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Meta-analysis identifies nine new loci associated with
rheumatoid arthritis in the Japanese population

Yukinori Okadal=340, Chikashi Terao®>%, Katsunori Tkari®*®, Yuta Kochil?40, Koichiro Ohmura’,

Akari Suzukil, Takahisa Kawaguchi?, Eli A Stahl”8, Fina A § Kurreeman’~?, Nao Nishidal%, Hircke Ohmiya3,
Keiko Myouzen', Meiko Takahashi®, Tetsuji Sawadal!, Yuichi Nishioka'?, Masao Yukioka'?, Tsukasa Matsubara'®,
Shigeyuki Wakitani'®, Ryota TeshimalS, Shigeto Tohma'7, Kiyoshi Takasugi'®, Kota Shimada'’, Akira Murasawa®,
Shigeru Honjo?0, Keitarc Matsuo?!, Hideo Tanaka?!, Kazuo Tajima??, Taku Suzuki®?®, Takuji Iwamoto®2,
Yoshiya Kawamura?4, Hisashi Tanii?’, Yuji Okazaki?®, Tsukasa Sasaki?’, Peter K Gregersen?®, Leonid Padyukev?®,
Jane Worthington®®, Katherine A Siminovitch®!, Mark Lathrop3?®3, Atsuo Taniguchi®, Atsushi Takahashi®,
Katsushi Tokunaga'®, Michiaki Kubo?®, Yusuke Nakamura®, Naoyuki Kamatani®®, Tsuneyo Mimor?,

Robert M Plenge”-8, Hisashi Yamanaka®, Shigeki Momohara®*!, Ryo Yamada374!, Fumihikc Matsuda®®%3%4 &

Kazuhiko Yamamotoh24

Rheumatoid arthritis is a common autoimmune disease
characterized by chronic inflammation. e report a meta-
analysis of genome-wide association studies (GWAS) in

2 japanese population including 4,074 individuals with
rheumatoid arthritis (cases} and 16,891 controls, foliowed by
a replication in 5,277 rheumatoid arthritis cases and 21,684
controls. Our study identified nine loci newly associated with
sheumatoid arthritis at a threshold of £ < 5.0 x 1078, including
B3GNT2, ANXA3, CSF2, CD832, NFKBIE, ARIDSB, PDE2A-
ARAPT, PLD4 and PTPN2. ANXA3 was also associated with
susceptibility to systemic lupus erythematosus (P = 0.00490),

- and B3GNT2Z and ARID5B were associated with Graves’

disease (P = 3.5 x 10~* and 2.9 = 107%, respeciively). 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 conirpis).

This provided evidence of shared genetic risks of rheumatoid
arihritis between the populations.

Rheumnatoid arthritis is a complex autoimmune disease characterized by
inflammation and the destruction of syncvial joints and affectsup to 1%
of the population werldwide. To date, more than 35 rheumatoid arthritis
susceptibility loci, including HLA-DRBI, PTPN22, PADH, STATS,
TNFAIP3 and CCR6, among others, have been identified by GWAS in
multiple populations!~12 and by several meta-analyses of the original
GWAS*-16 In particular, each meta-analysis of these GWAS uncovered
anumber of oci 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 Buropean populations'®~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 arthritis!®!7, 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)
censortium!®!2. We subsequently performed 2 multj-ancestry com-
parative analysis that incorporated results from a previously conducted
meta-analysis of individuals of Buropean ancestry'®.

2 15 HLA-DRB?|  CCRE
> !
® |
5
é % ., /NFKBIE
D i ARID5E
£ - TNFAIP3
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Figure 1 Manhattan plots of the GWAS meta-analysis for rheumatoid
arthritis in the Japanese popuiation. The genetic loci that satisfied the
genome-wide significance threshold of P < 5.0 x 1078 (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 ~log;g P values of
the SNPs in the meta-analysis. The SNPs for which the Pvaluss were
smaller than 1.0 x 10715 are indicated at the upper limit of the plot.

A full list of author affiliations appears at the end of the paper.
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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 Project!®18,

Kyoto University!? and the Institute of

Rheumatology Rheumatoid Arthritis

(IORRA)Y; 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) 20.01,
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 Agc 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 x 107%. These

92x1071,1.0x 1078

and 3.5 x 1078, respectively).

