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Rheumatoid arthritis is a common autoimmune disease 
characterized by chronic inflammation. We report a meta-
analysis of genome-wide association studies (GWAS) in 
a Japanese population including 4,074 individuals with 
rheumatoid arthritis (cases) and 16,891 controls, followed by 
a replication in 5,277 rheumatoid arthritis cases and 21,684 
controls. Our study identified nine loci newly associated with 
rheumatoid arthritis at a threshold of P < 5.0 × 10−8, including 
B3GNT2, ANXA3, CSF2, CD83, NFKBIE, ARID5B, PDE2A-
ARAP1, PLD4 and PTPN2. ANXA3 was also associated with 
susceptibility to systemic lupus erythematosus (P = 0.0040),  
and B3GNT2 and ARID5B were associated with Graves’ 
disease (P = 3.5 × 10−4 and 2.9 × 10−4, respectively). We 
conducted a multi-ancestry comparative analysis with a 
previous meta-analysis in individuals of European descent 
(5,539 rheumatoid arthritis cases and 20,169 controls).  
This provided evidence of shared genetic risks of rheumatoid 
arthritis between the populations.

Rheumatoid arthritis is a complex autoimmune disease characterized by 

inflammation and the destruction of synovial joints and affects up to 1% 

of the population worldwide. To date, more than 35 rheumatoid arthritis  

susceptibility loci, including HLA-DRB1, PTPN22, PADI4, STAT4, 

TNFAIP3 and CCR6, among others, have been identified by GWAS in 

multiple populations1–12 and by several meta-analyses of the original 

GWAS13–16. In particular, each meta-analysis of these GWAS uncovered 

a number of loci that were not identified in the single GWAS, leading to 

recognition of the enormous power of the meta-analysis approach for 

detecting causal genes in disease. However, these previous meta-analyses  

have been performed solely in European populations13–16 and not in 

Asian ones. As multi-ancestry studies on validated rheumatoid arthritis 

susceptibility loci showed the existence of both population-specific and 

shared genetic components of rheumatoid arthritis10,17, additional studies  

in Asian populations might provide useful insight into the underlying 

genetic architecture of rheumatoid arthritis, which would otherwise be 

difficult to capture using the studies in a single population. Here, we 

report a meta-analysis of GWAS and a replication study for rheumatoid 

arthritis in a Japanese population that was conducted by the Genetics 

and Allied research in Rheumatic diseases NETworking (GARNET) 

consortium10,12. We subsequently performed a multi-ancestry com-

parative analysis that incorporated results from a previously conducted 

meta-analysis of individuals of European ancestry15.
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Figure 1 Manhattan plots of the GWAS meta-analysis for rheumatoid 

arthritis in the Japanese population. The genetic loci that satisfied the 

genome-wide significance threshold of P < 5.0 × 10−8 (gray line) in the 

meta-analysis or in the combined study of the meta-analysis and the 

replication study are presented. The y axis shows the −log10 P values of 

the SNPs in the meta-analysis. The SNPs for which the P values were 

smaller than 1.0 × 10−15 are indicated at the upper limit of the plot.

http://www.nature.com/doifinder/10.1038/ng.2231
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The meta-analysis included 4,074 rheuma-

