91E-04 4.31E-01 27184 | N/A UPSTREAM T 0.22 T 0.04

rs13405738 2 1929865 t C 0.85| -0.28 0.14 4.71E-02 2.57E-01 29294 | -1.05 0.23 5.94E-06 7.16E-01 29295 | -0.13 0.03 7.69E-05 3.29E-01 27170 | MYTIL INTRONIC C 0.12 C 0.16

rs17570579 2 50955087 t c 0.07 0.85 0.19 8.07E-06 3.79E-01 29321 1.02 032 1.28E-03 4.07E-01 29322 0.09 0.04 4.35E-02 6.74E-01 27564 | NRXN1 INTRONIC T 0.01 T 0.22
15660279

rs1534260 2 0t C 0.36 | -0.44 0.10 4.02E-06 1.62E-03 29303.7 | -0.49 0.16 2.32E-03 1.30E-03 29304.7 | -0.08 0.04 2.72E-02 2.77E-01 11401.7 | N/A INTERGENIC T 0.40 T 0.09

rs234790 3 7055901 ¢ g 0.18 | -0.41 0.13 1.78E-03 8.64E-01 290659 | -0.96 0.22 1.26E-05 8.71E-01 29066.9 | -0.02 0.04 6.55E-01 1.11E-01 13990.9 | GRM7 INTRONIC C 0.07 C 0.40

rs1449292 3 29906889 a g 0.64 0.22 0.10 2.53E-02 3.50E-02 28948 049 0.16 2.46E-03 3.52E-02 28949 0.04 0.03 1.88E-01 1.19E-03 16865 | RBMS3 INTRONIC G 0.31 A 0.44

rs6802072 3 41002684 t c 045 | -0.42 0.09 6.17E-06 4.26E-01 29272.8| -0.43 0.16 6.17E-03 6.68E-01 29273.8 0.00 0.04 9.81E-01 2.29E-01 11035.8 | N/A INTERGENIC T 0.34 C 0.07

rs1717027 3 41962924 t C 0.64 049 0.10 5.07E-07 2.51E-01 29321.9 0.18 0.16 2.64E-01 5.04E-01 293229 0.05 0.02 1.15E-02 4.36E-02 29462.9 | ULK4 INTRONIC C 0.30 T 0.22

CACNA1

rs10049492 3 53571572 a g 0.74 0.58 0.12 1.78E-06 5.07E-01 27878.9 0.86 0.20 1.74E-05 9.94E-02 27879.9 0.14 0.03 4.88E-07 1.40E-01 26184.8 (D INTRONIC G 0.08 G 0.45
11213208

rs7655423 4 4 t C 0.51| -0.15 0.09 1.19E-01 2.98E-01 28955 | -0.69 0.16 9.94E-06 4.62E-01 28956 | -0.05 0.02 1.06E-02 9.87E-01 27175 | N/A INTERGENIC T 0.40 C 0.03
11715352

rs7676999 4 8 t c 0.10| -090 0.20 4.62E-06 8.18E-01 28933.7 | -1.33 0.33 548E-05 6.14E-01 28934.7 | -0.15 0.04 9.20E-04 7.17E-01 26173.7 | N/A INTERGENIC T 0.03 T 0.26
14822511

rs4383597 4 0 a g 0.51| -0.30 0.09 9.89E-04 7.23E-01 28944 | -0.73 0.15 2.04E-06 8.76E-01 28945 | -0.03 0.04 5.19E-01 3.19E-01 8747 | N/A INTERGENIC G 0.41 A 0.44
15006115

rs12374234 4 8 t c 0.25 0.48 0.11 8.85E-06 2.73E-01 28938 0.55 0.18 2.33E-03 5.49E-02 28939 0.06 0.02 2.10E-02 1.70E-01 27157 | N/A INTERGENIC T 0.21 C 0.49

rs3828634 5 31496959 t C 0.23 0.46 0.11 3.80E-05 8.80E-01 29131.8 0.88 0.19 2.81E-06 6.69E-01 29132.8 0.00 0.05 9.96E-01 4.62E-01 10862.8 | RNASEN  INTRONIC T 0.11 C 0.32

