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Abstract
Reduced activated partial thromboplastin time (aPTT) is a risk marker for incident and recurrent venous thromboembolism
(VTE). Genetic factors influencing aPTT are not well understood, especially in populations of non-European ancestry. The
present study aimed to identify aPTT-related gene variants in both EuropeanAmericans (EAs) andAfricanAmericans (AAs).We
conducted a genetic association study for aPTT in 9719 EAs and 2799 AAs from the Atherosclerosis Risk in Communities (ARIC)
study. Using the Candidate Gene Association Resource (CARe) consortium candidate gene array, the analyses were based on
∼50 000 SNPs in ∼2000 candidate genes. In EAs, the analyses identified a new independent association for aPTT in F5 (rs2239852,
P-value = 1.9 × 10−8), which clusters with a coding variant rs6030 (P-value = 7.8 × 10−7). The remaining significant signals were
located on F5,HRG,KNG1, F11, F12 andABO andhave beenpreviously reported in EApopulations. InAAs, significant signalswere
identified in KNG1, HRG, F12, ABO and VWF, with the leading variants in KNG1, HRG and F12 being the same as in the EAs; the
significant variant in VWF (rs2229446, P-value = 1.2 × 10−6) was specific to the AA sample (minor allele frequency = 19% in AAs
and 0.2% in EAs) and has not been previously reported. This is the first study to report aPTT-related genetic variants in AAs. Our
findings in AAs demonstrate transferability of previously reported associations with KNG1, HRG and F12 in EAs. We also
identified new associations at F5 in EAs and VWF in AAs that have not been previously reported for aPTT.

Introduction
The activated partial thromboplastin time (aPTT) is a measure-
ment of clotting time between the activation of factor XII and
the formation of fibrin clot, and is an indicator of the integrity
of intrinsic and common coagulation pathways (1). The aPTT is
a commonly used clinical test to screen for coagulation factor
deficiencies (2). A prolonged aPTT is usually due to deficiencies

of coagulation factors or acquired inhibitors, such as lupus antic-
oagulants (1). In contrast, subjects with a shorter aPTT often have
significant higher levels of coagulation factors V, VIII, XI, XII and
von Willebrand factor than subjects with normal aPTT (3). More-
over, a shorter aPTT is a riskmarker for first and recurrent venous
thromboembolism (VTE), reflecting that the aPTT is associated
with hypercoagulability (4–7).

Received: July 22, 2014. Revised: December 17, 2014. Accepted: December 22, 2014

© The Author 2014. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com

Human Molecular Genetics, 2015, Vol. 24, No. 8 2401–2408

doi: 10.1093/hmg/ddu732
Advance Access Publication Date: 30 December 2014
Association Studies Article

2401

http://www.oxfordjournals.org


Although the heritability of aPTT from family-based studies is
0.43–0.83 (8,9), genetic factors influencing aPTT are not well
understood. Two genome-wide association studies (GWAS),
both including only individuals of European ancestry, have
been published (10,11). They both identified variants in the
histidine-rich glycoprotein (HRG), kininogen 1 (KNG1), and coagu-
lation factor XII (F12) genes related to aPTT (10,11). The larger
study, which pooled GWAS data from several cohorts, reported
additional associations between aPTT and variants in the coagu-
lation factor V (F5), coagulation factor XI (F11), ABO blood group
(ABO) and ATP/GTP binding protein-like 1 (AGBL1) genes (11).
The six lead identified loci (KNG1, HRG, F11, F12 and ABO)
altogether contributed to an 8 s difference in the mean aPTT
between those with the lowest and highest number of aPTT-
increasing alleles and explained up to 29% of the variance of
aPTT in EAs (11). More recently, a gene-centric analysis with
∼36 000 single nucleotide polymorphisms (SNPs) in 2510
women of European origin also replicated the associations of
aPTT with genetic variants in HRG, KNG1, kallikrein B, plasma
(Fletcher factor) 1 (KLKB1)/F11, F12 and ABO gene regions (12).
Among the identified genetic signals for aPTT, associations
with VTE risk have recently been reported for the variants in
F11 and KNG1 in populations of European ancestry (13,14), imply-
ing a potentially important contribution of genetic determinants
of aPTT to the risk of VTE.