toid arthritis cases (with 81.4% and 80.4% of 

the subjects being positive for antibody to 

cyclic citrullinated peptide (anti-CCP) and 

rheumatoid factor, respectively) and 16,891 

controls from three GWAS of Japanese sub-

jects (from the BioBank Japan Project10,18, 

Kyoto University12 and the Institute of 

Rheumatology Rheumatoid Arthritis 

(IORRA)19; Supplementary Table 1). After 

the application of stringent quality control 

criteria, including principal-component ana-

lysis (PCA; Supplementary Fig. 1) for each 

GWAS, the meta-analysis was conducted 

by evaluating ~2.0 million autosomal SNPs 

with minor allele frequencies (MAFs) ≥0.01, 

which were obtained through whole-genome 

imputation of genotypes on the basis of the 

HapMap Phase 2 East Asian panels (Japanese 

in Tokyo (JPT) and Han Chinese in Beijing 

(CHB)). The inflation factor of the test  

statistics in the meta-analysis λGC was as  

low as 1.036, suggesting no substantial effects 

of population structure (Supplementary 

Table 2). The quantile-quantile plot of  

P values showed a marked discrepancy in 

the values in its tail from those anticipated 

under the null hypothesis that there is no 

association—even after removal of the 

SNPs located in the human leukocyte anti-

gen (HLA) region, the major rheumatoid  

arthritis susceptibility locus—thereby show-

ing the presence of significant associations in 

the meta-analysis (Supplementary Fig. 2).

We identified seven loci in the current 

meta-analysis that satisfied the genome-wide 

significance threshold of P < 5.0 × 10−8. These 

included previously known rheumatoid arthri-

tis susceptibility loci, such as PADI4 at 1p36, 

HLA-DRB1 at 6p21.3, TNFAIP3 at 6q23 and 

CCR6 at 6q27 (refs. 1,3,6,10,15) (the smallest 

P = 2.6 × 10−118 was found at the HLA-DRB1 

locus; Fig. 1 and Table 1). To our knowledge, 

the other three loci identified, NFKBIE at 

6p21.1, ARID5B at 10q21 and PTPN2 at 18p11, 

are newly associated (P = 9.2 × 10−11, 1.0 × 10−8 

and 3.5 × 10−8, respectively).

To validate the associations identified in 

the meta-analysis, we conducted a replication 

study of two independent Japanese rheuma-

toid arthritis case-control cohorts (cohort 1: 

3,830 rheumatoid arthritis cases and 17,920 

controls, cohort 2: 1,447 rheumatoid arthri-

tis cases and 3,764 controls; Supplementary 

Table 1). To increase the number of subjects 

and enhance statistical power, genotype 

data obtained from other GWAS projects 

conducted for non-autoimmune diseases in 

Japanese using Illumina platforms were used 

for the replication control panels. For each 

of the 46 loci that exhibited P < 5.0 × 10−4 in T
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the meta-analysis and had not been reported as rheumatoid arthritis 

susceptibility loci1–16, we selected a marker SNP for the replication 

study (Online Methods and Supplementary Table 3).

In the combined analyses of the meta-analysis and the replication 

study, including a total of 9,351 rheumatoid arthritis cases and 38,575 

controls, we identified six newly associated loci, in addition to the 

NFKBIE, ARID5B and PTPN2 loci, that satisfied the significance 

threshold of P < 5.0 × 10−8, including B3GNT2 at 2p15, ANXA3 at 

4q21, CSF2 at 5q31, CD83 at 6p23, PDE2A-ARAP1 at 11q13 and PLD4 

at 14q32 (Figs. 1 and 2 and Table 1). Of these loci, NFKBIE had the 

smallest P value (5.8 × 10−19). Although association with rheumatoid 

arthritis has been described for the CSF2 and PTPN2 loci11,15,16,20,21, 

ours is the first report to our knowledge validating these associations 

with a threshold of P < 5.0 × 10−8. Suggestive associations were also 

observed in ETS1-FLI1 at 11q24, GCH1 at 14q22, PRKCH at 14q23, 

ZNF774 at 15q26, PRKCB1 at 16p12 and IRF8 at 16q24 (5.0 × 10−8 ≤ 

P < 5.0 × 10−6). A summary of the genes in the newly associated loci 

and the results of cis expression quantitative trait locus (cis eQTL) 

analysis of the marker SNPs are provided (Supplementary Table 4 

and Supplementary Note).