rs11963288 6 56443263 t c 0.95 0.20 0.21 3.32E-01 2.88E-01 27373 155 035 9.73E-06 3.54E-01 27375 0.18 0.05 1.36E-04 7.19E-01 27877 | DST INTRONIC C 0.03 C 0.03

rs6924906 6 82277271 t C 0.71| -0.51 0.10 5.57E-07 5.93E-01 29111 | -0.41 0.17 1.74E-02 7.68E-01 29112 | -0.02 0.04 5.22E-01 7.57E-01 10860 | N/A INTERGENIC C 0.32 C 0.07
12715714

rs13209747 6 7 t c 0.17 0.56 0.12 8.84E-06 4.71E-01 28708 0.85 0.21 5.88E-05 6.10E-01 28709 0.04 0.05 3.25E-01 5.70E-01 12312 | N/A INTERGENIC T 0.13 T 0.46
15104646

rs17080102 6 3 ¢ g 0.10| -0.74 0.15 5.45E-07 6.85E-01 29323 | -1.02 0.25 3.42E-05 8.21E-01 29324 | -0.10 0.03 1.32E-03 5.86E-02 29464 | PLEKHG1  INTRONIC C 0.11 C 0.05

DOWNSTREA

rs17471520 7 27145315 t c 0.69| -0.50 0.10 1.81E-06 6.04E-01 29232.7 | -0.88 0.17 4.39E-07 9.54E-01 29233.7 | -0.10 0.02 3.97E-06 9.92E-01 29373.7 | N/A M C 0.34 C 0.11

rs11564022 7 27303571 t C 0.23| -0.60 0.11 7.66E-08 7.95E-01 29321.9| -0.89 0.19 1.83E-06 4.99E-01 29322.9 | -0.13 0.02 6.78E-08 1.46E-01 29462.9 | N/A INTERGENIC T 0.18 T 0.42

rs17428471 7 27304392 t g 0.12 0.61 0.14 1.23E-05 7.76E-01 29325.9 120 0.24 4.00E-07 7.48E-01 29326.9 0.15 0.03 1.32E-06 4.76E-01 29834.9 | N/A INTERGENIC T 0.14 T 0.06

rs11972761 7 52858144 ¢ g 0.15 040 0.13 1.71E-03 6.99E-01 29321 1.09 0.22 5.39-07 5.32E-01 29322 0.07 0.03 1.52E-02 7.66E-01 29830 | N/A INTERGENIC C 0.19 C 0.03

rs12718983 7 55692246 t g 0.85 0.39 0.14 4.58E-03 6.79E-01 29294.8 1.10 0.23 1.46E-06 8.48E-01 29295.8 0.06 0.03 3.81E-02 1.57E-01 29435.8 | N/A INTERGENIC G 0.10 G 0.42
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13838

