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ABSTRACT

Protein C (PC), protein S (PS) and antithrombin (AT) belong to the main anticoagulant pathways
that regulate hemostasis and further affect the risk of thrombotic events. Previous epidemiological
studies of circulating levels of PC, PS and AT, genetic variation, and risk of venous thromboembolism
(VTE) have been limited by small sample sizes and restriction to specific candidate genes only.
Utilizing summary results from nine genome-wide association studies (GWAS), we conducted
transethnic meta-analyses on AT, PC, and free and total PS. We identified potential novel genome-
wide significant signals for AT close to the GCKR, SNX17 and BAZIB genes in both European
ancestry based analysis and transethnic analysis (Transethnic P-value = 4.41e-16, 1.45e-15, 4.01e-09,
respectively), but these associations were not observed in African population in our cohorts (P-value =
0.35, 0.55, 0.36, respectively). Signals at GCKR presented significant heterogeneity between
ancestries (P-value = 0.017). Also, a genome-wide signal on AT in African American population was
found close to TXNL4B-HP (Transethnic P-value = 4.37¢-26) but was not significant in the European
ancestry population (P-value = 0.02). Another novel genome-wide association signal was found close
to the ORM1 gene in relation with PS (PS free P-value = 1.16e-19, PS total P-value = 1.03e-15),
suggesting possible regulatory mechanisms for PS. We also found a potential genome-wide signal
(Transethnic p-value =3.73e-24) at SNX17 for PC, which is in high linkage disequilibrium (LD) with
variants in GCKR. Confirmation of these potential novel associations require further analysis in

independent populations.

INTRODUCTION

Proteins C (PC) and S (PS) are both vitamin-K-dependent natural anticoagulants whose
association with venous thromboembolism (VTE) and bleeding disorders have been characterized
previously [1-5]. PC is activated to produce activated protein C (APC) in the presence of
thrombomodulin (TM), which then binds with PS to create the APC-PS complex [6]. The
anticoagulation property of the complex mainly relies on inactivating and inhibiting coagulation
factors Va and VIlla, which attenuates blood clotting ability[7]. Approximately 60% of PS circulates

in plasma bounded noncovalently with C4b binding protein (C4bBP), which is of biologically active



function. The rest remains unbounded PS free is also in an active form different from the bonded
PS[8]. PS participates in the process as a co-factor, stimulating and enhancing the inactivation
function of APC to Factor Va and Factor VIlla by approximately 20-fold[9]. In addition, PS expresses
some ability to independently inhibit the thrombin activatable fibrinolysis inhibitor (TAFI), suggesting
that protein S may be a regulator in the early process of blood clotting.[10] Free PS has also been
associated with risk of VTE for its role in the process of thrombin generation[11]. Antithrombin (AT)
is another natural anticoagulant independent of the PC pathway and is also a crucial regulatory
molecule in the mammalian circulation systems[12]. By binding with heparin and other heparin like
glycosaminoglycans, AT’s ability of inhibiting crucial coagulation proteases such as coagulation

factor Xa is highly accelerated, thus inhibiting and regulating the clot formation.

Protein Level and Risk of VTE

All three natural anticoagulant proteins have been examined for association with risk of VTE
previously. In 1981, Griffin et al found that plasma levels of PC antigen were significantly lower than
normal levels in a family with recurring thrombosis history[2]. Similarly, PS deficiency was found to
be an inherited thromboembolic disease in a study by Schwarz et al [3]. The association between low
levels of AT and familial thromboembolic diseases was first reported in 1965[4], and it was
hypothesized that decreased AT levels could lead to higher risk of thrombosis through heparin
resistance. Bucciarelli et al [13]examined the incidence of VTE in families with AT, PS and PC
deficiencies and found that the incidence of VTE was higher among those who showed deficiency for
at least one of these factors compared with healthy populations. A similar association between natural
anticoagulants deficiency and VTE has been reported by others [5]. Sanson et al found that the annual
incidence of VTE for people with deficiency in PC or AT is relatively higher than the general

population: 1.9 % for AT deficiency, 1.0% for PC deficiency and 0.8% for overall participants.

Genetic Variation in the 3 Structural Genes and Levels of Protein and VTE Risk
PROC, PROS1, and SERPINCI encode PC, PS and AT, respectively [14-16]. Variation in these

protein-coding genes has been known for decades to be associated with circulating levels of the



respective coded proteins and risk of VTE in family studies. In early 1990s, a series of studies were
conducted by the Charter Molecular Genetics Lab[17, 18] to investigate the association between
mutations in PROC and risk of VTE in thrombophilia families. PROC variants causing decreased
activity or antigen levels of PC was found in familial deep vein thrombosis and pulmonary embolism
patients. In 1999, a case-control study found another variant associated with higher PC concentrations
and lower risk of VTE[19]. Similar associations between genetic variation and protein levels as well
as VTE risk were found in subsequent candidate gene studies. A recent family-based study found[20]
several variants located in PROC and PROS| genes related with risk of DVT, and a majority of those
variants had minor allele frequency (MAF) larger than 0.05. VTE risk associated with variation in the
SERPINCI gene was previously investigated in a Danish case-cohort study where a variant
(rs2227589, G /A, MAF=0.013) was associated with lower AT activity level and higher risk of
VTE[21]. However, this association was not highly significant and was not detected by other studies
likely due to the low frequency of the risk allele in the general population. Other studies have
examined genetic variation in these three natural anticoagulant structural genes and the risk of VTE;

most of these studies were family-based studies where rare variation was identified [2-4, 20-22].

GWASSs on PC, PS and AT

Genome-wide association study (GWAS) refers to studies testing agnostically genotype-
phenotype associations through genome-wide data from participating individuals. Since the first
published GWAS in 2005[23], it has been used to investigate genome-wide associations with multiple
diseases and traits[24]. There have been some GWASs of AT, PC and PS in the past decades. Several
GWASs on different ancestral data from ARIC cohorts were conducted and further identified several
loci associated with PC levels[5, 25-27]. Oudot-mellakh et al conducted a GWAS on PC in 951
participants from MARTHA [28], confirming the effect of variants in PROCR on PC levels. There has
also been two GWAS in the GAIT cohort with genome-wide findings for AT, PC PS levels on
SERPINC1, DANJ6 and PROCR[29, 30]. But these GWAS have been either limited with small sample
sizes or restricted to single ancestries, motivating the need for larger, transethnic studies for further

identification of genetic associations for these three phenotypes.



