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Japan Pharmacogenomics Data Science Consortium (JPDSC) has assembled a database for conducting pharmacogenomics (PGx)

studies in Japanese subjects. The database contains the genotypes of 2.5 million single-nucleotide polymorphisms (SNPs) and

5 human leukocyte antigen loci from 2994 Japanese healthy volunteers, as well as 121 kinds of clinical information, including

self-reports, physiological data, hematological data and biochemical data. In this article, the reliability of our data was evaluated

by principal component analysis (PCA) and association analysis for hematological and biochemical traits by using genome-wide

SNP data. PCA of the SNPs showed that all the samples were collected from the Japanese population and that the samples were

separated into two major clusters by birthplace, Okinawa and other than Okinawa, as had been previously reported. Among 87

SNPs that have been reported to be associated with 18 hematological and biochemical traits in genome-wide association studies

(GWAS), the associations of 56 SNPs were replicated using our data base. Statistical power simulations showed that the sample

size of the JPDSC control database is large enough to detect genetic markers having a relatively strong association even when

the case sample size is small. The JPDSC database will be useful as control data for conducting PGx studies to explore genetic

markers to improve the safety and efficacy of drugs either during clinical development or in post-marketing.
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INTRODUCTION

Serious adverse drug reaction (ADR) is one of the major problems in
clinical medicine. The occurrence of serious ADRs such as serious skin
rash (Stevens–Johnson syndrome and toxic epidermal necrolysis) and
drug-induced liver injury (DILI) is quite rare (that is, 1 × 10− 3 to
1× 10− 6);1,2 therefore, they are not often recognized during the
development of new drugs. In fact, some promising new drugs have
been withdrawn from the market because of serious ADRs that
occurred in the post marketing phase.3

Pharmacogenomics (PGx) has been recognized as an important tool
for exploring the genetic factors associated with the efficacy and safety
of drugs. In particular, many relevant genetic factors for serious ADRs
have been discovered through the PGx approach. They include HLA-
B*57:01 for abacavir-induced hypersensitivity,4 HLA-B*15:02/A*31:01
for carbamazepine-induced Stevens–Johnson syndrome/toxic epider-
mal necrolysis and HLA-B*58:01 for allopurinol-induced Stevens–
Johnson syndrome/toxic epidermal necrolysis.5–8 These associations

were initially identified by the candidate gene approach; however,
genome-wide association studies (GWAS) have been widely applied
for the screening of genetic factors for serious ADRs.
One of the major practical problems in exploring genetic factors

for a serious ADR is the difficulty in collecting DNA samples due to
the rarity of the serious ADR. To overcome this problem, Drug-
Induced Liver Injury Network (DILIN),9 EUDRAGENE10 and
DILIGEN11 were established in the United States, Europe and United
Kingdom, respectively. In this framework, International Serious
Adverse Events Consortium (iSAEC)12 identified the genetic marker
HLA B*57:01 for flucloxacillin-induced DILI in collaboration with
DILIGEN.
From the statistical viewpoint, sample size is an important factor in

GWAS analysis to achieve a strong power; however, genetic markers
associated with serious ADRs can be often detected with a small
sample size because of a rather large effect size of the marker. Nelson
et al.13 showed by simulation that the HLA-B gene region could be
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identified with as few as 15 cases and 200 population controls in a
sequential analysis.
Although there has been a progress in the development of databases

including HapMap Project14 and the 1000 Genomes project,15 those
databases are not appropriate as control data for Japanese PGx studies
because the number of Japanese in these databases are small. To
construct a qualified control database for Japanese PGx studies, the
Japan Pharmacogenomics Data Science Consortium (JPDSC) was
established in 2009 by six pharmaceutical companies, including
Astellas, Daiichi Sankyo, Mitsubishi Tanabe, Otsuka, Taisho and
Takeda. As a result of the project of the consortium, JPDSC database
was established, which contains genotype data obtained from Illumina
HumanOmni 2.5–8 and HLA typing kit from 2994 Japanese healthy
individuals. In addition, the database contains 121 kinds of clinical
information. As a result of the initial analysis, we report a more precise
structure of the Japanese population than before and the size of the
problem of performing PGx studies without the knowledge of the
population structure of the Japanese.