2.6 x 107118 was found at the HLA-DRBI

locus; Fig. 1 and Table 1). To our knowledge,
the other three loci identified, NFKBIE at

6p21.1, ARID5B at 10g21 and PTPNZ at 18p11,

To validate the associations identified in
the meta-analysis, we conducted a replication
study of two independent Japanese rheuma-

tis susceptibility loci, such as PADI4 at 1p36,

HLA-DRBI at 6p21.3, TNFAIP3 at 6q23 and
CCR6 at 6q27 {refs. 1,3,6,10,15) (the smallest

included previously known rheumatoid arthri-
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

toid arthritis case-control cohorts {cohort 1:
3,830 rheumatoid arthritis cases and 17,920
Japanese using Illumina platforms were used
for the replication control panels. For each
of the 46 loci that exhibited P< 5.0 x 10~*in

are newly associated (P

P
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Figurs 2 Regional plots of the loci newly associated with rheumatoid arthritis at the genome-wide significance threshold of P < 5.0 x 1078 in the
combined study of the meta-analysis and the replication study. (a—i) Regional plots are shown at B3GNT2 {(a), ANXA3 (), CSF2 (¢), CD83 (¢), NFKBIE (e},
ARIDSEB (§), PDE2A-ARAPI (g), PLD4 (h) and PTPNZ (i). Diamonds represent the —log;q P values of the SNPs, and the red diamonds represent the
—logyg P values of the SNPs in the meta-analysis. Red calor for the smaller circles represents the 72 value with the most significanily associated SNP
(larger red circle). The purple circle represents the Pvalue 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 {Suppiementary Table 4). At 11913, two genes (PDE2A and ARAPI)
that are nearest 1o 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.

the meta-analysis and had not been reported as rheumatoid arthritis
susceptibility locil~!6, 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 PTPN2Z loci, that satisfied the significance
threshold of P < 5.0 x 1075, including B3GNT2 at 2p15, ANXA3 at
4921, CSF2ai 5q31, CD83 at 6p23, PDE2A-ARAPI at 11g13 and PLD4
at 14g32 (¥Figs. 1 and 2 and Table 1). Of these loci, NFKBIE had the
smallest Pvalue (5.8 x 1071°). Although association with rheumatoid
arthritis has been described for the CSF2 and PTPNZ locit1:1%16.20.21
ours is the first report to our knowledge validating these associations
with a threshold of P < 5.0 x 1078, Suggestive associations were also
observed in ETSI-FLII at 11q24, GCHI at 14q22, PRKCH at 14g23,
ZNF774 at 15926, PRKCBI at 16p12 and IRF8 at 16¢24 (5.0 x 107°<
P <5.0%1075). A summary of the genes in the newly associated loci
and the results of cis expression guantitative trait locus {cis eQTL)
anslysis of the marker SNPs are provided (Supplementary Table 4
and Supplementary Mote).

Previous studies have reported associations of rheumatoid arthritis
susceptibility loci with other autoimmune diseases®!101%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)? and in Graves’ disease by genotyping 1,783 cases!?
{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 alieles as in rheu-
matoid arthritis (P < 0.05/9 = 0.0056, Bonferroni correction of the
number of loci; Supplementary Table 5). It shouid 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 controls?®
{Fig. 3a—c). First, we compared associations in the reported! 16 or
newly identified rheumatoid arthritis susceptibility loci (Fig. 32 and
Supplementary Table ). Of the 46 rheurnatoid arthritis risk variants
evaluated, 6 were monomorphic in Japanese, and all were polymor-
phic in Europeans. We observed significant associations at 22 lociin
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 Eurcopean meta-analysis at the .
and 9.2 x 1075, respectively; Tabie 1).

of odds ratios was observed between
the studies (v = 0.822, P = 8.1 x 107!1; Fig. 3b), suggesting that
a substantial proportion of genetic factors are shared between
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of the SNPs in the validated rheumatoid arthritis 7513315501 :;XFK 3ptd
o v " " 3 10488631 5 7932 e
susceptibility loci between the two populations. 1874040 FBAS e 5 R
SNPs that were polymorphic in both popuiations 151748013, FCCRPA lg28
p 156822844 IL2:IL21 4927 Thresholds of © value

were used; odds ratios were based on the minor
aliele in the Japanese population. (c¢) Correlation

of the adds 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 (/2 < 0.3). Correlation coefficient and 85% CI
are indicated on the y axis. Significant correlation of the odds ratios was observed (¥, P < 0.008), even for the SNPs that showed moderate associations

with rheumatoid arthritis (meta-analysis P < 0.4 in each population).