Other Genes Regulating Levels of Natural Anticoagulants

Besides variants located in PROC, PROS1, and SERPINC1, variants within other loci have been
found to be associated with levels of these three natural coagulants. For plasma levels of PC antigen,
variants as rs1260326 at GCKR, rs6120849 at BAZIB and rs17145713 at EDEM?2 were found to be
genome-wide significant in the ARIC cohort[26]. These novel variants found were common in the
population (MAF respectively: 0.40, 0.22 and 0.19) and were replicated in independent populations. A
variant located in an exon of the protein C receptor (PROCR) has been associated with changes in PC
antigen levels in this analysis. De la Morena-Barrio et al[31] found that three variants (rs713703,
1s762057, 1s240082) located in the glycosyltransferase coding gene LARGE were associated with
secretion of AT independently from expression of SERPINCI. Among those three variants, rs240082
had a relatively lower MAF (0.026) while the other two were more common (MAF>0.05). However,
in their validation analysis, only rs713703 showed statistical significance and this was further
confirmed through functional studies of LARGE. For PS, Athanasiadis et al found potential signals at
DANJC6 affecting PS levels within the GAIT2 cohorts[29]. Two common intronic variants in

DANJC6 were associated with free PS levels.

In this study, we conduct a GWAS meta-analysis to assess the association between low frequency
and common variants (as defined by specific MAF criteria) and these three natural anticoagulants,
which serve as intermediate phenotypes for VTE risk. We include participants of African American
and of European ancestry from nine cohorts[25, 28, 32-34]. We used TOPMed imputation panel

which has guaranteed our capability of characterizing low frequency variants.

METHODS
Study Design

The setting for the analysis is the Hemostasis Working Group within the Cohorts of Heart and
Aging Research in Genomic Epidemiology (CHARGE) Consortium[35]. The Working Group has

organized and conducted multiple GWAS of hemostasis phenotypes over the past decade[35-52].We



conducted new meta-analyses of existing GWAS summary data on three hemostasis phenotypes (PC,

PS, and AT).

Studies and Participants

We included summary GWAS data from nine studies with one or more of the three
phenotypes[25, 28, 32, 33, 53-57]. Table 1 provides information on 9 studies and which phenotypes
are available. Briefly, LURIC, MARTHA and RETROVE were hospital-based studies and GAIT was
family-based while the remaining seven studies were all population-based studies. Except for family-
based GAIT study, which recruited participants aged from <1 to 88, all participants in the other
studies were adults aged over 18. Two studies, ARIC and CHS, included African-ancestry participants
while the rest included European-ancestry individuals. Due to the small number of African
participants, we only used African ancestral data from ARIC. Detailed information of all studies can

be found in the Supplementary Table S2.

Natural Anticoagulant Phenotypes

Phenotype data were previously measured in each study and include plasma coagulation activity
or antigen level of PC, PS (total PS and free PS) and AT [25, 28, 32, 33, 53-56]. Measurement of AT
were performed as activity levels. Details of phenotype data (means, counts, standard error and type)

can be found in Table 1.

Genotyping and Study-specific Analyses

Participating studies had genotyping performed on various commercial platforms. Details about
genotyping platforms can be found in Supplemental Table S2. Each study imputed genotypes to the
Trans-Omics for Precision Medicine (TOPMed) imputation| 58] panel before association analysis.
Study specific quality control was implemented before the analysis. For each phenotype in each study,
inverse normal transformation was performed and regressed with adjustment variables such as age,
sex, principle components and study-specific variables, and residuals were captured for analysis. Each

study then performed ancestry-stratified association analysis using linear regression on the inverse



normal transformed residuals. Women and men were coded as 0,1,2 and 0, 2 for the X chromosome,

respectively.

Quality Control and Meta-analysis

We conducted extra quality control on participating cohorts to discover and resolve problems
across studies. Briefly, meta-level quality control focuses on problems within studies, including issues
with alleles, strand and population stratification as implemented in the EasyQC pipeline[59].

We meta-analyzed study-level GWAS results across 22 autosomal chromosomes plus the X
chromosome when available. Activity and antigen measurements for PC, PS were analyzed separately
first, and then combined. Details of the meta-analysis can be found in the supplementary methods. All
meta-analyses were conducted in METAL[60]. Meta-analyses in PS and AT utilized fixed-effects

inverse variants models. Models weighted by sample size were incorporated in the analyses of PC

since we combined two different phenotype units in the analysis. Genomic-control coefficients (Agc)

were checked and all analyses were adjusted for Asc of individual cohorts.

Meta-analysis level quality control
A comparison between two parallel meta-analysis was also conducted in order to uncover and
resolve problems happening in the process of meta-analysis. Log files covering the detailed process of

meta-analysis and descriptive statistics were used to check consistency in analysis coding.

RESULTS

Overall, nine cohorts participated in our analysis and a total of 30,055 ( 27,367 European-
ancestry participants and 2,688 African American-ancestry participants) were included in the analyses.
Detailed information about genotyping, phenotype measure and cohorts’ characteristics has been

published elsewhere before [25, 28, 32, 33, 53-57].

Antithrombin Discovery



We included eight cohorts in the meta-analysis of AT for African and European ancestry
populations (ARIC, CHRIS, CHS, GABC, GAIT, LURIC, MARTHA and RETROVE). Among these
cohorts, ARIC and CHS provided data from both ancestries. 27,783 individuals (25,095 European and

2,688 African American participants) and 33,842,284 variants contributed to the analysis. GABC

expressed slightly high level of coefficients’ inflation(Acc=1.04), while all the other studies had Asc

estimates smaller than 1.03, indicating that inflation of coefficients was fine. P-values of all variants
were plotted by chromosome and region order in Figure 1 (Manhattan plot), quantile to quantile plot
of P-values of these variants (Q-Q plot) was presented in Figure 2. In total, 426 SNPs met the
genome-wide significant level in transethnic analysis. A total of four loci contained genome-wide
significant signals: 1q25.1, 2p23.3, 7q11.3 and 16q22.2. Variants with the smallest P-value in each
region are listed in Table 2 along with the meta-analysis P-value, ancestry-specific MAF, beta
estimates, closest gene, and whether this association is novel. Forest plots of those genome-wide
signals are presented in Supplementary Figure 1-10.

Genome-wide significant signal found at chromosomal position 1g25.1 spanned six genes
(SDCCAG3P2 - ENST00000326105, SERPINC1, KLHL20, ANKRD45, TEX50, and RABGPIL).
Rs557150901 in SDCCAG3P2 had the smallest P-value in this locus (transethnic P-value 9.50e-16,
MAF EA <0.01, MAF AA <0.01) But this variant was in high LD (D’ = 1, r* = 0.120, Genome1000
European population) with missense variant rs2227624 (A/T) in SERPINC] (transethnic P-value:
9.49¢-15, MAF EA <0.01, MAF AA missing). We considered the signal at SDCCAG3P2 to be driven
by the known association at SERPINC1. However, rs2227624 was only observed in our European
ancestry population, and was monomorphic in our African American population. Five other genes
within 1,132kb of rs2227624 (SDCCAG3P2 - ENST00000326105, RABGPIL, KLHL20, ANKRDA45,
and TEX50) likely harbor variants in LD with unmeasured SERPINC] variants.