28722

28600

-0.12

-0.04

-0.07

0.07

0.05

-0.08

-0.07

0.05

0.07

-0.08

-0.05

0.08

-0.10

0.07

0.05

0.08

-0.10

0.01

-0.02

0.04

0.02

0.03

0.03

0.03

0.05

0.03

0.02

0.05

0.03

0.06

0.02

0.05

0.02

0.08

0.03

0.03

0.02

0.04

2.87E-03

8.92E-02

1.42E-02

9.39E-03

3.24E-02

1.50E-01

1.37E-02

1.10E-02

1.72E-01

1.21E-03

4.38E-01

8.08E-04

3.25E-02

9.41E-04

5.19E-01

1.72E-03

1.43E-03

5.10E-01

5.65E-01

4.00E-01

3.49E-01

5.42E-01

6.19E-01

8.79E-01

4.66E-01

9.29E-01

8.96E-01

6.68E-01

1.98E-01

6.30E-01

7.12E-02

3.00E-04

7.56E-01

3.61E-01

2.33E-02

2.19E-02

1.44E-01

8.01E-01

10851.7

27546

29813.9

27126

28818.8

11002.9

27557

26185

14161

28818.9

12691

27822.9

11335

28818.9

26423

28818.9

14343

26964

8576

N/A
N/A
N/A
TRPM3
N/A
N/A
SOX6
SOX6
N/A
N/A
GPR133
COL4A2
N/A
RBPMS2
N/A
Msi2
BRUNOL
4

N/A

ZFP64

INTERGENIC

INTERGENIC

INTERGENIC

INTRONIC

INTERGENIC

INTERGENIC

INTRONIC

INTRONIC

INTERGENIC

INTERGENIC

INTRONIC

INTRONIC

INTERGENIC

INTRONIC

INTERGENIC

INTRONIC

INTRONIC

INTERGENIC

INTRONIC

0.37

0.20

0.20

0.30

0.06

0.09

0.28

0.47

0.13

0.22

0.05

0.42

0.19

0.36

0.02

0.25

0.44

0.25

0.44

0.02
0.50
0.28
0.08
0.33
0.01
monomorphi
c
0.48
monomorphi
c
0.17
0.23
0.22
0.20
0.04
0.09
0.05
monomorphi
c

033

0.37

SNPs association values with P<1.0 x 10-5 for SBP, DBP and hypertension (HTN) in the Continental Origins and Genetic Epidemiology Network (COGENT).

Abbreviations: Chr, chromosome; MAF, minor allele frequency; HetPVal, P for heterogeneity; N/A, not available
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Table S4. Comparison of the number of observed and expected signals in ICBP for the 43 independent SNPs in COGENT with P <1.0 x 10-5

Significance level 0.05 0.01 0.001 0.0001
Observed 18 14 11 5
Expected 4.5 0.9 0.09 0.009
P-value 2.2x107 23x10" 2.3x10%° 3.5x10"

Comparison observed and expected SBP or DBP signals in the International Consortium for Blood Pressure (ICBP) for 43 independent SNPs in Continental Origins and
Genetic Epidemiology Network (COGENT) with P <1.0 x 10~
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Table S5. Statistical power of replicating the SNPs in Table 1 and 2 using African ancestry samples only.

Estimated SNP  Total sample size in Sample size required
specific AA available for the Allele for 80% power at
SNP Alleles  Trait variance SNP frequency alpha=0.05
rs13209747 T/C SBP 5.85E-04 8686 0.1854 1.65E+04
DBP 7.07E-04 8686 0.1854 1.36E+04
rs17080102 C/G SBP 5.56E-04 10070 0.1016 1.73E+04
DBP 8.19E-04 10070 0.1016 1.18E+04
rs6924906 T/C SBP 1.98E-04 11770 0.7145 4.87E+04
DBP 8.85E-04 11770 0.7145 1.09E+04
rs17428471 T/G SBP 8.99E-04 6650 0.1432 1.07E+04
DBP 6.70E-04 6650 0.1432 1.44E+04
rs1717027 T/C SBP 4.44E-05 10070 0.6447 2.17E+05
DBP 9.07E-04 10070 0.6447 1.06E+04
rs1401454 T/C SBP 4.41E-04 10070 0.4615 2.18E+04
DBP 8.35E-04 10070 0.4615 1.15E+04
rs11041530 C/G SBP 1.07E-03 8686 0.1134 9000

DBP 4.78E-04 8686 0.1134 2.02E+04



Table S6. Conditional analysis of SNPs in HOXA locus for SBP and DBP

Systolic blood pressure (SBP) COGENT single-SNP meta-analysis Conditional analysis, LD from 5 CARe studies*
SNP Chr Position (build 36) Nearest gene Allele 1 allele frequency beta se pvalue beta se pvalue

rs11564022 7 27303571 EVX1-HOXA T 0.2256 -0.8915 0.1868 1.83E-06 -0.88434 0.185832 1.95E-06
rs17471520 7 27145315 EVX1-HOXA T 0.6945 -0.8786 0.1739 4.39E-07 -0.85691 0.16913 4.05E-07