Previous studies have reported associations of rheumatoid arthritis 

susceptibility loci with other autoimmune diseases4,10,15,16. Therefore, 

we assessed the association of these newly identified susceptibility 

loci with systemic lupus erythematosus (SLE) by examining the 

results of an SLE GWAS in the Japanese population (891 cases and 

3,384 controls)22 and in Graves’ disease by genotyping 1,783 cases10 

(the controls from the SLE analysis were used for testing for Graves’ 

 disease). We observed significant associations of the ANXA3 locus 

with SLE and of the B3GNT2 and ARID5B loci with Graves’ disease, 

which showed the same directional effects of the alleles as in rheu-

matoid arthritis (P < 0.05/9 = 0.0056, Bonferroni correction of the 

number of loci; Supplementary Table 5). It should be noted that 

relatively small sample sizes in the SLE and Graves’ disease cohorts 

might yield limited statistical power, and further evaluations enrolling 

larger numbers of subjects would be desirable.

To highlight genetic backgrounds of rheumatoid arthritis that are 

common and divergent in different ancestry groups, we conducted  

a multi-ancestry comparative analysis of the present study in 

Japanese and a previous GWAS meta-analysis in Europeans that 

included 5,539 rheumatoid arthritis cases and 20,169 controls15 

(Fig. 3a–c). First, we compared associations in the reported1–16 or 

newly identified rheumatoid arthritis susceptibility loci (Fig. 3a and 

Supplementary Table 6). Of the 46 rheumatoid arthritis risk variants  

evaluated, 6 were monomorphic in Japanese, and all were polymor-

phic in Europeans. We observed significant associations at 22 loci in 

Japanese and at 36 loci in Europeans (false discovery rate (FDR) <  

0.05, P < 0.0030), with 14 loci being shared between the populations. 

Of the newly associated rheumatoid arthritis susceptibility loci iden-

tified in our Japanese meta-analysis, significant associations were  

also observed in the European meta-analysis at the ARID5B and 

PTPN2 loci (P = 1.9 × 10−4 and 9.2 × 10−5, respectively; Table 1). 

Significant positive correlation of odds ratios was observed between 

the studies (r = 0.822, P = 8.1 × 10−11; Fig. 3b), suggesting that 

a substantial proportion of genetic factors are shared between 

9

a

d

g h i

e f

b c
15

12

8

4

0

10

5

0

15

10

5

0

18

12

6

0

18

12

6

0

60

40
0.8

0.5

r
2 20

0

60

40

20

0

rs11900673

rs12529514

rs3781913

rs2306609

rs12530098

rs2233434

rs2841277

rs2582530

rs10821944

rs2847297

rs10028001

rs2867461 rs657075

6

3

–
lo

g
1
0
 P

–
lo

g
1
0
 P

–
lo

g
1
0
 P

–
lo

g
1
0
 P

–
lo

g
1
0
 P

–
lo

g
1
0
 P

R
e

c
o

m
b

in
a

tio
n

 ra
te

 (c
M

/M
b

)

60

40

20

0

R
e

c
o

m
b

in
a

tio
n

 ra
te

 (c
M

/M
b

)

60

40

20

0

R
e

c
o

m
b

in
a

tio
n

 ra
te

 (c
M

/M
b
)

R
e

c
o

m
b

in
a

tio
n

 ra
te

 (c
M

/M
b

)

60

40

20

0

R
e

c
o

m
b

in
a

tio
n

 ra
te

 (c
M

/M
b

)

60

40

20

0

R
e

c
o

m
b

in
a

tio
n

 ra
te

 (c
M

/M
b
)

60

40

20

0

R
e

c
o

m
b

in
a

tio
n

 ra
te

 (c
M

/M
b

)

60

40

20

0

R
e

c
o

m
b

in
a

tio
n

 ra
te

 (c
M

/M
b

)

60

40

20

0

R
e

c
o

m
b

in
a

tio
n

 ra
te

 (c
M

/M
b
)

0

9

6

3–
lo

g
1
0
 P

0

9

6

3–
lo

g
1
0
 P

0

9

6

3

–
lo

g
1
0
 P

0

62.1

14.0

71.9 72.1 72.3 104.3 104.5 104.7 12.6 12.8 13.0

14.2 14.4 44.1 44.3 44.5 63.3 63.5 63.7

62.3

Chromosome 2 position (Mb)