Although several genetic loci associated with aPTT have been
reported in participants of European ancestry, to our knowledge,
there are no large-scale genetic association studies to date for
aPTT focusing on other ethnic populations. We aimed to identify
the associations of genetic variants with aPTT in both European
Americans (EAs) andAfrican Americans (AAs) in the Atheroscler-
osis Risk in Communities (ARIC) study, using ∼50 000 SNPs geno-
typed by a cardiovascular-focused candidate gene array from the
National Heart, Lung, and Blood Institute (NHLBI) Candidate
Gene Association Resource (CARe) consortium.

Results
Basic characteristics of the study participants are provided in
Table 1. The distributions of age and aPTT were similar between
EA and AA participants.

Genetic associations in EAs

The aPTT was significantly associated with seventy-three SNPs
on the array, including those in the F5 region on chromosome
1q23 (top independent variants: rs9332701 and rs2239852), HRG

and KNG1 on chromosome 3q27 (rs9898 in HRG and rs710446 in
KNG1), F11 on chromosome 4q35 (rs4253399 and rs1593), F12 on
chromosome 5q35.3 (rs1801020) and ABO on chromosome
9q34.2 (rs657152 and rs8176704) (Supplementary Material,
Table S1). Table 2 shows the top independent signals with aPTT
in EAs. Detailed descriptions of the primary and conditional re-
sults are presented in Supplementary Material, Results, as the
main findings here largely overlap with previously published
GWAS reports (10–12). Regional association plots are shown in
Supplementary Material, Figs. S1–S6. All of the top independent
variants except rs2239852 (F5, intron, β = 0.24, P-value = 1.9 × 10−8)
were previously reported in GWAS or candidate gene studies in
populations of European ancestry (10–12).

Genetic associations in AAs

A total of 27 SNPs exceeded the significance threshold of P-value
< 2 × 10−6 (SupplementaryMaterial, Table S2), including 8 SNPs on
chromosome 3 (3q27), 10 on chromosome 5 (5q35.3), 8 on
chromosome 9 (9q34.2), and one on chromosome 12 (12p13.3).
On chromosome 3q27, two independent signals emerged based
on the primary and conditional analyses: rs710446 (KNG1, mis-
sense, Ile581Thr, P-value = 8.4 × 10−42) and rs9898 (HRG, mis-
sense, Pro204Ser, r2 with rs710446 = 0, P-value = 4.6 × 10−26 in
conditional analysis) (Table 2). Each copy of the rs710446 C allele
and rs9898 T allele was associated with 1.09 and 0.90 s shorter
aPTT, respectively.

On chromosome 5, the top independent variant was
rs1801020 (F12, mrna-utr, P-value = 1.0 × 10−84, Table 2). Each
copy of the rs1801020 A allele was associated with 1.55 s longer
aPTT.

On chromosome 9, two independent signals emerged:
rs8176722 (ABO, intron, P-value = 1.6 × 10−29) and rs651007 (inter-
genic, P-value = 2.2 × 10−10 in conditional analysis) (Table 2). Each
copy of rs8176722 A allele and rs651007 T allele was associated
with 1.37 and 0.57 s shorter aPTT, respectively.

On chromosome 12, there was one significant signal from a
missense variant in the von Willebrand factor gene (VWF)
(rs2229446, missense, Arg2185Gln, P-value = 1.2 × 10−6, Table 2).
Each copy of the T allele was associated with a 0.51 s longer
aPTT. Regional association plots for chromosomes 3, 5, 9 are
shown in Supplementary Material, Fig. S7–S10.

Prediction of functional changes

Using the Sorting Intolerant From Tolerant (SIFT) (15) and Poly-
morphism Phenotyping v2 (PolyPhen-2) (16) programs, we as-
sessed the potential influence of the identified missense
variants in our study on protein function. In PolyPhen-2,
Met2148Thr (rs9332701; score = 0.999) in F5 and Arg2185Gln
(rs2229446; score = 1) in VWF were predicted to be damaging,
whereas the other missense variants were predicted to be benign.
The results fromSIFTwere consistentwith those fromPolyPhen-2.