MATERIALS AND METHODS

Samples
This study was approved by the ethical committee of JPDSC. Genomic DNA
and the corresponding clinical information from 3006 healthy subjects were
used in this study after obtaining written informed consent from all
participants.
DNA and clinical information from 997 healthy volunteers were the same as

those previously reported.16 The collection of those samples, which was called
as the first phase, was performed in the Tokyo Women's Medical University as
part of a project of the Pharma SNP Consortium (http://www.jpma.or.jp/
information/research/psc/).
The rest of the samples were obtained from 2009 healthy volunteers as a

project of JPDSC (the second phase). In this project, the samples were collected
from 10 geographic regions in Japan as shown in Figure 1. Sample collection

was performed after adjusting the sample size to the population ratio to
represent the Japanese population structure. The study plan of the collection in
the second phase was shown in Table 1. In particular, the sample size from
Okinawa was higher than the expected population ratio17 because it was well
known that the genetic variations in Okinawa are different from those in the
other regions in Japan.18 Moreover, the sample collection was performed such
that the male-to-female ratio was 1:1, and three age groups (20–29 years, 30–39
years and ⩾ 40 years) were 2:2:1, respectively. The 121 variables of the clinical
data collected from all the observed subjects are available in Supplementary
Table 1.
During the second phase, the samples were collected based on the place of

residence of the subjects in each region. As the birthplace is very important in
genetic studies and the genetic features of the residence place and birthplace are
not necessarily the same,18 the birthplace data obtained from the questionnaire
were used instead of those of the residence place in our present study. In
Table 1, the collected size and adjusted size are corresponding to the number of
persons deduced from residence place and birthplace based on the ques-
tionnaire. Note that the birthplace data for the 997 samples of the first phase
were not obtained, so the birthplace of those samples, which were collected in
Kanto region, was assumed as Kanto.

Genotyping
The extraction of genomic DNA from peripheral blood was performed by SRL
Co., Ltd. (Shinjuku, Tokyo, Japan). The quality of the genomic DNA was
assessed by electrophoresis on agarose gel and optical density measurements.
The genotype data were obtained using HumanOmni 2.5-8 BeadChip Kits
(Illumina, San Diego, CA, USA) according to the manufacturer’s protocol. Five
HLA loci (HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DPB1) were
genotyped using the Luminex assay system and HLA typing kits (WAKFlow
HLA typing kits, Wakunaga, Osaka, Japan; or LABType SSO, One Lambda,
Canoga Park, CA, USA). The details of HLA genotyping and its application
were previously described by Nakaoka et al.19

Sample quality checks
For all the samples, the quality check of the genotype data was performed
according to the following criteria. The sample call rate was defined as the

Figure 1 Geographical regions of Japan. The 2994 Japanese individuals
were divided into 10 regions according to their hometown: Hokkaido (119),
Tohoku (220), Kanto (1183), Hokuriku (119), Tokai (308), Kinki (336),
Chugoku (183), Shikoku (112), Kyushu (298) and Okinawa (116).

Table 1 Summary of the numbers and proportions of the subjects

included in the study and the data of the Japanese population

released by the Japanese Ministry of International Affairs and

Communication

Collected

samples
Frequency

Region

1st+2nd

phase JPDSC a (male/female) Japan b (male/female)

Hokkaido 120 4.00 (48.70%/51.30%) 4.30 (47.30%/52.80%)

Tohoku 200 7.30 (52.30%/47.70%) 7.30 (47.90%/52.10%)

Kanto 1197 39.50 (41.20%/

58.80%)

33.30 (50.00%/

50.00%)

Hokuriku 115 4.00 (50.40%/49.60%) 4.30 (48.30%/51.70%)

Tokai 310 10.30 (52.30%/

47.70%)

12.70 (49.50%/

50.50%)

Kinki 430 11.20 (48.20%/

51.80%)

17.80 (48.20%/

51.80%)

Chugoku 160 6.10 (54.60%/45.40%) 5.90 (47.90%/52.10%)

Shikoku 85 3.70 (44.60%/55.40%) 3.10 (47.30%/52.70%)

Kyushu 280 10.00 (49.70%/

50.30%)

10.30 (47.00%/

53.00%)

Okinawa 109 3.90 (50.90%/49.10%) 1.10 (49.00%/51.00%)

Total 3006 100% 100%

aPercentage of subjects in each region in the adjusted samples used in this study.
bPercentage of the subpopulation in each region from the Japanese population data.
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proportion of the called genotypes among all the genotypes present in a DNA
chip. The samples with sample call rates o0.99 were excluded. The frequency
of heterozygous SNPs in the probe sets on the× chromosomes was calculated in
each self-reported man. A self-reported man with the heterozygous genotype
rate 40.1 and with the genotype of SNPs on the Y chromosome was excluded
from the analysis. In contrast, the frequency of heterozygous in the
X chromosomes was also calculated in each self-reported woman. A self-
reported woman with the heterozygous genotype rate o0.1, and no genotype
of SNPs on Y chromosome was excluded from the analysis. For checking the
mixture of several identical individuals, the identity by descent between each
pair from all the samples was also evaluated as the proportional number of
alleles shared identity by descent. Samples with a score 40.8 were excluded.