Diastolic blood pressure (DBP) COGENT single-SNP meta-analysis Conditional analysis, LD from 5 CARe studies*
SNP Chr Position (build 36) Nearest gene Allele 1 allele frequency beta se pvalue beta se pvalue

rs11564022 7 27303571 EVX1-HOXA T 0.2256 -0.5969 0.111 7.66E-08 -0.59355 0.110236 7.27E-08
rs17471520 7 27145315 EVX1-HOXA T 0.6945 -0.496 0.1039 1.81E-06 -0.47971 0.100524 1.82E-06

Conditional analysis of SNPs in the HOXA region performed for systolic blood pressure (SBP) and diastolic blood pressure (DBP) in the Continental Origins and Genetic

Epidemiology Network (COGENT). *Estimates and p-values
Abbreviations: Chr, chromosome; LD, linkage disequilibrium; SNP, single nucleotide polymorphism



Table S7. Heterogeneity P-values for the top SNPs in main text Table 1

Replication P

Effect Effect COGENT COGENT ICBP African East Phase lll+replication  All African  All African  All samples

Chr SNP Other Allele  Allele Freq Trait P Puer P Ancestry Asian P Prer Puer
SBP  2.6x10" 0.5 5.0x10™ 6.0x10™ 5.6x10" 3.00x10™ 0.218 0.3577 0.4657

3 rs1717027 T/C 0.64 DBP  5.1x10” 0.25 2.5x107 2.2x10" 1.5x10™ 4,62x10™" 3.40x10° 0.9375 0.6815
SBP | 1.7x10-2 0.77 5.6x10-4 4.7x10-1 2.0x10-3* 6.16x10-5 9.61x10-2 0.2483 0.07095
6 | rs6924906 T/C 0.71 DBP | 5.6x10-7 0.59 | 4.9x10-2 9.8x10-1 8.8x10-3 5.50x10-7 1.31x10-5 0.2013 0.215
SBP  5.9x10° 0.61 5.4x10™ 5.0x10™" 2.6x10°" 2.56x10™"" 3.32x10” 0.366 0.1698
6  rs13209747 T/C 0.19 DBP  8.8x10° 0.47 1.5x10° 2.2x107 1.2x10™ 2.43x10™" 6.37x10” 0.2151 0.2296
SBP | 3.4x10-5 0.82 9.2x10-4 2.3x10-1 3.4x10-2 4.75x10-8 2.54x10-5 0.7246 0.8165
6 | rs17080102 c/G 0.1 DBP | 5.4x10-7 0.69 1.5x10-4 4.1x10-1 8.5x10-4* 1.90x10-11** 1.15x10-6 0.294 0.3656
SBP  4.0x10” 0.75 8.0x10° 1.4x10™ 3.4x10™ 2.1x10™" 9.15x10™ 0.2651 0.07015
7 rs17428471 T/G 0.14 DBP  1.2x10° 0.78 2.8x10°  1.1x10” 4.4x10™ 1.6x10°" 7.07x10” 0.7819 0.4949
SBP | 5.7x10-4 | 0.83 2.2x10-4 | 9.7x10-4* 6.7x10-1 9.50x10-7 3.79x10-6 0.4655 0.05645
11 | rs1401454 T/C 0.46 DBP | 2.1x10-6 | 0.87 3.1x10-5 5.0x10-3 5.5x10-1 5.12x10-10** 3.82x10-8 0.5955 0.1655
SBP  4.0x10°® 0.34 2.9x10°  8.0x10™ 9.3x10™ 5.6x10° 2.89x10° 0.03584 0.02305
11 rs11041530 C/G 0.11 DBP  2.6x10" 0.47 0.119 6.5x10™ 6.6x10" 7.6x10" 2.30x10° 0.1446 0.2073

Abbreviations: SNP, single nucleotide polymorphisms; PHET, p for heterogeneity
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Table S8. Conditional analysis of SNPs in SOX6 for SBP and DBP

Systolic blood pressure (SBP)