The search for all identified, independent signals in HaploReg
v2 (17) showed that each identified SNP may have a role in alter-
ing regulatory motifs (rs2239852, rs710446, rs9898, rs1593,
rs8176704, rs8176722, rs651007 and rs2229446), altering regula-
tory protein binding (rs9332701 and rs1801020), or both
(rs4253399 and rs657152) (Supplementary Material, Table S3).
Additionally, a few signals were predicted to be located in regions
of DNase hypersensitivity sites (rs4253399, rs1801020, rs8176722
and rs651007) or regions of multiple histone markers (rs710446,
rs4253399, rs1801020, rs657152, rs8176722, rs651007 and
rs2229446), suggesting the potential impact of these signals on

Table 1. Description of study participant characteristics in ARIC

EAs AAs

N 9719 2799
Age (years) 54.2 ± 5.7 53.3 ± 5.8
Age range (years) 44–66 44–66
Female (%) 53.5 62.4
BMI (kg/m2) 27.0 ± 4.8 29.6 ± 6.0
aPTT (s) 29.0 ± 2.8 29.0 ± 3.1
Median aPTT (s) 28.8 28.8
Q1–Q3 aPTT (s) 27.1–30.7 27.0–30.9

Data shown are means ± standard deviations unless otherwise indicated.

EAs, European Americans; AAs, African Americans; N, sample size; BMI, body

mass index; s, seconds; Q1–Q3, the first to the third quartiles.
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Table 2. Top independent signals of aPTT in ARIC by race (in bold) and the corresponding results in the other race groupa

EAs AAs
Region SNP Position Gene Function A1/A2 AFA1 β (SE) P-value Var% AFA1 β (SE) P-value Var%

1q24 rs2239852 167779148 F5 Intron T/C 0.34 0.24 (0.04) 1. 9 × 10−8 0.3 0.38 0.03 (0.08) 0.74 0.004
1q24 rs9332701b,c 167751391 F5 Missense (Met2148Thr) G/A 0.05 0.51 (0.09) 3.2 × 10−8 0.3 0.01 −0.31 (0.45) 0.50 0.02

0.61 (0.09) 5.4 × 10−11 0.4
3q27 rs710446 187942621 KNG1 Missense (Ile581Thr) C/T 0.41 −1.18 (0.04) 2.3 × 10−197 8.6 0.50 −1.09 (0.08) 8.4 × 10−42 6.2
3q27 rs9898c 187873321 HRG Missense (Pro204Ser) T/C 0.34 −0.98 (0.04) 1.2 × 10−123 5.5 0.60 −0.90 (0.08) 1.2 × 10−27 4.1

−0.86 (0.04) 1.1 × 10−103 4.2 −0.85 (0.08) 4.6 × 10−26 3.6
4q35 rs4253399 187425088 F11 Intron G/T 0.39 −0.43 (0.04) 1.4 × 10−25 1.1 0.11 −0.39 (0.13) 0.003 0.3
4q35 rs1593c 187432545 F11 Intron T/A 0.12 0.55 (0.06) 1.2 × 10−19 0.8 0.17 −0.05 (0.11) 0.64 0.01

0.41 (0.06) 3.0 × 10−11 0.4
5q35.3 rs1801020 176769138 F12 mrna-utr A/G 0.24 1.55 (0.04) 8.3 × 10−260 11.2 0.45 1.55 (0.08) 1.0 × 10−84 12. 5
9q34.2 rs657152 135129086 ABO Intron A/C 0.37 −0.75 (0.04) 5.0 × 10−75 3.3 0.43 −0.76 (0.08) 2.0 × 10−20 3.0
9q34.2 rs8176704c 135125373 ABO Intron A/G 0.07 0.20 (0.08) 0.01 0.1 0.05 0.20 (0.19) 0.29 0.04

0.81 (0.08) 1.7 × 10−22 0.9
9q34.2 rs8176722 135122575 ABO Intron A/C 0.09 −0.45 (0.07) 7.6 × 10−11 0.4 0.12 −1.37 (0.12) 1.6 × 10−29 4.4
9q34.2 rs651007c 135143696 None Intergenic T/C 0.23 −0.83 (0.05) 5.0 × 10−68 3.0 0.14 −0.57 (0.12) 1.1 × 10−6 0.8