Chromosome 6 position (Mb)

Chromosome 11 position (Mb) Chromosome 14 position (Mb) Chromosome 18 position (Mb)

Chromosome 6 position (Mb)

Chromosome 4 position (Mb) Chromosome 5 position (Mb)

Chromosome 10 position (Mb)

62.5 79.5 79.7 79.9 131.3 131.5 131.7

CCT4

CCDC90A

CLPB ATG16L2

FCHSD2

PDE2A ARAP1

STARD10

RNF182 CD83

COMMD1 TMEM17 FRAS1

C6orf223

C14orf180

C14orf151

ADSSL1 AKT1 PLD4

TMEM179 INF2 SIVA1 KIAA0284 AHNAK2

C14orf79 GPR132 JAG2 BRF1

CDCA4 NUDT14 BTBD6

TMEM63B

CAPN11 SLC35B2 AARS2

HSP90AB1 TCTE1 CDC5L

MRPL14 SLC29A1 SPATS1NFKBIE

ANXA3 BMP2K FNIP1

C10orf107

SPIRE1 PSMG2 SEH1L CEP192PTPN2

CEP76

RTKN2 ZNF365ARID5B

ACSL6 PDLIM4

SLC22A4P4HA2 SLC22A5

LOC441108IL3 CSF2PAQR3B3GNT2

0.8

0.5

r
2

0.8

0.5

r
2

0.8

0.5

r
2

0.8

0.5

r
2

0.8

0.5

r
2

0.8

0.5

r
2

0.8

0.5

r
2

0.8

0.5

r
2

Figure 2 Regional plots of the loci newly associated with rheumatoid arthritis at the genome-wide significance threshold of P < 5.0 × 10−8 in the 

combined study of the meta-analysis and the replication study. (a–i) Regional plots are shown at B3GNT2 (a), ANXA3 (b), CSF2 (c), CD83 (d), NFKBIE (e),  

ARID5B (f), PDE2A-ARAP1 (g), PLD4 (h) and PTPN2 (i). Diamonds represent the −log10 P values of the SNPs, and the red diamonds represent the 

−log10 P values of the SNPs in the meta-analysis. Red color for the smaller circles represents the r 2 value with the most significantly associated SNP 

(larger red circle). The purple circle represents the P value in the combined study. The blue line shows the recombination rates given by the HapMap 

Phase 2 east Asian populations (release 22). RefSeq genes at the loci are indicated below. Genes nearest to the marker SNPs at the loci are colored 

blue (Supplementary Note), and genes implicated in eQTL analysis are colored red (Supplementary Table 4). At 11q13, two genes (PDE2A and ARAP1) 

that are nearest to the SNP selected for the replication study and the most significant SNP in the meta-analysis are highlighted. The plots were drawn 

using SNP Annotation and Proxy Search (SNAP) version 2.2.
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the two ancestry groups17. When the rheumatoid arthritis cases of 

the Japanese GWAS meta-analysis were stratified into anti-CCP– 

positive or rheumatoid factor–positive cases (n = 3,209) and controls  

(n = 16,891), similar results were observed (data not shown). 

Nevertheless, most of the SNPs assessed here are not necessarily causal 

variants, and further fine mapping of the loci is warranted to precisely 

evaluate the shared genetic predisposition between the populations.

Next, we compared regional associations within each of the 

loci and identified unique patterns in the ARID5B locus at 10q21 

(Supplementary Fig. 3). In Japanese, three peaks of association were 

observed (P = 1.0 × 10−8 at rs10821944, P = 5.7 × 10−8 at rs10740069 

and P = 8.5 × 10−6 at rs224311). These three variants were in weak 

linkage disequilibrium (LD) in Japanese (r2 < 0.10), indicating inde-

pendent associations with each of the other SNPs that satisfied a 

region-wide significance threshold of P < 3.5 × 10−5 (conditional  

P = 4.3 × 10−6, 1.7 × 10−5 and 1.8 × 10−5, respectively) (Supplementary 

Fig. 3). In contrast, there was only one peak of association in 

Europeans (P = 1.2 × 10−6 at rs12764378; r 2 = 0.59 with rs10821944 

in Europeans), and no additional association was observed in  

conditional analysis with rs12764378 (the smallest conditional  

P = 2.2 × 10−4), suggesting that the number of independent associa-

tions may be different at this locus in the two populations.