At chromosome 2, genome-wide signals were found at 2p23.3 and spanned two genes: SNX17
and GCKR. Top SNPs 154665972 in SNX17 and rs11127048 in GCKR were not significant in our
African American population and (P-value respectively: 0.55, 0.35). Rs11127048 (G/A) had the

smallest P-value in regions close to GCKR (transethnic P-value = 1.45e-15, MAF EA = 0.45, MAF



AA=0.29). This SNP was 6kb upstream of GCKR and has not been reported to be associated with AT
levels previously. rs4665972 (T/C) had the smallest P-value in this region and it is located in
SNX17(Transethnic P-value = 4.41e-16, MAF EA =0.451, MAF AA = 0.09), and was intronic to
SNX17. SNX17 has not been reported to be associated with AT levels previously. These two SNPs
were in high linkage disequilibrium with each other (D’ = 0.8851, r* = 0.7802, Genome 1000 European
population).

Genome-wide associations at chromosome 11 were located at q11.23 in gene BAZIB.
1rs13244268 (T/C) had the smallest P-value in this region (transethnic P-value=4.01e-9, MAF EA =
0.14, MAF AA =0.04). This association was only observed in European ancestral participants in our
analysis (EA P-value = 6.00e-9, AA P-value =0.36). Rs13244268 was located in an intron in BAZIB, a
gene coding for bromodomain protein[61], and was also found to be related with levels of PC by
previous GWAS in the ARIC cohort. [26]

At chromosome 16, genome-wide signals were found at 16q22.2. rs5471 (A/C) had the smallest
P-value in this region (transethnic P-value = 4.37¢-26, MAF EA = 0.0084, MAF AA =0.1341), which
was located in an intronic region of TXNL4B and 5 prime UTR variant of HP. This association was
genome-wide significant in African ancestral data only (EA P-value = 0.02, AA P-value =7.76e-25).
In a previous study, rs5471 was found to regulate haptoglobin level in Ghanaian population[62],
TXNL4B and HP were also reported to be related with lipid levels[63, 64].

Genome-wide signals found at chromosomes 1 and 2 were only significant in European ancestry
populations and the signal at chromosome 16 was detected only in our African American population.
Heterogeneity of direction and magnitude for those SNPs were not significant across participating
cohorts. Variants at GCKR presented a significant heterogeneity in direction across European and
African American ancestries (heterogeneity P-value = 0.017, positive effect relative to AT levels in
European), while rest of the signals were not found significantly different by ancestry. In our genome-
wide findings in AT analysis, CHS was the most influential cohorts. Except for rs11127048 in GCKR,

CHS has expressed weight larger than 40% in the analysis.

Protein C Discovery



Eight cohorts (ARIC, CHS, GABC, GAIT, LURIC, MARTHA, TSS, RETROVE) were included

in the transethnic analysis of PC. A total of 16,597 individuals and 33,342,224 variants contributed to

the analysis. Similar to AT analysis, only GABC had Agc estimate larger than 1.04, so there were no

significant signs for inflation of test statistics. A Manhattan plot of these results is shown Figure 3 and
the Q-Q plot is presented in Figure 4. We found 2,513 SNPs meeting the genome-wide significant
level, identifying five regions related to level change of PC at 1p13.3, 2q14.3, 2p23.3, 7q11.23 and
20q11.22. Coefficients, P-values, ancestry stratified MAF and closest genes of SNPs with strongest
association in each region are listed in Table 2.

The genome-wide association signal at 1p13.3 and was located in the 3’UTR of CELSR?2,;
rs12740374 (T/G) had the smallest P-value in the region (transethnic P-value = 7.15¢e -14, MAF EA = (.26,
MAF AA = 0.22). This association was only found in the African ancestral data (P-value = 4.67e-11); the
variant was similarly common in the European-ancestry participants but the association did not achieve
genome-wide significance (P-value =2.1e-04). This SNP was reported to be related with levels of low-
density lipoprotein cholesterol (LDL-C)[65] and lower PC plasma levels and may be further related to
cardiovascular disease[25].

Two loci reaching genome-wide significance were found at chromosome 2 at 2q13.3 and 2p23.3.
The 2q13.3 locus included PROC and the common variant rs1799809 had the smallest P-value in this
region (transethnic P-value = 1.40e-87, MAF EA = 0.43, MAF AA = 0.32). This variant showed
significant association in both ancestries. Rs1799809 was reported to be associated with PC levels in
previous GWAS on ARIC cohort[26] At 2p23.3, the smallest p-value was found at rs4665972 (T/C)
(transethnic P-value =3.73e-24, MAF EA = 0.42, MAF AA = 0.09) a common variant in EA participant
intronic to SNX17. In the African-ancestry participants, we did not detect an association (P-value = 0.14).
Note that this intron variant of SNX17 was not reported for the association with PC before. There was no
direct evidence of the association between SNX77 variants and PC levels, but previous study had identified
its association with blood lipid levels[66]. As described in AT findings, rs4665972 is in high LD with
upstream variant rs11127048 of GCKR. In previous analyses on ARIC cohort, the association between
GCKR and PC levels were found significant[25, 26].

Genome-wide association found at chromosomal position 7q11.23 was close to BAZ1B; the



rs34594435 (C/T) variant had the smallest P-value in this region (transethnic P-value = 4.72e-10,
MAF EA = 0.19, MAF AA = 0.08). This variant was 40kb downstream of BAZ1B, and was in high
LD with rs6976930 which is an intron of BAZ1B; as such, we consider this signal affected by the
known association of variants in B4Z1B.This association was only found significant in European-
ancestry participants (P-value = 2.05e-10); no association was found in African American-ancestry
individuals (P-value = 0.89). In European ancestry, rs6976930 also had a significant signal (P-value =
1.04¢-09)

At chromosome 20, genome-wide association was at q11.22, the location of the protein C
receptor structural gene, PROCR. Rs11907011 had the smallest P-value in this region (transethnic P-
value = 2.57e-390, MAF EA =0.09, MAF AA = 0.06). Analyses of both ancestries showed significant
signals (EA P-value =1.40e-33, AA P-value =1.51e-358). Rs11907011 was intronic to PROCR and was
reported in previous meta-analysis to be related with PC levels[25-27].

No significant heterogeneity was found within associations described above in direction and
magnitude either across different cohorts or ancestries. However, some variants located in PROCR
and PROC exhibited significant heterogeneity across different ancestries, this probably due to smaller

sample size of African population.