−0.74 (0.12) 2.2 × 10−10 1.4
12p13.3 rs2229446 5973333 VWF Missense (Arg2185Gln) T/C 0.002 0.74 (0.49) 0.13 0.02 0.19 0.51 (0.11) 1.2 × 10−6 0.8

EAs, EuropeanAmericans; AAs, AfricanAmericans; A1, coded allele; A2, non-coded allele; AFA1, allele frequencyof A1; β,mean change in aPTT in seconds per eachA1 allele increment; top independent SNPs are in bold for each specific

race group; Var%, variance% explained by each SNP.
aSample size: n = 9660–9717 for EAs, n = 2742–2799 for AAs.
br2 = 0.016 with rs2239852 for EAs.
cThe second row refers to the conditional analysis result after adjustment for the top signal in the same region.
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gene regulation. In expression quantitative trait loci analysis of
data from lymphoblastoid cell lines using SNPexp v1.2 (18),
rs2239852 and rs9332701 were associated with expression of F5
transcription with P-value < 0.01, while rs1801020 and rs651007
were nominally associatedwith F12 andABO transcription levels,
respectively (P-value < 0.05) (Supplementary Material, Table S4).
No other significant associations were observed between the
identified signals and expression levels of their corresponding
genes.

Discussion
Using the CARe candidate gene array data, we conducted a large-
scale genetic association study for aPTT in EA and AA indivi-
duals. In EAs, we replicated previously published association
studies of aPTT with signals on the F5, HRG, KNG1, F11, F12 and
ABO genes (10–12). Our study further identified an independent
signal on F5 (rs2239852) that has not previously been reported.
In AAs, we demonstrated transferability of the associations of
aPTT with variants on the HRG, KNG1 and F12 genes previously
identified in EA populations (10–12); the associations of aPTT
with variants on the ABO gene were also replicated at the gene
level. Thus, our study confirmed the contribution of the HRG,
KNG1, F12 and ABO genes to the inter-individual variation of
aPTT across different ethnic populations. In addition, a new sig-
nal on VWF (rs2229446) was identified only in AAs. Furthermore,
our search of functional annotation suggested that these identi-
fied loci may play a role in protein function and/or gene expres-
sion/regulation. To the best of our knowledge, this is the first
study to report genetic variants related to aPTT in an AA
population.

Factor V deficiency is caused by mutations in the F5 gene and
will prolong the aPTT (19,20). For EAs, our study replicated the F5
signal from the previous GWAS (rs9332701) (11) and identified a
new, independent signal, rs2239852. This new signal is in high
linkage disequilibrium (LD) with a coding non-synonymous
F5 SNP rs6030 (Met1764Val, r2 = 0.96). We obtained genotype
data for rs6030 in ARIC from another project (genotyped by
Sequenom) and evaluated the association of aPTT with rs6030.
The association of rs6030 with aPTT was highly significant
(P-value = 7.8 × 10−7), and the effect sizes for rs6030 and
rs2239852 were similar (β = 0.21 and β = 0.24, respectively). In add-
ition, the signal for rs2239852 was abolished by the adjustment
for rs6030, while that for rs9332701 was not. Together, these re-
sults suggest that the signal for rs2239852 is driven by the signal
for rs6030. In contrast, we did not observe significant associations
between the F5 variants and aPTT in AAs, whichmay result from
the rare allele frequency [minor allele frequency (MAF) = 0.01 for
rs9332701] and smaller effect sizes in AAs (β = 0.03 and β = 0.14 s
for rs2239852 and rs6030, respectively).

von Willebrand disease, caused by vWF deficiency, is a com-
mon genetic disease and can prolong the aPTT (21). rs2229446
is a non-synonymous variant of VWF (Arg2185Gln), and its
minor allele (T) was associatedwith lower vWF and factor VIII ac-
tivity levels in the AA cohort from the NHLBI Exome Sequencing
Project (22). The positive association between rs2229446 (T) and
aPTT observed in AAs in our study is in the direction expected
from the association between vWF and aPTT. This variant is
rare in EAs (MAF = 0.002) and therefore failed to show association
with aPTT, indicating that this signal is specific to the AA
population.