Finally, we conducted polygenic assessment for common vari-

ants showing modest associations to rheumatoid arthritis (those not 

meeting the genome-wide association threshold). This approach has 

been recognized to be a means to explain a substantial proportion 

of genetic risk23. For the SNPs that were shared between the two 

meta-analyses but not included in the validated rheumatoid arthritis  

susceptibility loci, we adopted LD pruning of the SNPs (r2 < 0.3). We 

then evaluated the correlation of odds ratios of the SNPs between 

the two meta-analyses and observed a significant positive correlation  

(r = 0.023, P < 1.0 × 10−300). When the SNPs were stratified according to the  

P values in each meta-analysis, significant positive correlations of 

odds ratios were observed for the SNPs, even for those showing  

modest association (P < 0.4 in the meta-analysis of Japanese or 

Europeans; r = 0.014–0.36 for each P value range, P < 0.005 for each 

correlation test) (Fig. 3c). Correlations (r ) of odds ratios observed 

herein suggest substantial overlap of the genetic risk of rheumatoid 

arthritis between the two populations, not only in the validated rheu-

matoid arthritis susceptibility loci but also at the loci showing nonsig-

nificant associations. This suggests the usefulness of a meta-analysis  

approach involving multiple ancestry groups in identifying additional 

susceptibility loci.

In summary, we identified multiple new loci associated with rheuma-

toid arthritis through a large-scale meta-analysis of GWAS in Japanese. 

Multi-ancestry comparative analysis provided evidence of significant 

overlap in the genetic risks of rheumatoid arthritis between Japanese 

and Europeans. Thus, findings from the present study should contribute 

to the further understanding of the etiology of rheumatoid arthritis.

URLs. GARNET consortium, http://www.twmu.ac.jp/IOR/garnet/ 

home.html; The BioBank Japan Project (in Japanese), http://biobankjp.

org/; International HapMap Project, http://www.hapmap.org/; 

PLINK, http://pngu.mgh.harvard.edu/~purcell/plink/; EIGENSTRAT, 

http://genepath.med.harvard.edu/~reich/Software.htm; MACH and 

 mach2dat, http://www.sph.umich.edu/csg/abecasis/MACH/index.

Figure 3 Overlap of the associations with 

rheumatoid arthritis between Japanese and 

European populations. (a) Forest plots of 

SNPs in the rheumatoid arthritis susceptibility 

loci (Supplementary Table 6). We selected 

the genetic loci that have been validated 

to be associated with rheumatoid arthritis 

susceptibility by showing associations in the 

reports of multiple cohorts or satisfying the 

genome-wide significant threshold (P < 5.0 × 

10−8) in previous studies, including in the  

meta-analysis and replication phases1–16.  

For each of the loci, the most significant SNP 

among those reported in the previous or present 

study were selected1–16. SNPs in the newly 

identified rheumatoid arthritis susceptibility 

loci are colored green. Odds ratios and 95% 

confidence interval (CI) values are based 

on rheumatoid arthritis risk alleles, and the 

SNPs are ordered according to the odds ratios 

in the Japanese study. Several SNPs were 

monomorphic in the Japanese population.  

The odds ratios of these SNPs in the European 

study are presented below. The asterisk 

indicates that an association of another variant 

at the IRF5 locus was reported in the Japanese 

population24. (b) Correlation of the odds ratios 

of the SNPs in the validated rheumatoid arthritis 

susceptibility loci between the two populations. 