Protein S Discovery

For PS, 6 cohorts (CHS, GABC, GAIT, LURIC, RETROVE and TSS) were included in the
analysis of PS total, and 5 cohorts (CHS, MARTHA, LURIC RETROVE, GAIT) were included for
the analysis of PS free. We included 6,257 and 4,006 European ancestral individuals in the analyses of
PS total and free, respectively. 11,643,066 variants were investigated in the analysis of PS free and

13,040,841 variants were investigated in the analysis of PS total. Inflation of test statistics was

acceptable: GAIT2 was the only cohort having Agc value larger than 1.03 for both sub-phenotype of

PS; while rest cohort showed smaller Agc estimates. P-values of variants investigated in these

analyses were plotted in Manhattan plots by chromosome and region order were listed in Figure 5 and

6 for PS free and total, respectively. Q-Q plots are presented by Figure 7 and 8. Sixteen and four



variants exceeded the genome-wide significant level for the analyses of PS free and PS total,
respectively. Forest plots of those genome-wide signals are presented in Supplementary Figure 11-14.

We identified genome-wide significant variants for PS free at 3q11.1 and 9932, and genome-wide
significant variants for PS total at 9q32. We listed top variants in these two regions along with their
summarized P-value, effect, and possible related genes. Genome-wide association identified at
chromosomal position 3q11.1 was located at PROS1. rs121918472 (A/C) has the smallest P-value (PS
free P-value = 2.30e-11, MAF = 0.02) and has been reported to be associated with PS deficiency, PS
Heerlen, and risk of thrombosis[67, 68]. In our analysis, this variant was positively associated with PS
free level, significance was not observed in PS total, and this is probably related with low MAF in
European population (<0.05) of this variant. We also found a missense variant rs566931451(C/A)
located at chromosomal position 3q11.2 in the analysis of PS free (P-value = 2.67e-12, PS free MAF
=0.01). This variant is located between EPHA3 and PROSI. Genome-wide significant association
found at chromosomal position 9q32 was located 2kb upstream of ORM 1, and rs150611042 (C/A) was
the SNP with smallest P-value (PS free P-value =1.16e-19, PS total P-value = 1.03e-15, PS free MAF
=0.09, PS total MAF = 0.02 ). rs150611042 has not been related with the levels change of PS before.
ORM(1 has been related with thrombosis generation in previous meta-analysis[69].

Heterogeneity of the direction and magnitude of these 4 SNPs were not significant across
different cohorts. There was no significant sign of imbalanced contribution from different cohorts in

the analysis of PS free and PS total.

DISCUSSION

This study is conducted within CHARGE hemostasis working group. We collected summary data
from 9 GWASs and meta-analyzed 3 phenotypes (AT, PC, PS) through these data. Transethnic meta-
analyses were utilized in AT and PC analyses. In general, we found novel genome-wide signals of AT
level at GCKR, SNX17, BAZ1B and TXNL4B-HP region. (GCKR and SNX17 may derive from same
signal at 2p23.3) GCKR and BAZ1B were identified to be related with PC levels in previous analysis
and/or our sub-analysis of PC. In PC analysis, except for genome-wide signal at rs4665972 (SNX17),

which is in high LD with variant rs11127048 in GCKR, our results were close to previous analysis on



ARIC cohort. We also presented novel genome-wide association found at ORM 1 with PS total and PS

free, which located at 9932 region.

Genetic Findings for Antithrombin

At chromosome 1, 6 genes were identified through genome-wide association signals. These
signals showed significance only in European specific and transethnic analysis. rs557150901 had the
smallest P-value around this region but was in high LD with rs2227624 which is a missense variant in
SERPINCI. SERPINCI has been recognized as the coding gene for antithrombin for decades[4], and
variants at SERPINC1 were found to be related with antithrombin levels[70]. Moreover, rs2227624
was in relation with risk of VTE and DVT[71, 72]We hypothesize that the signal at rs557150901 was
caused by its high LD with signals at SERPINC1. The other four signals in this region were either in
linkage equilibrium with rs2227624 or in weak correlation with it, and their genome distance with
1s2227624 are smaller than the distance to rs557150901 (1,132kb). There was no report of these genes
in relation with AT levels before, and we conceive it plausible that these signals derived from rare
variants located at 1q25.1, especially at known effective gene SERPINCI. Further analysis conditional
on SERPINCI variant is needed to properly illustrate the actual effects of these signals.

Genome-wide association at 2p23.3 yielded findings of two genes in this region: SNX77 and
GCKR. Intron variant of SNX17 rs4665972 was in high LD with rs11127048 located near GCKR. Note
that these 2 associations were not significant in African ancestry. SNX17 codes for sorting nexin 17
(Snx17). No previous evidence was found on its effect to AT level, but recent study have introduced a
discovery on how Snx17 could affect cardiovascular disease[73]. Snx17 was found to be a regulator for
LDL receptor such as LDL-receptor protein 1 (LPR-1)[74]. LPR-1 was found to be a influential factor in
regulating factor V. There was also evidence about the interaction between Snx17 and P-selectin[75], and
the latter is involved in thrombin generation process. GCKR variants was highly pleotropic, its association
with Factor VII[76, 77], Factor XI[45], and c-reactive protein[78, 79] has been found in previous meta-
analyses and GWASs. We also observed its association with PC in our meta-analyses. Some theories have
been raised for possible mechanisms of its association with thrombosis related phenotypes, mainly

depending on its regulation effect on glycosylated protein in liver[80]. Evidence on association between



other hemostasis related proteins or factors and GCKR variants could be a strong support for its
determinant role in the genome-wide association found at 2p23.3.

At chromosomal position 7q11.23, top signal of rs13244268 was intronic to BAZIB, which encodes
the bromodomain protein, and its absence could be related with Williams-Beuren syndrome[81]. This SNP
was found significant in bivariate and univariate GWAS of c-reactive protein and high-density lipoprotein
(HDL) in the study of Ligthart et al[82]. Along with previous findings of association between BAZ/B and
PC level and our similar findings in the analysis of PC, it was plausible to assume the existence of
pleiotropic effects of BAZ1B variants within thrombosis and hemostasis traits. Note that this association
was not observed in our African cohort.