the two ancestry groups!’. 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 ARID5E locus at 10g21
(Supplementary Fig. 3). In Japanese, three peaks of association were
observed (P =1.0x 1078 a1 rs10821944, P = 5.7 x 1078 at 1310740069
and P = 8.5 x 1076 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 2
region-wide significance threshold of P < 3.5 x 107 {conditional
P=4.3x107% 1.7 x 107° and 1.8 x 107>, respectively) {(Supplementary
Fig. 3). In contrast, there was only one peak of association in
Europeans (P = 1.2 x 1076 at rs12764378; 1% = 0.59 with rs10821944
in Buropeans), and no additional association was observed in
conditional analysis with rs12764378 (the smallest conditional
P =2.2x 107%), suggesting that the number of independent assccia-
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 2 substantial proportion
of genetic risk?. 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 (2 < 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< 1.0x 107390), 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. 3¢). Correlations {r) of odds ratios observed
herein suggest substantial overlap of the genetic risk of theumatoid
arthritis between the two populations, not onfy 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 summery, we identified multiple new loci associated with rheuma-
toid arthritis through a large-scale meta-analysis of GWAS in Jepanese.
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 eticlogy of rheumatoid arthritis,

URLs. GARNET consortium, http://www.twmu.acjp/IOR/garnet/
homehtml; The BioBank Japan Project (in Japanese), http://bicbankjp.
org/; International HapMap Project, htip://www.hapmap.org/;
PLINK, http://pngu.mgh.harvard.edu/~purceil/plink/; EIGENSTRAT,
http://genepath.med.harvard.edu/~reich/Software htm; MACH and
mach2dat, http://www.sph.umich.edu/csg/abecasis/MACH/index.
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htm; 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
rhenmatoid arthritis cases and 21,684 controls} were obtained through the
collaborations of the GARNET consortium (Supplementary Table 1)1012,
The meta-analysis was conducted on three independent GWAS (from the
BioBank Japan Project!® with 2,414 rheumatoid arthritis cases and 14,245
controls'?, Kyoto University with 1,237 rheumatoid arthritis cases and 2,087
controls'? and IORRA® 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)®? and 1,783 cases
with Graves disease!®. Details of 5,539 rheumatoid arthritis cases and 20,169
controls included in the meta-analysis in European populations wete described
elsewhere!”. 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 guality 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
(Supplementiary Table 2). For the subjects énrolled 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-
where®®. We excluded imputed SNPs with MAF < 0.01 or Rsg < 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 authors?. Genomic contro}
corrections®® were carried out on test statistics of the GWAS using the study-
specific inflation factor (Agc) 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 x 107* in the meta-analysis that had not previously
been reported as rheumatoid arthritis susceptibility loci' ¢ (Supplementary
Table 3). For control subjects, we used genotype data obtained from additional
GWAS for non-autoimmune diseases or healthy controls, genotyped using
Tlumina HumanHap550 BeadChips or HumanHap610-Quad BeadChips, and

the cases for rtheumatoid arthritis and Graves’ disease were genotyped with the
TagMan 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
12 = 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
genatypes by applying these two different methods to samples from 376 sub-_
jects who were randomly selected. This procedure yielded high concordance
rates of 299.9%. Asseciations 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 model®.

Cis eQTL analysis. For each marker SNP of the newly identified rhenma-
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 populations?.

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 Europeans'>. We assessed
two variants in the IRF5 locus, where different causal variants were identified
in the two populations®. 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 region?®.
LD pruning of the SNPs was conducted for the SNP pairs that were in LD
(r?20.3) 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. ef al. ldentification of nine novel loci associated with white blood cell
subtypes in a Japanese population. PLoS Genet. 7, @1002067 (2011).
26. de Bakker, P.l. 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, Popuiation genomics of human gene expression. Mat. 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). ,

doi:10.1038/ng.2231
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HH5E v FHREDOEILER

MHENTWnER,

4 Wright DETF IV

RIS, CMHDERERBOBRIIOCTIIBREED Y ) LA BRIEFEOBEE L RIZIHRED
BICEI 1 D &) 2RO TV, HIL, BEHFHROKEVWS AR E, BEHor
J LEETFRBEE MR EF A S B Wright 122D & 5 REMEHD, REACHEET S5/
A%ﬂ%BOKﬁﬁLTW%OEEEE?<mmmgm®,%Qﬁﬁ?(d@mma,$0V~
v (polygene) THbo FEBEFIIA VT NVHBERIIME - CTEEMAT LI EMNILALT
Hh, REMEZEEZFS TR LELALOBEEIRET 5. ZhbHDEZUOEEEED TEW
@#%ﬁ%?@éoﬁ&ﬁﬁ%ﬁmﬁ%ﬁgﬁﬁ<,%ﬁ%%%%¢%%?%%oﬁU9~yu
E&imw#@ﬁmw%infﬁwﬂln LREDEEFDS B, HED HPRT #{=-F, PRPP
AR EEEIZ T, UMOD BEFREIEED) A2 DBERE LB LTOEE MmO TKL,
NHEDO)Z7TLIVERDL, BEMOHLBEEDIZEALIIEAEZRET 5. FLTRIEND
BED LY R 7 BEMICET AEETRICE 2 2 EQUEMT, B, Stk & OBEEMRAE—
FIZHED o VbW ABRIERIZETAERETH S, FNITHEKL, FhUSDIZEALOREFIE