SNPs that were polymorphic in both populations 

were used; odds ratios were based on the minor 

allele in the Japanese population. (c) Correlation 

of the odds ratios of the genome-wide SNPs, excluding the rheumatoid arthritis susceptibility loci. Correlations were evaluated for sets of SNPs stratified 

by the thresholds based on the meta-analysis P values in each population after pruning of the SNPs by LD (r2 < 0.3). Correlation coefficient and 95% CI 

are indicated on the y axis. Significant correlation of the odds ratios was observed (‡, P < 0.005), even for the SNPs that showed moderate associations 

with rheumatoid arthritis (meta-analysis P < 0.4 in each population).
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html; R statistical software, http://cran.r-project.org/; SNAP, http://

www.broadinstitute.org/mpg/snap/index.php; NCBI GEO database, 

http://www.ncbi.nlm.nih.gov/geo/.

METHODS
Methods and any associated references are available in the online 

 version of the paper at http://www.nature.com/naturegenetics/.

Note: Supplementary information is available on the Nature Genetics website.
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ONLINE METHODS
Subjects. The Japanese participants in the meta-analysis (4,074 rheuma-

toid arthritis cases and 16,891 controls) and the replication study (5,277 

rheumatoid arthritis cases and 21,684 controls) were obtained through the 

 collaborations of the GARNET consortium (Supplementary Table 1)10,12. 

The meta-analysis was conducted on three independent GWAS (from the 

BioBank Japan Project18 with 2,414 rheumatoid arthritis cases and 14,245 

controls10, Kyoto University with 1,237 rheumatoid arthritis cases and 2,087 

controls12 and IORRA19 with 423 rheumatoid arthritis cases and 559 con-

trols). The replication study consisted of two independent cohorts (cohort 1 

included 3,830 rheumatoid arthritis cases and 17,920 controls, and cohort 2 

included 1,447 rheumatoid arthritis cases and 3,764 controls). We employed 

a case-control cohort of SLE (891 cases and 3,384 controls)22 and 1,783 cases 

with Graves’ disease10. Details of 5,539 rheumatoid arthritis cases and 20,169 

controls included in the meta-analysis in European populations were described 

elsewhere15. All participants provided written informed consent for participa-

tion in the study, as approved by the ethical committees of the institutional 

review boards. Detailed descriptions of the participating subjects are provided 

(Supplementary Note).

Genotyping and quality control in the GWAS. Genotyping platforms and 

quality control criteria for the GWAS, including cutoff values for sample 

call rates, SNP call rates, MAF and Hardy-Weinberg P values, are given 

(Supplementary Table 2). For the subjects enrolled in each of three GWAS, 

we excluded closely related subjects with first- or second-degree kinship, which 

was estimated using PLINK version 1.06 (see URLs). We also excluded the 

subjects determined to be ancestry outliers from East Asian populations using 

PCA performed by EIGENSTRAT version 2.0 (see URLs) along with HapMap 

Phase 2 panels (release 24; Supplementary Fig. 1). Genotype imputation was 

performed on the basis of the HapMap Phase 2 East Asian populations, using 

MACH version 1.0.16 (see URLs) in a two-step procedure as described else-

where25. We excluded imputed SNPs with MAF < 0.01 or Rsq < 0.5 from each 

of the GWAS. Associations of the SNPs with rheumatoid arthritis were assessed 

by logistic regression models assuming additive effects of the allele dosages of 

the SNPs using mach2dat software (see URLs).

Meta-analysis. We included 1,948,139 autosomal SNPs that satisfied quality 

control criteria in all three GWAS (Supplementary Table 2). SNP information 

was based on a forward strand of the NCBI build 36.3 reference sequence. The 

meta-analysis was performed using an inverse variance method assuming a 

fixed-effects model from the study-specific effect sizes (logarithm of odds 

ratio) and the standard errors of the coded alleles of the SNPs determined 

with the Java source code implemented by the authors25. Genomic control 

corrections26 were carried out on test statistics of the GWAS using the study-

specific inflation factor (λGC) and was applied or reapplied to the results of 

our current meta-analysis (Supplementary Fig. 2).