In this study, the strongest association was observed between
aPTT and a F12 variant (rs1801020) in both EAs and AAs, explain-
ing 11%–12% of total variance in the two ethnic groups. The F12

variant rs1801020 is located on the 5′ untranslated exonic coding
region of the F12 gene and has been associated with factor XII
concentration (23), ischemic stroke (24), acute coronary artery
disease (25) and venous thrombosis (26). This SNPwas associated
with aPTT in a UK candidate gene study (12) and is in high LD
with the top variants in published GWASs (rs2731672: r2 = 0.87;
rs2545801: r2 = 0.97) (10,11), indicating the same underlying
locus in the F12 region. The direction of association between
F12 rs1801020 T allele and VTE risk as reported in the literature
(26) is not consistent with what is expected based on the associ-
ation of this SNP with factor XII (23) and aPTT.

Two strong signals related to the aPTT in both EAs and AAs
were identified on chromosome 3 (KNG1 and HRG), replicating
previous results in populations of European ancestry (10–12).
KNG1 encodes highmolecularweight kininogen (HMWK), a cofac-
tor in the intrinsic pathway involving the activation of coagula-
tion factor XI and factor XII, while HRG encodes histidine-rich
glycoprotein in plasma and platelets. Although the function of
HRG is unclear, interactions between histidine-rich glycoprotein
and heparin, thrombospondin, fibrinogen, and plasminogen were
observed (27). Identification of the independent contribution of
theHRG genetic signal to the aPTT in both ethnic populations pro-
vides further evidence to support the role of HRG in coagulation
pathways, and indicates the need for further studies to investigate
the clinical relevance of HRG in thrombotic diseases.

At the ABO region, we identified two different, independent
signals for aPTT between EAs and AAs. The top signal in our
EAs, rs657152, replicated or was in high LD with the previously
reported ABO top SNP in candidate gene or GWAS studies
(r2 > 0.9 with rs687621) (10,11); and both are tag SNPs for the
ABO O blood type (r2 = 0.67). The second independent signal,
rs8176704, which also replicated the previously reported GWAS
finding in EAs (11), is a perfect tag for the ABO A2 variant
(r2 = 1). In contrast, the top SNP in AAs, rs8176722, was in low
LD with the top ABO SNP in EAs (rs687621: r2 = 0.26 and
rs657152: r2 = 0.18). Instead, rs8176722 is a better tag for the
B group in AAs (r2 = 0.79–0.86 with rs8176743, rs8176746,
rs8176747 and rs8176749) than the O group (r2 = 0.48). ABO
blood group is also associated with plasma levels of factor VIII
and vWF (28,29), and it has been hypothesized that the ABO
blood group influences plasma vWF and FVIII levels via vWF
clearance rate (i.e. vWF has a shorter half-life in persons with O
blood type compared with non-O) (30,31). Previous clinical, epi-
demiological and GWAS reports have established an association
between ABO genetic variants and VTE risk, with non-O blood
groups having a higher risk of VTE than the O blood group
(32–34). Other studies reported the association of blood type A
and AB genetic groups with a higher risk of coronary artery dis-
ease and stroke, respectively (35,36). The different associations
ofABO variantswith aPTT between EAs andAAs in our study sug-
gest that specific ABO blood groups may have different contribu-
tions to the inter-individual variation of aPTT and activity of the
coagulation pathways between the two ethnic populations.

In this study, the top F11 variant rs4253399 (intronic) in EAs re-
plicated or was in high LD with previously reported GWAS find-
ings in EAs (r2 = 0.70 with rs2289252) (10,11). This SNP was
associated with VTE in a large GWAS (13) and also closely corre-
lated with the other known SNPs for FXI level and aPTT ratio
(measured aPTT/reference aPTT) in women with thrombosis
(37) (rs2289252; rs2036914: r2 = 0.57). The aPTT association with
the top F11 variant rs4253399 in EAs was replicated in AAs at
nominal significance (P-value = 0.003). The effect size for this
variant was similar between the two ethnic groups (−0.39 s per
G allele in AAs versus −0.43 in EAs), while its allele frequency
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was lower in AAs (0.11 in AAs versus 0.39 in EAs). This lower
prevalence and slightly smaller effect size in the AA group con-
tributed to the lower statistical significance in AAs.