FEOHIVBEFELER) V- VICET S, VAV HEOBEETRHZR > T2 BEOEEILS
WHLDOD, FHEoTWTHRETHIMEIR Y, INOLORBEIIHEMLTE (complex trait),
F I ZRFRE L FIN B,

s
1=
5l ls
%
B
x| |3
15
%

EVEEF

SRR

H1 BERFHROKZSIZLD Wright DEEFOHEE
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INA FERAT - WO T — 5 — A A4 FEBEADILH:

BIZAMRDOKE S ZRTIB/EO—DH B EFEAEX ) R 7 (genotype relative risk) TH 5,
IhiZU 27 oEeBEFREENUADEEFEOEFDRER FHEORRMZ L HEER
DITHH, INFBVEERZOIRSE . V7Y FHERETER SN TS LEEOKPE
ZF, R)I—rDEFEALITEEFEEST) A2 15582, BlL, V27 BO&EF
HifFoTwTh, TRUSNDOAL LD TR IS BRETAEENBVIITER Y

51, INSDFBFVHROETMEIIZONTIE, BEOMFENZEEIIODVTLERLT
RIS A LENH L. —KIZ, CNODOBREMEMERELDOMEIXr— 2 - 2 bO—LHFRE
CEIHIERRIILD RSB I ENETILAETHE, B, ZHOBELEHOEEDND
ANckED, BEFREHERELTEED F2 ) 2A780) EEFHEP, BEOTLIL (IR
WY AT T L) ODHEDOELZFENICRET 5, BUBENHRSHNIELOEIRE O, KR
ERARICHEIEY, L2L, BUECHHIROBAEFOEIMYTHY, —2OOMFEDKR
DATCHEZMET A LERETHL, Z0 L) ia1d, BHME (replication study) T
RSB IN BB X VBT TENGER & ﬂZﬂO & ODuﬂi%’Lﬁ c W EBESHEEEE T
5 EIIHETH S, pfl%@%ﬂ%@ﬂ;gkﬁb\fﬂi BRSNS EWEE @ L CTEREEES
ERILAD, FIERIE L2720 T 5, £, INOLDOEZIIIBEEL THROTRERE
%?%%Eﬁ%%ﬁiUﬁ%@%%&wﬁﬁ%dﬁwo%ﬂﬁﬁ?&%i?%%va®%%®
EZUCHELTVWA I L TEYFHNERICIVERT LI ELEETH 57, TNAEITTIIRED
HEN L EVRT, DLAINM»SERMES A 5 BT THEICEZWICENH L Z & 21
952 & (validation) DEEUNET A THA I,

5 BELERE 1&55@%&&%%&F‘ﬁf‘ﬁé%i

B RO VIEEERZHEOHLEZRT, K V=2l oW TIXEREORKINE ZEIL

Bl ZaE, PR O FIXERED 1% (@ WRETH A0S, BREOREFHORS, —&
ALY 15 FEHEAE LR T EDbD-TEH, FRIEEEEIT LurbThb, Lird, B

MET) v~ FIREBLEHFIC LT, BERZHBEZFERAELTLA2E I 2L, HETHHA
BROMENZ ETH b, - OALIZESTH, 1% OHRTIHIET HHEBOEED 15% (275 -
TH, TRIEEHFHZIERE IV A2
LAaL., EREOBRWEMMEICZLVEMTH-TL, BHOENL LTHETHLZ NS
s EBOFAEIIHEE L TV b 5 Y BRI EICE R 2 Y USICHE L Tnw b 2 L8
LFLE®a00THA.
BRI BET 2 AN S RDINI L, BEFIIBEE L 2B ZNE AP H S TS, T

o
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BH5E ) U FHREENENERE

b EEEES R L EY RS EES RS EERIE Y,

BEECEESE L L, BREOEGETHERAETABREIIBLTEENERLLL T, HH0V
EEEL R LR TWE) REATH D, EYSHERESLZH L3, BEORETFEERET
LEEVEEOEYRRA LGS, BIEALTR TV, HA0VEFENTIICWE I RERT
Hbh, TOLH)EZHTHNE, BRICEBIIRBLA-BFIL-THERTH 5, flziE, &HE
TR FTVEETHEHFOHEREIELE CHRE L VB CNL LEYNSH725 9, BIfEAN
HRd W) 2B8RFREROBAEILIVEELRESC, HEZRO TLEND A WREEND 5,
BRVBEIZCWE AL, MOEYOERSL, HEOHEELREIIEBZE IR L WERENDH 5.