COGENT single-SNP meta-analysis Conditional analysis, LD from 5 CARe studies*
SNP Chr Position (build 36) Nearest gene Allele 1 allele frequency beta se pvalue beta se pvalue
rs1401454 11 16206759 SOX6 T 0.46 0.5512 0.1599 5.68E-04 0.550958 0.158859 5.24E-04
rs381815 11 16858844 SOX6 T 0.2225 0.2765 0.1886 0.1427 0.301567 0.190844 1.14E-01

Diastolic blood pressure (DBP)

COGENT single-SNP meta-analysis Conditional analysis, LD from 5 CARe cohorts*
SNP Chr Position (build 36) Nearest gene Allele 1 allele frequency beta se pvalue beta se pvalue
rs1401454 11 16206759 SOX6 T 0.46 0.451 0.0951 2.11E-06 0.450111 0.094335 1.83E-06
rs381815 11 16858844 SOX6 T 0.2225 0.2517 0.1122 0.0249 0.303716 0.113146 7.27E-03

*Conditional analysis estimates and p-values were obtained when using two SNPs (marked in the same color) in a linear regresion models

We performed conditional analysis using summary statistics methods previously described by Yang et al (2012, Nat Genet) for SBP and DBP signals in the
NHLBI Candidate gene Association Resource (CARe) GWAS data using rs1401454, rs381815, rs2014408 from the SOX6 locus. The CARe cohorts
used were as follows: Atherosclerosis Risk In Communities (ARIC); Coronary Artery Risk Development in Young Adults (CARDIA); Cleveland Family
Study (CFS); Jackson Heart Study (JHS); Multi-Ethnic Study of Atherosclerosis (MESA).
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Table S9. Replication analysis in COGENT of 29 identified SNPs by ICBP

Allele frequencies COGENT Results
Position (build Coded Other
trait Chr 36) SNP Nearby gene Allele allele EUR AA Asia  YRI CEU Beta SE pvalue
DBP chri2 113872179 rs10850411 TBX5-TBX3 T C 0.70 0.657782 0.408 0.653 0.683 -0.0087 0.1052 0.9344
SBP  chr12 113872179 rs10850411 TBX5-TBX3 T C 0.70 0.657782 0.408 0.653 0.683 -0.114 0.1748 0.5142
DBP chr5 32850785 rs1173771  NPR3— G A 0.60 0.772235 0.658 0.805 0.525 -0.0741 0.109 0.4966
SBP  chr5 32850785 rs1173771 NPR3—- G A 0.60 0.772235 0.658 0.805 0.525 0.0369 0.1824 0.8397
DBP chrl7 44757806 rs12940887 ZNF652 T C 0.38 0.103031 0.1 0.008 0.375 0.0985 0.1491 0.5089
SBP  chr17 44757806 rs12940887 ZNF652 T C 0.38 0.103031 0.1 0.008 0.375 0.4184 0.2501 0.0944
DBP chr4 103407732 rs13107325 SLC39A8 T C 0.05 0.018869 0.092 -1.1784 0.5385  0.02865
SBP chra 103407732 rs13107325 SLC39A8 T C 0.05 0.018869 0.092 -1.589 0.8346 0.05692
DBP chr20 10917030 rs1327235 JAGI G A 0.46 0.506287 0.492 0.551 0.508 0.2137 0.0919 0.0201
SBP  chr20 10917030 rs1327235 JAGI G A 0.46 0.506287 0.492 0.551 0.508 0.4864 0.1543 0.001621
DBP chr4 81383747 rs1458038  FGF5 T C 0.29 0.087862 0.283 0.059 0.267 0.5318 0.1821 0.003494
SBP chra 81383747 rs1458038 FGF5 T C 0.29 0.087862 0.283 0.059 0.267 0.4195 0.305 0.169
DBP chrl 11785365 rs17367504 MTHFR— G A 0.15 0.108908 0.108 0.085 0.183 -0.0199 0.1465 0.8922
SBP chrl 11785365 rs17367504 MTHFR- G A 0.15 0.108908 0.108 0.085 0.183 -0.2578 0.2472 0.2971
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DBP chr6 26199158 rs1799945  HFE G C 0.14 0.028593 0.3771 0.3892 0.3326