The last genome-wide significant findings of AT level were located at chromosomal position
16q22.2. Top signal rs5471 was intron to TXNL4Band 5° UTR of HP. HP is the coding gene for pre-
protein of haptoglobin (Hp). In the study of Soejima et al, association between rs5471 and serum Hp
level was confirmed in Ghanaian population[62]. Hp serves as the binding protein of hemoglobin,
further affecting the release of hemoglobin from red blood cells[83] Its phenotype Hp2-2 was
investigated to be potential regulator for inflammation and reverse cholesterol transportation[84, 85].
Moreover, in the study of Vormittag et al[86], Hp2-2 was examined to have higher prevalence in VTE
patients. The binding process of Hp to hemoglobin could prevent the generation of oxidized LDL[87]
from the activation pathway of free hemoglobin. Oxidized LDL could increase prothrombinase
activity in vivo[88], and affect the level of Factor VII, IX and XI[89]. TXNL4B codes for the
thioredoxin-like 4B protein. Variants at TXNL4B was also found to be related with haptoglobin
levels[90] and lipid levels[63, 91]. Thus, it is also plausible to be the determinant gene in this region.
In general, these evidences suggested potential role of Hp in the inflammation-induced thrombosis,

and further build plausible pleiotropic effect for the association found in our analysis.

Genetic Findings for Protein C
A total of 5 genome-wide associations were found significant in the analysis of PC. Only 2
associations at PROC and PROCR|MMP4-AS21-EDEM?2 showed significant signal in both ancestries,

and were known associations in a previous study from ARIC European and African ancestries[25-27].



The signal at chromosome position 20q11.22 may represent the effect from both PROCR and
EDEM?2. In ARIC, signals at EDEM?2 were found to be related with the level change of PC regardless
of variants at PROCR. And evidence from conditional analysis along with some biological theory
further indicated the possible role of EDEM?2 in changes of PC plasma level. However, more evidence
is still required for this gene to be a confirmed candidate gene regulating PC plasma level.

Genome-wide association signal rs12740374 found at CELSR2 was only significant in African
ancestry and transethnic analysis. CELSR? is primarily involved in the coding of non-classic type
cadherins.Chromosomal position 1p13.3 was related with LDL-C levels and coronary disease[65].
According to the meta-analysis of ARIC cohort conducted in 2017, rs12740374 which was defined to
be located at CELSR2-PSRCI-SORTI region, showed significance in both ancestries[25]. This study
concluded that the influence on PC levels from CELSR2-PSRC1-SORT1 region could possibly derive from
its regulation toward LDL-C. And evidence of LDL-C being the upstream determinant of PC had been
raised from conditional analysis and mendelian randomization[25]. However, in our European cohorts, this
association was not genome-wide significant, and the frequency of this SNP was still around 0.2 in
European population. There is a possibility that some hospital-based cohorts (MARTHA, LURIC,
RETROVE) had some selection criterion on coronary disease history or diseases associated with LDL-C
levels. But the actual role of CELSR?2 to the PC plasma level remains unclear in European population.

Genome-wide associations at chromosomal position 2p23.3 were within SNX77, and the top SNP
rs4665972 was in high LD with SNPs in GCKR. Similar to previous analyses on ARIC, this association
was not observed in African ancestry in our analysis [25, 26]. It was still unclear of the actual role of these
two genes. GCKR was assumed to have some pleiotropy effect on PC through its regulating effect of liver
glucose in the GWAS on ARIC[25, 26], and other thrombosis related phenotypes[45, 76-80]. There is no
direct evidence of SNX17 being related with PC plasma level, but interesting findings about how its
product protein snx17 could affect the generation of thrombosis were reported before. It was found to be
related with level of LPR-1 in previous study [74]. Gertz and Bouchard[92] found that LPR-1 was
involved in the binding process of Factor V and its receptor, which could further influence thrombin
generation. In conclusion, more evidence was found in GCKR variants but still could not support further
assumption around these two genes about their role in the association with PC plasma level.

We also found signals at chromosomal position 7q11.23 within BAZIB associated with PC levels.



This association was also been investigated by previous analysis on ARIC cohorts[25, 26]. There has been
some assumption of pleiotropic effects within the GWASs on ARIC regarding the finding of its association
with triglyceride levels[26, 93]. Nevertheless, association of variants in BAZ/B and AT levels were
observed in our analysis of European specified and transethnic analysis. This gives a rise of possible
pleiotropic effect of variants in BAZIB. A large proportion of our PC data was from ARIC, and some

overlap of our genome-wide findings on PC is expected.

Genetic Findings of Protein S

The most significant association found at PS was located at ORM 1, which showed genome-wide
significant signals for both PS free and PS total. There were also 2 signals from PROS! and an
intergenic SNP between PROSI and EPHA3. The PROS| is the structural gene coding for PS and has
been previously studied in relation with the levels of PS. Our findings further support this discovery.
Signal at rs566931451 was not in high LD with rs121918472 (D’ =0.4985, 1*=0.1655, Genome1000
European population), indicating that EPHA3 may independently affect the level of PS. But
confirmation of this findings requires further analysis with adjustment to genome-wide signals at
PROSI.

Genome-wide association found at ORM 1 represent novel findings. ORM1 is responsible for

encoding acute phase plasma protein orosomucoid (ORM, also known as a;-acid-glycoprotein,

AGP)[94], which is increased with acute inflammation. The research conducted by M.V Osikov et. al
found that ORM could affect the hyper coagulation pathway and further affect the level of AT and
platelet aggregation during the development of septic peritonitis[95]. In their research, ORM was
examined to produce a positive effect on all pathogenetic components during the development of
thromboembolic disorders. Also, previous genetic results suggested that ORM1 was associated with
thrombin generation potential[69], and the discovery was further confirmed with in vitro experiments.
Although we still lack direct evidence on whether ORM could affect the level of PS with in vivo or
animal research, our results from PS free and total analyses strongly suggest an involvement of

ORM1 in the regulating pathway of PS.



Strengths and Limitations

We hold our most important strength as relatively larger sample size, which is approximately
30,000 individuals with European or African ancestry. We are expected to be more powered compared
with previous studies (e.g. GWASs on single cohort) and could be able to detect variants with lower
MATF by this large sample size. There were several genome-wide association signals found at rare
variants in our analyses. Take rare variant rs2227624 at SERPINC] found in AT analysis as an
example. With 27,783 participants in the analysis, the statistical power to detect such variant with
extremely low MAF (0.063) is estimated as 0.9372. While under the same setting of main effect (beta-
estimate) and phenotype level (mean and standard deviation), the power for an analysis with 9000
(e.g. ARIC) sample would only be 0.0698.The novel imputation panel we used for all cohorts
included in the analyses is also one of our strengths, which has better imputation quality at variants of
lower frequencies compared with previous Genomel000 or Haplotype Reference Consortium panel.
Also, non-European population could be represented better in TOPMed panel.

The major limitation of our study was introduced by the absence of replication analysis. Some of
our findings could be false positive since we used all available data for the primary analysis and the
power of detecting false positives was limited. We provided forest plots of AT and PS genome-wide
findings trying to figure out the effect brough by single cohorts in our analysis. And there was a
significant sign of CHS influencing findings in AT analysis. This should be further investigated by
conditional analysis or other sensitive analysis. Also, to date, mostly rare familial variants have been
found in PROC, PROS1, and SERPINCI genes and we will be underpowered to detected rare
variants, which will lead to false negative findings. There was also some limitation about the absence
of conditional analysis that we lack effective ways to investigate the existence of multiple independent

signals within one locus.