) 2 1%, Fik o> HLA-DRB ML OBE ) 7~ F ORBEZUEOEEZFHOBREE X, T
HOBEIVEEALSLTWEADNRD LFNb0o TnBENR, T BEY I FOEEDH
PFRETHL KT I 0 F—3 X & SAALBEFEH L OBENHL IR - 7237, &I,
BIRIEDVREVBBADOEEET 0 7)) /= VORIERII DWW TR ENT, Bib, 7a7) /=L
Wk A EEEEEIVER S HLA-B*5801 7 L IVOBE &L X /2%,

6 FEHORIEROREL

BEYWIZEWER RS H L ITERTH o720, TOEBIIFHATH o7z, BLADOERMIIBEHE
EIZ0oWTIE, TNVEYEEORER DD, H5VIEREOEEICL 5D OPAHADEN
%\, 1998 FEIZ JAMA KRR SN A Z SO RIIE RN LD O TH o720 T DFILIE 1966
FH 5 1996 FEIZFER SN2 39 DKREOKEES S OBE EMEOKEL /1 F 7 OEWEHZE OB
FERAIENLTRELZODOTH A, FRICLD EREDABRBEDF CEEDOEWEIEH
DHEIL67% (95% C152~82%), BICHI%BEMWEADEIL032% (95% C10.23~041%) & RFE
Lo, BREICSEITS 1994 F0 XREEDORIVER OFEA AEIT 2,216,000 A, ZICAIE]E
A 106,000 AT, ERAD 4~6FEH LERE S NP, RBEHICL LT ERLUY, T LD
ZVEV)TFRTHE, ZOmILIZHFOESE, EYFOFEFICREZEHF REL26 L7z, &Y
BEOBVEZT TR, BUEILERTERVWIE2HRIIRLZALTH o7,

T, BEYHFEDOFALERTELNEELVIEOMBEL o TWb, EBICMT 7w FE
DEUEEENEIZEAT, DROBVEZIIELNHETH S, LPDEEALRI LI, E8
NEADPEATEREV) ZETH D, BYI L 2BERACENOMBIEMOBY» S 135 2 1EE
DFWMEONTE, CNETERERKEOMU2RLENEHLNIZMA I LIIRHETH 72, L
U, REZFLIZA I —Fy M ETHERAMAMEAZHER, BECEEMIZL, T0XH %
%%%ﬁ@%%ﬁﬁ%%#m&oto
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INA TR - BWHEHMT O T~ 7 — A 4 REHEADISH

EDEAZIRT LD, FIRENZ BT, BEFERITEWIZLLEER %2, TEHIR
DS THIREITINRETH AL VI EZIDPERMII R 72, bEAHA, ERICHENSD D, &l
TERAE CEV LS HFE S NAIVTEEOEY & % 505, MR TIEZ ERMICHS 2 AFIC
io‘iz’f, —OALEWEL B UEAERTILEH N A oVEV) EZPBHBEINDL L H 127
72 (One size does not fit all). ZHAMEGTEEFEOHEEIZKECEEL TV 5.

7 7/ LIEHOEE KA

 F O30 EMOES ) LEHIOEEAY 2003 4 F TIZIZITH 7 L (Human genome project),
SNP (single nucleotide polymorphism) OfFH D EE XML TWwA (JSNP | http//snp.ims.u-tokyo.
ac.jp/.dbSNP | http//www.ncbinlmnih.govw/SNP/) . X523 AEDO T O ¥ f 7OHEHRL EHF
= #17- (International HapMap project) ™. AT ZHEI2 5B F 0, THIPOBEHRITIZ LAY
BB 07N, FOFTRTHFEAT LI5S T CRKE) TH S, HAD KR
BHOERIL T/ LW TH A, FHLdhroTDEdY, THFETEREEY / LN BIER
FFUAT o TE, TN ERLH BRI RAIAALI L LT L, DLo X)) 2%
W2z o, EALERFBERICHEET S L HIFELLEA > T b,