SBP  chrb 26199158 rs1799945  HFE G C 0.14 0.028593 0.3962 0.6193 0.5223
DBP chrl5 89238392 rs2521501  FURIN-FES T A 0.31 0.269298 0.075 0.169 0.383 0.1965 0.1276 0.1235
SBP  chrl5 89238392 rs2521501  FURIN-FES T A 0.31 0.269298 0.075 0.169 0.383 0.0656 0.2113 0.7564
DBP chrl2 110368991 rs3184504  SH2B3 T C 0.47 0.082043 0.45 0.5759 0.2384  0.01571
SBP  chrl2 110368991 rs3184504  SHZ2B3 T C 0.47 0.082043 0.45 1.29e+00 3.70E-01 5.05E-04
DBP chrll 16858844 rs381815 PLEKHA7 T C 0.26 0.218154 0.175 0.203 0.317 0.2517 0.1122 0.0249
SBP  chrll 16858844 rs381815 PLEKHA7 T C 0.26 0.218154 0.175 0.203 0.317 0.2765 0.1886 0.1427
DBP chrl0 18459978 rs4373814  CACNB2(59) G C 0.55 0.441108 0.508 0.415 0.667 -0.2097 0.0989  0.03399
SBP  chrl0 18459978 rs4373814  CACNB2(59) G C 0.55 0.441108 0.508 0.415 0.667 -0.1033 0.1661 0.5342
DBP chr20 57184512 rs6015450  GNAS—EDN3 G A 0.12 0.186073 0.178 0.058 0.3083 0.1231  0.01225
SBP  chr20 57184512 rs6015450  GNAS—EDN3 G A 0.12 0.186073 0.178 0.058 0.1621 0.2059 0.4311
DBP chrll 10307114 rs7129220 ADM G A 0.89 0.927608 0.941 0.883 -0.3187 0.1728 0.0651
SBP  chrll 10307114 rs7129220 ADM G A 0.89 0.927608 0.941 0.883 -0.9915 0.2879 0.000573
DBP chrl0 95885930 rs932764 PLCE1 G A 0.44 0.193873 0.542 0.195 0.425 -0.1295 0.1157 0.2627
SBP  chrl0 95885930 rs932764 PLCE1 G A 0.44 0.193873 0.542 0.195 0.425 -0.0855 0.1944 0.6599

Replication analysis of the 29 genome-wide significant SNPs identified by the International Consortium for Blood Pressure (ICBP) study in the in
Continental Origins and Genetic Epidemiology Network (COGENT). Significant associations (P < 0.05) are shown in red.
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Table S$10. Fine-mapping of four loci identified by ICBP