Using a gene-centric array, the nine SNPs identified in our EA
sample (rs2239852, rs9332701, rs710446, rs9898, rs4253399,
rs1593, rs1801020, rs657152 and rs8176704) explained 30.4% of
the variance in aPTT, similar to the findings from the previous
GWAS (10,11). In the AAs in our study, the six identified SNPs
(rs710446, rs9898, rs1801020, rs8176722, rs651007 and rs2229446)
explained 28.9% of the variance in aPTT. The consistently large
percentage of variance explained by the identified loci for aPTT
in both ethnic populations supports the important role that gen-
etic factors play in the inter-individual variation of aPTT at popu-
lation level, and also demonstrates a good selection of SNPs in
the customized candidate gene array for the aPTT analysis.

Reduced aPTT is associated with increased risk of both inci-
dent and recurrent VTE (8,9), and prolonged aPTT is used clinical-
ly to detect coagulation disorders (38). The top signals in F11
(rs4253399) (13) and KNG1 (rs710446) in our study have recently
been associated with VTE risk in populations of European ances-
try (14). The associations of these variants with aPTT in AAs in
this study support pursuit of further studies to investigate the
genetic architecture of VTE in AAs, which is a poorly understood
area.

There are some limitations in our analysis. Firstly, our main
analysis only focused on SNPs from the CARe candidate gene
array, and therefore may miss signals from genetic variants
that were not included. However, the analyses of both AAs and
EAs replicated the previous GWAS findings and also identified
additional signals, which increased the explained variation of
aPTT in both ethnic groups. Secondly, we did not evaluate inter-
actions between genetic variants. The previous GWAS identified
an interaction of KNG1 variants with HRG, F11 or F12 variants on
aPTT (11), which supports the hypothesis that genetic interac-
tions exist in the coagulation system. Further studies of gene ef-
fects and gene–gene interactions on aPTT, as it is a global
measure, may help improve the understanding of genetic influ-
ences in the coagulation pathways. Finally, our study only evalu-
ated the associations of aPTT with genetic variants in EAs and
AAs. Since the allele frequencies of identified variants may vary
across different ethnicities, additional analysis is required to in-
vestigate the generalizability of these identified genetic determi-
nants of aPTT to other ethnic groups.

Summary

This is the first study we are aware of to identify the genetic var-
iants related to aPTT in AAs. Our study confirmed previously re-
ported associations of aPTT in EAs and also observed most of
these associations in AAs. One signal identified on F5 in EAs
and one on VWF in AAs represent new genetic associations for
aPTT. Future studies are needed to confirm these newly identified
signals in other populations and to investigate the biological me-
chanisms by which the confirmed genetic loci influence the
activity of coagulation pathways.

Materials and Methods
Study population

The ARIC Study is a prospective cohort study designed to inves-
tigate the etiology and natural history of atherosclerosis in four
US communities (39). A total of 11 478 EA and 4266 AA partici-
pants aged 45–64 years were enrolled at baseline between 1987

to 1989 in the four ARIC field centers: Forsyth County, North Caro-
lina; Jackson, Mississippi; suburbs of Minneapolis, Minnesota;
and Washington County, Maryland. Follow-up exams were con-
ducted periodically to draw fasting blood samples and obtain in-
formation on demographic and clinical characteristics. Blood
samples collected at baseline or exam 2 were used for genotyp-
ing. Each participating field center received approval from its in-
stitutional review board, and all participants gave informed
consent.

Phenotype measurement

aPTT was tested at baseline in thawed plasma from the whole
ARIC cohort within few weeks after blood collection (40). aPTT
was measured using an automated coagulometer with a rabbit
brain phospholipid reagent (Coag-A-Mate X-2, General Diagnos-
tics, Morris Plains, NJ) following a standard protocol. The overall
reliability coefficient of repeatedmeasurements froma sample of
39 subjects over several weeks was 0.92 for aPTT (40), and the la-
boratory coefficient of variation estimated from 816 duplicate
participant samples was 3% (41). The total numbers of indivi-
duals who have aPTT measurements were 11 353 and 3966 in
EAs and AAs, respectively. Outliers that were larger or smaller
than six standard deviations from the mean were excluded
from analyses.