K TIEAFECE B0 B B BLE R E) % i 7. K[E FDA | XY DRELD /D1 FDA

X LTF= R RERTR0OOT AT ADRT T M RERL, BRILY /LT EEL T
ERHEEL WS (http/www.fda.gov/cder/guidance/5900dft.pdf) s ZHLIZ X V), BYHOERE
HTIHBBIIBWTHEADOBEZEFREZTIENHENIILZD2OH 5,

8 bBEMNF/LSBIZERKICAT 5 /-ONDRESR

VA LSRR BRIGCET 5700 = D0MBE A

O EHZEZFESIAEST
2 OMEMH I YT A DOMEEM
3 BRICHOEE

THhrb, 10O, FHEEZEBEFHS AL 7200 T, BIE, DNAF v 72X A HE, 4 r~N—

¥—yE, E—= 2, TagMan ELR EL2 MO FEVPFEET LT 1002 IEETIE R v, #
L WERBAD S A P THIEMBEE L 5wy, ZHOEND S 4 ¥ 7% % Bo i

WZDWTITH T 88, WlMes 4 725 —THHIMEL L. 5180 VO FHEEE EIZH
Mragizm b3 h & &b, BEMEITFIIZIAE Y VI 28 HBL, Moz En vk
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B58 )< FHEROBEILER

SICEET AUNED Do
@OMBILYT /) 25 RERBRHOMEICET ALY TV AQEOMBETH b, 51 K7 IHE
SUEREELTY, BEEE Y ASHOMEEHEN TR EOH KB EBLODT, &
HEREHASE LR EEP R IT LR b, 2 ASEIT L ) S TERZHL LT,

BBV L N CHEEIIC RS A ENHL LA ERTERT S LIIZET Ly, LaL,

BEEEROTITE CRBRVHEEIL 25 DI Tl ke EBID, S ORBIMERERE L EST, I+
ELDPTTCRETEIDCTH b, ERHOEBRTHRTESL LS 2L EVYTH L EPFTID
HERETIE R Ve T LA, BERIIZEVIELDLDTHSHIES HLHRRT 5o &2
(validation) X¥ITHBo SO L) %Y/ 2B EFE L EFFO—RYEEL LT, @)

BT — & OE, (b) +8%T Y TAFAX, () BEESNRHREART R TH D, SN
BOVTNARITTOHLEETCE My HETIERTE 20,

BT, WAL BMOSHER (% OBEa1E SNP) & Ay CHEMIF 27 Bart+onkE
VB TH B, — 2D SNP IZEET 5 BEDF # X Fisher O IEFEER Pearson @ x ZF 5 H % F
F LM EORETITDIAZ SV, ZREOMEITL D PEA 005 & N /AS T
BEMES ) LR EN D, UL, S5O SNP BT IZ0 T RO MBI 27212, +-
TOEEGAEAE TP 5% DEE TP 005 B FE R b, SNASERE (SER
%) OMETHD, ZOMEORIIES TV, BLRFHNE (BERLED BEHIHIC
\») Bonferroni DHIEENBEH LML, ZHEFIZIEn BOSNPIZOWTHREERIT) & T
2L, fl%DSNP DREIZOVTHEKES 005/n £ LTREEFT) £V bDTHEB, L
L, EE213 Bonferroni DI 4179 L BEIRFHLERIEONL 2 EHFMONT VB,
H1h, EBICHMA D B HEIC b AEENHEVBENS . SNEBET 57012, FDR (false-
discovery rate) BV A HELR ERBI N TV 5,

$ 70, WO SNP ASEROBIRIIH 5 &, 0 SNP & B RBERITICIZN T8 [ T %
B LB LETH L, ERICHEHSEY 9 FBEEA LT 795 Y VOEWERII N T ¥ 4
FHBEF B E AR o TV HEY, SEREOMELBRLEY, ATTY [ T ET
AT % 5720\ MR A N B 5, SI LB ORI L MRS ETH D, S0 LD BIERLE,
FEHRAT ORI HATRBRICBVZ L AMETH 5. R4 FZO LI ZMECHRT 5720
DFZTNT) XA EFERL Twb (LDSUPPORT®, LDPOOLED*, PENHAPLO®*,
QTLHAPLO™) . SHOEYMERETOEBETE L EELFo - SHBERONEL N T T 5
4 TEF I RIZERT THARTTDNA®,1,000 BLUEDOKRT V5 4 7 X D RB 2RI, 752
AN 200 P o BB E B R F12D W T 4,000 Bh £ SNP BAIOERABEEN & 77— 7 XN— 2
ELTRESN TS (EEXFERKSE, BILFHER, 770~ - A=y T - ary—=27
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INA FRIT - BT O T — 5 — X 4 REHEADILH