Replication study. We selected a SNP for the replication study from each of the 

loci that exhibited P < 5.0 × 10−4 in the meta-analysis that had not previously 

been reported as rheumatoid arthritis susceptibility loci1–16 (Supplementary 

Table 3). For control subjects, we used genotype data obtained from additional 

GWAS for non-autoimmune diseases or healthy controls, genotyped using 

Illumina HumanHap550 BeadChips or HumanHap610-Quad BeadChips, and 

the cases for rheumatoid arthritis and Graves’ disease were genotyped with the 

TaqMan genotyping system (Applied Biosystems; Supplementary Table 1). 

Selection of the SNP was conducted according to the following criteria: if the 

SNP with the most significant association in the locus was genotyped in the 

replication control panel, then that SNP was selected; otherwise, a tag SNP 

in the replication control panel with the strongest LD was selected (mean  

r 2 = 0.89). For the three SNPs that yielded low call rates (<90%), we alterna-

tively selected proxy SNPs with the second strongest LD. As a result, average 

genotyping call rates of the SNPs were 99.9% and 99.0% for the controls and 

cases, respectively. We then evaluated concordance rates between the assayed 

genotypes by applying these two different methods to samples from 376 sub-

jects who were randomly selected. This procedure yielded high concordance 

rates of ≥99.9%. Associations of the SNPs were evaluated using logistic regres-

sion assuming an additive-effects model of genotypes in R statistical software 

version 2.11.0 (see URLs). The combined study of the meta-analysis and rep-

lication study was performed using an inverse variance method assuming a 

fixed-effects model25.

Cis eQTL analysis. For each marker SNP of the newly identified rheuma-

toid arthritis susceptibility locus, correlations between SNP genotypes and 

expression levels of genes located 300 kb upstream or downstream of the SNP 

measured in B-lymphoblastoid cell lines (GSE6536) were evaluated using data 

from the HapMap Phase 2 east Asian populations27.

Multi-ancestry analysis of the meta-analyses in Japanese and Europeans. We 

evaluated the associations of the variants in the validated rheumatoid arthritis 

susceptibility loci by comparing the results from the current meta-analysis in 

Japanese with those from a previous meta-analysis in Europeans15. We assessed 

two variants in the IRF5 locus, where different causal variants were identified 

in the two populations24. For the conditional analysis of the regional associa-

tions in the ARID5B locus (Supplementary Fig. 3), we repeated the meta-

analysis at that locus by incorporating genotypes of the referenced SNP(s) as 

additional covariate(s). For comparison of the odds ratios of the SNPs, we first 

selected SNPs that were shared between the meta-analyses in Japanese and 

Europeans. Next, we removed the SNPs located more than 1 Mb away from 

each of the marker SNPs in the validated rheumatoid arthritis susceptibility 

loci, except for in the HLA region, where we removed the SNPs located between 

24,000,000 bp to 36,000,000 bp on chromosome 6 because of the existence of 

long-range haplotypes with rheumatoid arthritis susceptibility in this region28. 

LD pruning of the SNPs was conducted for the SNP pairs that were in LD  

(r2 ≥ 0.3) in both HapMap Phase 2 East Asian and Utah residents of Northern 

and Western European ancestry (CEU) populations (release 24). Correlations 

of the odds ratios were evaluated using R statistical software version 2.11.0.

25. Okada, Y. et al. Identification of nine novel loci associated with white blood cell 

subtypes in a Japanese population. PLoS Genet. 7, e1002067 (2011).

26. de Bakker, P.I. et al. Practical aspects of imputation-driven meta-analysis of 

genome-wide association studies. Hum. Mol. Genet. 17, R122–R128 (2008).

27. Stranger, B.E. et al. Population genomics of human gene expression. Nat. Genet. 39,  

1217–1224 (2007).

28. Okada, Y. et al. Contribution of a haplotype in the HLA region to anti–cyclic 

citrullinated peptide antibody positivity in rheumatoid arthritis, independently of 

HLA-DRB1. Arthritis Rheum. 60, 3582–3590 (2009).
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