In general, we used summary statistics from nine cohorts to conduct transethnic meta-analyses on
AT, PC, and independent meta-analyses on PS free and total. We report potential novel associations

found at BAZ1B, GCKR, TXNL4B-HP on AT, ORM1 on PS. Conditional analyses are needed for



further confirmation of these findings. Our findings of known association as SERPINC1 on AT,
CELSR2, PROC, BAZ1B, GCKR, PROCR and EDEM?2 on PC, and PROSI on PS further support
previous their role in the regulating pathways of these phenotypes. Moreover, findings on HP and

ORM1 suggest possible novel regulatory mechanisms for AT and PS.
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25 4 »
L ]
~ o
& 20 4
E
(o2}
o
|
el
[
c
(]
(2]
e}
(@]
0 1 2 3 4 5 6 7 )
Expected -logqo(p)
Figure 2. Q-Q plot of transethnic meta-analysis of antithrombin
a
300
[ ]
250 I
S~ 200 I
S
E
2 150 o
o
T ]

100

50

o -1 ey ®at  wEs W a  am
T T T T T T T T T T T T T T T T T T T T T T 1 T
chr 1 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16 17 18 2 22 23

Figure 3. Manhattan plot of transethnic meta-analysis of Protein C



300

250

200 -

150

Observed -logqo(p)

Expected -logio(p)

Figure 4. Q-Q plot of transethnic meta-analysis of Protein C

~logio(p)

Figure 5. Manhattan plot of meta-analysis of Protein S Free

o
I
T T T T T T T T T 1T T

Chr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 20 22 23

~logio(p)

Figure 6. Manhattan plot of meta-analysis of Protein S Total



®

o 15
S’

o

o .

Lo [ 4

I 10 ' 4

®

°

[ [ i
a ’/’
[ e

2 s .

o

0 -

Expected -logqo(p)

Figure 6. Manhattan plot of meta-analysis of Protein S Free

15 o®

Observed -logio(p)

Expected —logqo(p)

Figure 6. Q-Q plot of meta-analysis of Protein S Total



Table 1. Phenotype information of selected cohorts

Antithrombin Protein C Protein S Free Protein
Measure Ancestry - ) .

Mean (SD) Unit N Mean (SD) Unit N Mean (SD) Unit N Mean (SI
Activity EA 9179 110.2(20.9) % / / / / / / / /
Antigen EA / / / 9180 3.2(0.6) Ug/mL / / / / /
Activity AA 2688  115.3(23.1) % / / / / / / / /
Antigen AA / / / 2688 3.1(0.6) Ug/mL / / / / /
Activity EA 9012 102.5(11.5) % / / / / / / / /
Activity EA 681 109.4 (14.1) % / / / 288 101.3 (18.9) % / /
Antigen EA / / / 683 4.2 (1.6) ug/mL / / / 290 99.7 (13.
Activity EA 932 36.32(6.5) IU/mL 919 118.7(20.21) U/dL / / / 932 83.49(26.
Activity EA 890 112.1(13.5)  IU/mL*100 890 115.8(26.6) IU/mL*100 / / / 922 102.7(24
Antigen EA / / / / / / 922 94.7 (23.0) IU/mL*100 911 96.5(20
Activity EA 2705 97.1 (13.4) % 1041 110.5 (22.6) % 1049 101 (27.4) % 1040 118.9 (31
Activity EA 897 102.9 (11.6) % 949 111.6 (24.7) % / / / / /
Activity EA / / / 2136 128.33 (19.55) IU/dL / / / 2272 84.44 (27
Activity EA 399 106.9(13.4)  IU/mML*100 399  127.498 (24.67)  IU/mL*100 / / / 398 109.944 (2
Antigen EA / / / / / / 398 100.6 (21.3)  TU/mL*100 / /
Activity EA 400  107.81(10.8)  IU/mL*100 400  120.49 (23.855)  IU/mL*100 / / / 400 108.3(21.
Antigen EA / / / / / / 400 99.6(21.3) IU/mL*100  / /




Table 2. Main association found in antithrombin meta-analyses

Trans-ethnic

Trans-ethnic

Region Rs ID Variant MAF EA  MAF AA beta (SE) P-value EA p-value AA p-value Closest Gene(s)
1925.1 1s61828917  C/T 0.1262 0.0222 1.14(0.18) 6.33e-10 7.86e-10 0.5151 TEX50
1925.1 1528825469  T/G 0.1695 0.2758 -1.00(0.16) 3.91e-10 1.27e-09 0.1262 ANKRDA45
1925.1 1561826815  T/A 0.1273 0.0214 1.15(0.18) 4.26e-10 5.87¢-10 0.381 KLHL20
1925.1 152227624 A/T 0.0063 N/A 7.52(0.97) 9.49¢-15 9.49¢-15 N/A SERPINCI
1925.1 15190938056 C/T 0.0113 0.0018 -4.28(0.65) 5.25e-11 7.39-11 0.374 RABGAPIL
1925.1 1s557150901 A/G 0.0073 0.0014 -6.89(0.85) 9.50e-16 1.41e-15 0.37 SDCCAG3P2 - ENST000(
2p23.3 154665972 T/C 0.4471 0.0858 1.00(0.12) 4.41e-16 5.0le-16 0.5463 SNX-17|GCKR
2p23.3 rs11127048  G/A 0.4465 0.2902 -0.97(0.12) 1.45¢-15 1.26e-16 0.35 GCKR
7q11.23 1513244268  T/C 0.1400 0.0432 1.14(0.19) 4.01e-9 6.00e-09 0.36 BAZIB
169222 155471 A/C 0.0084 0.1341 9.75(0.92) 4.37e-26 0.02 7.76e-25 TXNL4B|HP
Table 3. Main association found in Protein C meta-analyses
. . Trans- EA p-

] Region Rs ID Variant MAF EA MAF AA s:ll;:;c P- value AA p-value Closest Gene(s)

968 1pl13.3 1512740374 T/G 0.2585 0.2209 7.15e-14 2.1e-04 4.67e-11 CELSR2

299 2ql4.3 151799809  A/G 0.4306 0.3198 1.40e-87 1.07e-80  1.14e-08 PROC

30 2p23.3 154665972 T/C 0.4165 0.0858 3.73e-24 1.12¢-23  0.14 SNX17|GCKR

19 7ql1.23 1534594435 C/T 0.1892 0.0765 4.72e-10 2.05e-10  0.8945 BAZIB

67 20q11.22 111907011 T/C 0.0938 0.0635 2.57e-390  1.40e-33  1.51e-358  PROCR|MMP24-AS21-EDEM?2