L, http://www.jpma.or,jp/psc/l] data/indexhtml) s N7 05 {4 T ORBFEIIOWTHLEERS
nTw e,

FIZSOBRKRICHADEWEDEENBOTEETH D, (a) & (b) OMBE»MHRL, #IZH
SHEERREOBENIHEI 25728 LTH, FRANERICHBREAOMIEL D 55 % £5
LULEND D, BIRD LI, EERZW T/ LG MAICERIRBELLCEEIF AT A A
Doy MEEZIZO G, BEZSW G ETRERIEY / LEWE T AT ARESSHBREBRT AT
BN H B2, BAVBO TERVEETRETZIWREENH 2ERIZOVT, TORTHEHEET X
FEAIWEETZITNE RO v, BIAD LA, 1% OBETRETAUEEOFELER
m%@%ﬁﬁﬁﬁfé:&ﬁb#oﬁtLT%%AMXUv%@ﬁ&h@ﬁw#6ﬁﬁéo%
DT ALEERICHTAZLIZEIN EOBREOHEREZED 2 ) v FIFTE 502 BEHIF LI

LR AL END L,

9 BN/ LBEETF-45BKRICET /-HO0OO0—-NvY v

FAlE PROE L7 A SR ABREHT 5700 =0 OMBEEFHBiRT 5720, LR A
SHF—§ R HEREAT 00T — K2y 7B LT V5, |
i,
(1) E4A#mEaFES B, HBREICL D EEERIC LV ERUIRL L L HEHS
naok
(i) FORERIPIITOY TNV THERINSL Z &
(i) FNESE S LEREERCISAT 5T VT XL WHTE, ERSAOHRY
BEARTHLETFHSNE D E
THHY, SOLI RhEEE, THEIGIEFY ADERESESNS 2L 2B Cmol, 2612
BIEFY Ado>ThBEICHBEDECERENAL o0 b RELETH A,

10 {ERMEEZEICEET 5K 2DEHHA

BER) 7w FBELY 5 —TIE2005E75UTO4HEBIZOWTHEHEY v FREIIHL
THEBLERZ G L. HE G

(a) aMTHFRBIEFDCO77 T AN L O A M ML FH—F (MTX) QBIEH%E FRIT 5
(b) MTHFR #fzF» A1298C LRI L h MTX OLEHE% FiHl$ 5

(c) NAT2 BIZADN7Tu s A TIZED AN T 795 Y OBWEM%Z FHlT 5
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FOH5E ) FHRBOMELER

(d) SAAL1EEFO-13T/CEBIZLD 7 I0f F—Y 2ADORELXFHTS
TH %o | |

RIOET, e br/ aGBF— s 2 BERICATA7Z000—Fxy 72 LT, (1) (i) (i)
DEZDDULEEHEE T, BRAGIO=ZD0DEHEX 7Y TThHL-OMEL2EDTET, 18
WMETEDLLI o727 REIEIMLERDOERICHA RO D TH b,

Y, ®kxix (@) DCTTTEME MTX OEER OB, (b) ® A1298C %R E MTX
VEFEOBHyIME LY, /-, (o) ONAT2E&GEFONTOs 4 TOBREEALT 7H
5T ORWEROBBEIZ D THRE L, SAAIBEETEHREERETIof F—2 20&H#O
BB DWTHIELAS®T, ThiZLY, (1) OFHFIE (@) ~ (A OTRTHHEHIZOW
Tr T L7z KIZ, F4lx, (@) (b) (¢) ®3HEBIZOWT, MY v TV THERT S
TEWZHI LY, Lad, IRGIZOWTIREALUAND IV —Th 6 8 FHEOHEN SN T
VB, (d) 1DV TE, BHERTOHDO V=TI L AHETHER ST DY, RED
(i) DEBIZ2WTOFMICOVTIIBRZ 2% Bz, (¢) ONAT2BEZFONTEY A
7azw7?%ﬁ§y@ﬁ¢%twﬁﬁuomf@,ﬂ~7u747%%7Wjqu%wui
D, NAT2D I Ry 54 Tnn7ay 4 TEHBENgEE, AV7 7379V v Of5RIEZE
L] EW3 TV ZAA8FELTVS,