European ancestry (EA) African ancestry (AA) Conditional analysis Conditional SNP
Effect allele Explained
Alleles frequency Position variance
Gene/Chr Trait SNP EUR r’ AFR (effect/other) (EA, AA) (Build 36) N Beta P-value N Beta (SE) P-value (%) P-value HapMap CEU and YRI block sizes (bp) defined by r2>0.7
EBF1/chr5 DBP rs11953630 0.928 0.499 T/C 0.342,0.127 157777980 203056 -0.281 3.80E-13 28308.9 -0.3209(0.1188) 0.0069 0.0189% 0.431005 rs4551053 CEU 75,779
DBP  rs4551053 A/G 0.325,0.068 157771120 203056 2.37E-05 28309 -0.4973(0.14) 0.000384  0.0259% YRI 24,249
SBP  rs11953630 T/C 0.342,0.127 157777980 203056 -0.412 3.00E-11 28308.9 -0.4194(0.1992) 0.03523 0.0114% 0.804633 rs4551053
SBP  rs4551053 A/G 0.325,0.068 157771120 203056 2.72E-06 28309 -0.754(0.2321) 0.001161  0.0211%
HTN  rs11953630 T/C 0.342,0.127 157777980 203056 -0.052 1.70E-07 28308.9 -0.0867(0.026) 0.000847 0.0111% 0.115087 rs4551053
HTN  rs4551053 A/G 0.325,0.068 157771120 203056 28309 -0.1148(0.0317) 0.000296  0.0111%
ATP2B1/chrl2 DBP rs17249754 0.915 0.703 A/G 0.1,0.1298 88584717 203056 0.522 1.20E-14 28925 -0.039(0.1378) 0.7773 0.0003% 0.617033 rs2681492 CEU 150,233
DBP  rs2681492 T/C 0.892,0.87 88537220 203056 6.12E-08 29247.9 0.0853(0.1403) 0.5433  0.0014% YRI 58,987
SBP  rs17249754 A/G 0.1,0.1298 88584717 203056 0.928 1.80E-18 28925 -0.5724(0.2306) 0.01306 0.0216% 0.574338 rs2681492
SBP  rs2681492 T/C 0.892,0.87 88537220 203056 2.06E-11 29247.9 0.745(0.2349)  0.001517  0.0367%
HTN  rs17249754 A/G 0.1,0.1298 88584717 203056 0.126 1.10E-14 28925 -0.1159(0.0522) 0.02642 0.0202% 0.574623 rs2681492
HTN  rs2681492 T/C 0.892,0.87 88537220 203056 29247.9 0.1034(0.031)  0.000855  0.0161%
NT5C2/chr10 DBP rs11191548 1 049 T/C 0.917,0.949 104836168 203056 0.464 9.40E-13 28675 0.2967(0.2065) 0.1507 0.0070% 0.774123 rs11191555 CEU 422,828
DBP  rs11191555 A/C 0.917,0.956 104847513 203056 3.74E-06 27823 0.4455(0.2292) 0.05192 0.0138% YRI 400,148
SBP  rs11191548 T/C 0.917,0.949 104836168 203056 1.095 6.90E-26 28675 0.9017(0.3457) 0.009086 0.0230% 0.418126 rs11191555
SBP  rs11191555 A/C 0.917,0.956 104847513 203056 9.49E-10 27823 1.0032(0.3841)  0.00901  0.0247%
HTN  rs11191548 T/C 0.917,0.949 104836168 203056 0.097 1.40E-05 28675 0.1199(0.0777) 0.1226 0.0093% 0.568881 rs11191555
HTN  rs11191555 A/C 0.917,0.956 104847513 203056 27823 0.1045(0.0525)  0.04634  0.0061%
ULK4/chr3 DBP  rs3774372 1 0.098 T/C 0.783,0.797 41852418 203056 -0.367 9.00E-14 29317 -0.2336(0.1126)  0.03805 0.0146% 0.613398 rs1716642 CEU 314,745
DBP  rs1716642 A/C 0.783,0.648 41940869 203056 2.60E-07 24185 0.5359(0.1084)  7.57E-07 0.1083% YRI 221,195
SBP  rs3774372 T/C 0.783,0.797 41852418 203056 -0.067 0.39 29317 -0.1484(0.1883) 0.4305 0.0021% 0.573685 rs1716642
SBP  rs1716642 A/C 0.783,0.648 41940869 203056 0.497 24185 0.1424(0.1805) 0.4301 0.0027%
HTN  rs3774372 T/C 0.783,0.797 41852418 203056 -0.017 0.18 29317 0.0487(0.0476) 0.3069 0.0051% 0.0741162 rs1716642
HTN  rs1716642 A/C 0.783,0.648 41940869 203056 24185 0.0781(0.0238) 0.001047  0.0186%
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Table S11. Cardiotoxicity and associated molecules and p-values from toxicology function analysis of IPA

Cardiotoxicity Molecules Pvalue

Cardiac stenosis HOXA3 4.54x 107
Congenital heart anomaly HOXA3 1.31x 107
Cardiac congestive cardiac failure CACNA1D 4.16 x 10°°
Heart failure CACNA1D 4.16 x 10™
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