Table 4. Main association found in Protein S meta-analyses
Region Rs ID Variant glilez:(fgfpe Dng Beta (SE) EA p-value Closest Gene(s) Status
3qll.1 15566931451 C/A Protein S free 0.0102  29.08(4.16) 2.67e-12 EPHA3-PROSI Known
3qll.1 rs121918472  A/C Protein S free 0.0159  31.17(4.66) 2.30e-11 PROSI Known
Protein S free 0.0883  -8.12(0.89) 1.16e-19
9q32 rs150611042 C/A . ORM1 Novel
Protein S total 0.0160  -6.14(0.77) 1.03e-15




Supplemental Table S1

Ancestry Phenotype Study design Population District/Area Time Genotype measurement
Population-based Men and Women aged North Carolina,
European/African AT, , PC ant P 45-65 years in the Mississippi, Minnesota, 1987-2017 Affymetrix SNP array 6.0
cohort study o
selected communities Maryland
Adults aged in middle Middle and upper
Population-based and Upper . pp Illumina Human Omni Express Exome Bead
European AT . Vinschgau/Val Venosta 2011- .
cohort study Vinschgau/Val Venosta arca of South Tyrol. Ttal Chip.
area of South Tyrol, Italy yroL, taly
. AT, PC ant, Population-based Adults aged over 65 North Carolina, [llumina 370CNV BeadChip/HumanOmnil-
European/African PST act, PSF years in the selected California, Maryland, 1989-2010 .
cohort study o ! Quad_v1 Bead Chip
act communities Pennsylvania
. Healthy sibilings aged
European AT, PCact, Population-based between 14 and 35 from Michigan 2006-2009 [llumina HumanOmnil-Quad v1-0 B array.
PST act cohort study . . L
University of Michigan
397 individuals from 21 HumanOmniExpressExome-8v1.2 (324
AT, PCact, families selected from a individuals and coverage 964,193 variants) and
European PSF ant, PST Family-based study proband with VTE and Barcelona, Spain 1999-2000 HumanCoreExome-12v1.1 (610 individuals
act. PST ant . . .
pedigree size and coverage 542,585 variants)
AT, PC act, Hosnital-based Patients diagnosed with
European PSF act, PST :01?0 s tu; coronary angiography in Southwestern Germany 1997-2000 Affymetrix SNP array 6.0
act Y a care center
People with documented
Hospital-based history VT and free of La Timone hospital [llumina Human610-Quad Beadchip/Illumina
European AT, PC act AT, PS, PC deficiency or . 1994-2012 .
cohort study other coagulation related (Marseille, France) Human660W-Quad Beadchip
status
. Irish individuals aged 18
European PC act, PST Population-based to 28 years attending Trinity, Ireland 2003-2004  he llumina HumanOmnil-Quad_v1-0_B array
act cohort study . . .
University of Dulbin
AT, PC act, Hospital-based case- VTE patients and . Ilumina Infinium Global Screening Array-24
European PC ant, PSF controls from the Barcelona, Spain
control study . v2.0
ant, PST act hospital




Supplemental Materials:

Meta-level quality control and meta-analysis:

For meta-level statistics, we proposed to provide SE-N (standard error against sample size) plots for different meta-

analyses, and deviation from general trend (usually a straight line) could reveal inconsistence of phenotype

transformations between studies as well as problems with imputation, effective sample size and issues could affect MAFs

across studies.. The P-Z (P-value against Z-value) plot would be utilized to investigate study specified computation

problems such as beta, standard errors, and P-value. We also generated effective allele frequency (EAF) plots uncovering

problematic issues of strand and allele coding, which is practical and informative for most SNPs. Subsequently, the

Lambda-N plot reveals problems with inflation of P-values triggered by problems of stratification. Also, problematic

SNPs would be filtered out during the process of quality control and output of EasyQC is cleaned dataset which can be

meta-analyzed directly.

Meta-analysis:

Inverse variance weighted fixed-effect meta-analysis model was utilized to meta-analyze summary data from selected

studies for each phenotype. Summarized coefficients and P-values for each phenotype was presented as the result of

analyses on AT an PS. Genome-wide association significant level was set as 5x10™® initially. Primary focus in our plan

was transethnic analyses across African and European ancestral population. Inclusion-exclusion criteria of the variants

were determined before the meta-analysis was completed. Variants with imputation quality smaller than 0.3 were removed

before the association analysis and subsequently we also excluded variants that had missing value of coefficients,

frequency, and P-value. Also, values would be checked and removed from subsequent analysis. For analyses combining

PC activity and PC antigen level, P-values would be utilized to indicate the association instead of coefficients.



AT [chr1:173611164:CT (rs61828917) (T/C) N=27783]

Study TE seTE
ARICEA (9179) 1.16 0.4648
ARICAA (2688) 1.43 2.1890
CHRIS (9012) 1.28 0.2705
CHS (681) 0.73 1.0970
GABC (932) -0.10 0.5585
GAIT (890) 0.75 09845
LURIC {2705) 182 0.5431
MARTHA (897) 153 0.7840

RETROVEcases (399) 117 1.3770
RETROVEcontrols (400) 0.47 1.1190

Fixed effect model
Random effects model
Heterogeneity: /2= 0%, t°= 0, p=0.57

Supplementary Figure 1. Forest plot for genome-wide signal at rs61828917 in AT analysis

143 [
143 [

116 [0.25;2.07]
1.43 [-2.87;5.72]
1.28 [0.75;1.81]
0.73 [-1.42;2.88]
-0.10 [-1.20;0.99]
075 [-1.18:267] 3.4% 3.4%
1.82 [0.75;2.88]
153 [-0.01;3.07]
117 [-1.53;3.87]
047 [-1.72,267]

Weight Weight
95%-CIl (fixed) (random)

]

E]

L]

(]

0.77; 1.49] 100.0% =
0.77; 1.49] -  100.0%

AT [chr1:173689068:T:G (rs28825469) (T/G) N=27783]

Study TE seTE
ARICEA (9179) -0.98 0.4186
ARICAA (2688) -1.13 0.7408
CHRIS (9012) -1.20 0.2425
CHS (681) -1.67 0.9666
GABC (932) 0.76 0.4837
GAIT (890) -0.67 0.8654
LURIC (2705) -1.73 0.4808
MARTHA (897) -1.19 0.6920

RETROVEcases (399) -0.78 1.2020
RETROVEcontrols (400) -1.16 0.9621

Fixed effect model
Random effects model

Heterogeneity: /2= 47%, 2= 0.2690, p = 0.05

Supplementary Figure 2. Forest plot for genome-wide signal at rs28825469 in AT analysis
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AT [chr1:173725269.TA (rs61826815) (AIT) N=27783]