INFET, A FOBEIMLEEEZRB L%, HI100RIICh 5, FOFRAENEC
RIBENTWD, BI2IE, () DAVT 745 Y OEER % NAT2 BEFONTUS 4 7T
FHITH, EHIHEBIZOWT, TOTALITY) AL EBEBEIGHERTNWEANT 757 Y OESE
BIfERZ 0L TICTE 52 EAVRE ST,

11 &

W oD T FHERET, RERZHICHEET L AEMPHREINT VL, T2, &
YIRS CRES 57/ A2, BHHER JEWCHEEST AT/ ALRPREREIN TS, 4T
70 LERIERICEDSO AN LER BB T A o0 BEEHEREL 0 — Py T2 R
LTwh, ZHUIEDVT, REZFEHMREZTIEIERIIA L FT - ORIFHELERE
ANT 7Y ORIWER, &HET 3 D(%“/XL@E?%#/A%ﬂ%ﬂﬁbfﬂﬁﬁﬁ
%%@%LtJ7/A&mbﬁowt@%%EE®m%kib,ﬂﬁﬁ@ﬁﬁ%ﬂ%@%ﬁfk
DREDHTEHEL DAY v "D EAHETE B,
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1. o/ LiE%k

—Z DSTHIEENDEE—

(BREH Y~ D1 VERRITAER BREL

1 T/LEER, ERECORRF

7/ L(genome) &1L, b & b & Winkler A%
gene (B 1ZF) & chromosome (F: B.1K) % #F & &
7o EEE LTER LD TH A, BWET
XHFENED, BEETAEROT VLY MEE
BRY B I EAE . IS IE R EE L L THE
maNnon, mAETEECDEDOES ) LB
WEHSN o CELDT, 7/ LEFZFDY
DET /) hbn)TELELhoTWD, &ill
TFILEV)ZEEXNEHEND LIk oT
eI, BEFew)ZEET, EEZT5H1E
WOFTRC2ECOIIRETH L Ebh o/
EBHAE EBEERI-FLTCWAEE(Z Y
VEET LR 2% LTS ES, a-—
FLTWRWEE (> barizE)bEArrE
EFOFERL20~30%EBETHEL F07:
o, BEZFUNOEETRT HEET EATZEET
Y NEERIENSL ot

T LEWH) T EIREABHEDERTH B
A SEAAE AT (germline) 720 Tid 7% <, KA
DEETH, 7/ LETNIIET A EHRIZOE
Bansd, 7-& 2 BEMEOT 7 LEINEAR A
O ETEMBE RS LECT BRE L TR~
FELEZLH #oLH I CHREZEBL TE
bORWIFERL T/ LERE LN S (28 2
3, BEBES  Lar =37 A (ICGC))”.
L7 L, DNA TH > T M TER L7 DNA
2, mRNA * AW THEEBEZIZL DA/ L
72, 72EZIEDNA XY / L Eid X il v,

— 152 —

70 LR ATCG D 4 FEEDLET, b
NTIERH30ELTEH L. ZO30BLFEIL23
BEOEREHEQ2EOFEEE, | DOMREE
RPN TEDLPN TS, TP HIIE
KOPEHABLOIZIZ, TOLErBEORKE S
(Iem 23 XF)TECEEEP 2 —3F—7
WET A EEMNIETATHEY. 7F Lk
WITXBEDPOMI0BEONTO AL T/ 4A),
BHEPHRH0EEDOX 7 LA F FIERIFFIC
b, ZLTFOENTHAEZES, &
Z (mutation) 2’ X /29 2 TROHRKIZ 30 &
BAOERBTF T, IICA>TIEZ LA,

BT EINDOZREIZ L DI TE, Z D
IZ30BEX2D7 /) LERIP A>T 5E
R B L DIRMRL L oo DT ZHEIN & 1
EAERUET / LEHRT 00, REIEES
ERLBELDMIBLH S,

70 LEROEERMEIE, FNAIT LA LK
—, KERIZEDLAFEREVIZETHE. 2
£ ZIEmRNA, BEARZ EIIRERIZEDLSL D
R, 2L, T AEHROFE I mRNA
LEEDEBRNE I NS0, KRERTL
O mRNA, EEVERIN5.

T LNERIEZO LY IZEIIB W TERN R
B THLI D, EESCERMERFIZSVTHERA
nERIERTRET I LHFI TS
JLTERPERIIEE Y RITT 2D
mRNA, &H, /Mo, g, s Efewv
VBELNIWEBLLMRPLETHLLEEZD
N5, 7-& 242 1 BERREERDZ 7