Genotyping

In both EAs and AAs in ARIC, a total of 49 320 SNPs were geno-
typed on the CARe ITMAT-Broad-CARe (IBC) genotyping array at
the Broad Institute of Harvard and the Massachusetts Institute
of Technology. This array was customized to capture a selected
set of ∼50 000 SNPs in∼2000 candidate gene loci related to cardio-
vascular, sleep, lung, metabolic and inflammatory pathways and
syndromes (42), which provides additional information than
standard GWAS chip. Functional SNPs or tag SNPs that captured
LD in corresponding loci were given a high priority in selection
into the array. Details on SNP selection were described in previ-
ous publication (42). A set of 24 markers that were also on the
IBC array, including a gender confirmation assay,were genotyped
by another platform to serve as a genetic fingerprint. Exclusion
criteria for samples included sex mismatch, duplication, >3 dis-
cordant fingerprint assays, genotyping rate < 95%, missing ethni-
city, haploid heterozygous calls, extreme heterozygosity values,
low-level identical by descent (IBD)/identical by state (IBS) shar-
ing by many samples, and genetic outliers. Filters for SNPs in-
cluded genotyping success rate < 95%, SNP missingness that
can be predicted using surrounding haplotypes, and SNPs asso-
ciated with chemistry plate or that caused heterozygous haploid
calls. In addition, SNPs with Hardy–Weinberg Equilibrium (HWE)
P-value < 10−4 were removed. A total of 46 058 SNPs in EAs and
46 787 SNPs in AAs passed the quality control criteria. SNPs
that have MAF < 0.01 were excluded from our analysis.

Participantswere excluded if theyweremissing for genetic in-
formation (n = 1624 for EAs and n = 571 for AAs) or principal com-
ponents for population stratification (n = 346 AAs), failed to pass
the QC filters (n = 247 for AAs), or were outliers (n = 10 for EAs
and n = 3 for AAs), resulting in a total of 9719 EAs and 2799 AAs
for the genetic analyses.

Statistical analysis

Linear regression of aPTT on the dosage of each SNP in an addi-
tive geneticmodel was conducted in each ethnic group, adjusting
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for age, sex andfield centers. Additionally, inAAs the first 10 prin-
cipal components were estimated by EIGENSTRAT and added
into the regression model as covariates to control for potential
influence of population stratification (43). These 10 principal
components were calculated with default parameters in the pro-
gram smartpca using the cleaned IBC genotyped data from the
CARe samples together with the HapMap populations (CEU,
YRI, CHB+JPT) who were all genotyped on IBC. The association
analyses were performed using PLINK version 1.0.7 (http://pngu.
mgh.harvard.edu/~purcell/plink/) (44). To account for multiple
testing and correlation among the SNPs, the array-wide signifi-
cance threshold were set at P-value < 2 × 10−6 (45). Whenmultiple
signals were observed in the same region, conditional analysis
was performed to examine the independence of the rest of the
signals from the top one. The top SNP with smallest P-value in
that region was added as covariate into the regression model se-
quentially until all remaining significant signals were abolished.
Correlation between SNPs was represented by the LD statistic r2.
The r2 for EAs was calculated based on the HapMap Phase 3 CEU
data, and that for AAs was based on a combined African and
African Americans samples from HapMap Phase 3.

Functional annotation

Twoweb-based tools, SIFT (15) and PolyPhen-2 (16), were queried
to evaluate the impact of amino acid changes on protein function
for the functional SNPs identified in our analysis. A SIFT score
< 0.05 was suggested to affect protein function; the PolyPhen-2
score ranged from 0 to 1 and was classified as benign (low), pos-
sibly damaging and probably damaging (high). Only rs6030,
rs710446 and rs9898 were included in SIFT. In addition, HaploReg
v2 (17) was queried to investigate the functional annotation of all
identified signals, including predicted chromatin state, conserva-
tion acrossmammals and effect of the SNPs on regulatorymotifs.
Moreover, using gene expression data of lymphoblastoid cell
lines from 210 unrelated individuals in the HapMap phase II
(release 23) project, we evaluated the association between gene
expression level and each of the identified top SNPs in additive
genetic model by the web tool SNPexp v1.2 (18).

Supplementary Material
Supplementary Material is available at HMG online.
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