Weight Weight

Study TE seTE 95%-Cl (fixed) (random)
ARICEA (9179) 1.06 0.4666 —':— 106 [0.14;197] 153% 16.8%
ARICAA (2688) 1.95 2.2260 : 195 [-2.41,631] 0.7% 0.9%
CHRIS (9012) 1.29 0.2685 L 129 [0.76;1.82] 461% 36.2%
CHS (681) 0.75 1.0840 — 075 [-1.38;287] 28% 37%
GABC (932) -0.32 0.5605 —F—i -0.32 [-1.42;0.77] 106% 12.4%
GAIT (890) 0.57 1.0050 = 0.57 [-1.40;254] 3.3% 4.3%
LURIC (2705) 1.82 0.5376 +a— 182 [0.77;287] 115% 13.3%
MARTHA (897) 1.81 0.7850 — 181 [028;335] 54% 6.8%
RETROVEcases (399) 1.03 1.3760 —_— 1.03 166,373 1.8% 2.3%
RETROVEcontrols (400) 1.48 1.1460 ——t— 148 [-077;372] 25% 3.3%
Fixed effect model <§> 1.14 [ 0.78; 1.50] 100.0% =
Random effects model < 1.11 [ 0.69; 1.53] -—  100.0%
| | 1

Heterogeneity: (%= 12%, 1= 0.0537, p=0.34 | I I
-6 -4 -2 0 2 4 6

Supplementary Figure 3. Forest plot for genome-wide signal at rs61826815 in AT analysis

AT [chr1:173914872:AT (rs2227624) (AT) N=22683]

Weight Weight

Study TE seTE 95%-Cl (fixed) (random)
ARICEA(9179) 543 28720 —'—i— 543 [-019;11.06] 11.3% 11.3%
CHRIS (9012) 7.87 1.1550 - 787 [561;1013] T70.0% 70.0%
GAIT (890) 9.08 4.5590 —————9.08 [0.14;18.02] 45% 4.5%
LURIC (2705) 6.01 3.4690 ——n—i— 6.01 [-079;1281] 7.8% 7.8%
MARTHA (897) 8.15 3.8140 — 815 [067;1562] 64% 6.4%
|
Fixed effect model < 7.52 [5.63; 9.42] 100.0% ==
Random effects model <> 7.52 [5.63; 9.42] -—  100.0%
I I 1

Heterogeneity: /2= 0%, t*=0, p =0.92 T
-15-10-5 0 5 10 15

Supplementary Figure 4. Forest plot for genome-wide signal at rs2227624 in AT analysis



AT [chr1:174923610:C:T (rs190938058) (T/C) N=26984]

Weight Weight
Study TE seTE 95%-Cl (fixed) (random)
ARICAA (2688) -7.00 7.8730 : -700 [-2243; 843] 08% 1.0%
CHRIS (9012) -5.99 0.9846 = -599 [-7.92,-4.06] 50.0% 42 4%
CHS(681) -7.12 3.4870 — =712 [-13.96;-029] 4.0% 5.0%
GABC (932) -2.17 1.5640 et =217 [-523; 090] 198% 21.4%
GAIT (890) -4.80 3.1560 —x;—— -4.80 [-10.99; 1.38] 49% 6.1%
LURIC (2705) -3.69 1.9160 —8 -369 [-744, 007] 132% 15.2%
MARTHA (897) -1.42 2.5800 R -142 [-648; 363] 73% 8.9%
Fixed effect model é -4.59 [-5.95; -3.22] 100.0% -
Random effects model ® -4.41 [-5.98; -2.84] --  100.0%
Heterogeneity: 12=11%, 2= 05407, p=034 | I ' '
=20 -10 0 10 20
Supplementary Figure 5. Forest plot for genome-wide signal at rs190938056 in AT analysis
AT [chr1:175046705.G:A (rs557150901) (A/G) N=26303]
Weight Weight
Study TE seTE 95%-Cl (fixed) (random)
ARICEA(9179) -5.93 3.2070 e -593 [-1222;, 0.353] T7.0% 7.0%
ARICAA (2688) -7.72 86740 : =772 [-2472; 928] 10% 1.0%
CHRIS (9012) -7.31 11030 L J -7.31 [-947,-515] 595% 59.5%
GABC (932) -7.85 2.0580 —H— -785[-11.89;-382] 171% 17.1%
GAIT (890) -6.86 42770 — s -686 [-1524; 152] 40% 4.0%
LURIC {2705) -3.80 3.4780 S -380 [-1061; 302] 6.0% 6.0%
MARTHA (897) -3.89 36270 — 1 -3.89 [-11.00; 3.21] 5.5% 55%
|
Fixed effect model <J,> -6.90 [-8.56; -5.23] 100.0% -
Random effects model < -6.90 [ -8.56; -5.23] --  100.0%
Heterogeneity: /2= 0%, t2=0, p=0.93 ' ' ' '
=20 -10 0 10 20

Supplementary Figure 6. Forest plot for genome-wide signal at rs557150901 in AT analysis



AT [chr2:27375230:T-C (rs4665972) (T/C) N=27783]

Weight Weight
95%-Cl (fixed) (random)

1.1% 1.1%

Study TE seTE
ARICEA (9179) 0.89 0.3169
ARICAA (2688) 0.71 1.1840
CHRIS (9012) 098 0.1830
CHS (681) 158 07771
GABC (932) 05103384
GAIT (890) 1.05 0.6551
LURIC (2705) 1.81 0.3580
MARTHA (897) 0.66 05451

RETROVEcases (399) 1.41 0.9301
RETROVEcontrols (400) 0.40 0.7620

Fixed effect model
Random effects model

—

I

Heterogeneity: /2= 1%, t*=0.0027, p=042 |

=3

Supplementary Figure 7. Forest plot for genome-wide signal at rs4665972 in AT analysis

089 [027;151] 148% 15.1%
]

0.71 [-1.61;3.03

AT [chr2:27528596:G:A (rs11127048) (A/G) N=27783]

Study TE seTE

ARICAA (2688) 0.65 0.6894

CHS (681) -1.93 0.7815

GABC (932) -0.65 0.3360

GAIT (890) -0.89 0.6510

LURIC (2703) -1.74 0.3600

MARTHA (897) -0.84 0.5438 —

RETROVEcases (399) -1.51 0.9285 —

RETROVEcantrols (400) -0.62 0.7669 —E—'—
;

Fixed effect model <‘:—-

Random effects model -

!
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Supplementary Figure 8. Forest plot for genome-wide signal at rs27529596 in AT analysis
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