Population structure
The population structure and the homogeneity of the samples were also
evaluated by principal component analysis (PCA) by using 174 Utah residents
with ancestry from Northern and Western Europe (CEU), 176 Yoruba residents
in Ibadan (YRI), 86 Han-Chinese (CHB) residents and 89 Japanese residents in
Tokyo (JPT) genotyping data found in the HapMap database (version
HapMap3 Public Release #3, released by the international HapMap consortium,
2003) as previously described, and the samples that did not belong to the
Japanese population were excluded.
The differences in the genotype distribution for 10 geographic regions were

also evaluated by the results of PCA, by using JPDSC, JPT and CHB samples.
The tag SNPs in each block were selected under the linkage dis-equilibrium

coefficient r2⩾ 0.8. The SNPs that were in common between our data and
HapMap were also selected.

Re-genotyping
Using the samples that passed the quality check, the genotypes of all SNPs were
re-called by the software GenomeStudio (Illumina).
After re-calling the genotype, the quality check process was repeated until no

more samples were removed.

SNP quality checks
SNPs used in the population structure analysis and the GWAS were selected
according to the following criteria: SNP call rate, not o0.95; minor allele
frequency, not o0.01; and P-value for Hardy–Weinberg equilibrium test, not
o0.001.

Replication study of previous reports
Replication study was performed for 10 biochemical and 8 hematological traits,
whose associations were previously reported in Kamatani et al.20 To evaluate
the association between a trait and the genotypes of SNPs, a multivariable linear
regression model was used by incorporating age, sex, weight and height as
covariates as in Kamatani et al.20 The significance of the association between a
trait and genotypes was evaluated using the Wald test.

Software
Quality check of genotype data and samples, the estimation of IBD and the
association test by linear regression were performed with PLINK software
version 1.0.7 (PLINK, Cambridge, MA, USA).21 For the evaluation of the
population structure, EIGENSOFT software (EIGENSOFT, Cambridge, MA,
USA)22 was used. The Manhattan plot was drawn using the Haploview software
version 4.2 (Haploview, Cambridge, MA, USA).23

RESULTS

Sample and SNP quality checks
The 2994 samples out of 3006 were acceptable. The details of the
results for sample quality checks are described in the Supplementary
Information. The PCA plots for population structure were illustrated
in Figure 2 and Supplementary Figure 1.
We also checked the genotype quality using SNP call rates, minor

allele frequency (MAF) and goodness-of-fit for the Hardy–Weinberg

equilibrium (HWE). The process and results are summarized
in Table 2, Supplementary Table 2, Supplementary Figures 2–4. After
all these quality check, 1 333 978 SNPs and 2994 samples were used for
GWAS analysis.
The JPDSC data (the allele frequency data from about 1.4M SNP of

all 2994 Japanese healthy volunteers and each birth place region) are
now available in the National Bioscience Database Center, http://
humandbs.biosciencedbc.jp/.

Population structure
We investigated the population structure of the JPDSC samples by PCA
and compared the results with the self-reported birthplaces (Figure 2).
By the PCA, the JPDSC samples were separated into two major
clusters, the Ryukyu and the Hondo clusters as denoted by Yamaguchi-
Kabata et al.18 The present study, unlike the previous study, included
the residents in the Chugoku and the Shikoku regions (Figure 2). In
addition, unlike the previous report, the residents of Tokai and
Hokuriku regions were separately analyzed in the present study. The
distributions of the plots for the previously reported regions, that is,
Okinawa, Kyushu, Kinki, Kanto, Tohoku and Hokkaido were essen-
tially the same as the previous report.18 We found that the plots for the
Shikoku residents showed a similar pattern as those for the Kinki
residents that was deviated from the center of the Hondo cluster
toward the Han-Chinese cluster from Figure 2. The distribution of the
plots for the Hokuriku residents was different from the Tokai residents
but was similar to the Kinki residents. The plots for the Chugoku
residents were distributed almost in the center of the Hondo cluster,
and deviated toward neither the Han-Chinese cluster nor the Ryukyu
cluster. It is of interest that the plots for Tohoku, Tokai and Kyushu
residents were deviated from the center of the Hondo cluster toward
the Ryukyu cluster. From these results, we may be able to speculate that
some people came from the Asian continent to the Japanese islands
where older ancestors of the Japanese had resided. The people currently
living in Kinki, Tokuriku and Shikoku regions may reflect more
intensely the genetic factors of the new comers, and the people living in
Chugoku region may be a mixture between the two populations.

Replication study
Supplementary Table 3 shows the results for 56 SNPs with Po0.05
obtained from the replication study for the associations reported by
Kamatani et al.,20 including the results for eight biochemical traits and
six hematological traits. The signs of the coefficient that represents the
tendency of association between our study and Kamatani’s report were
identical. In Supplementary Table 3, 56 of 87 SNPs showed statistical
significance (Po0.05). Moreover, the signs of the coefficient for 54 of
those SNPs were also identical in the Riken and JPDSC control groups.
The remaining 31 SNPs were non-replicated SNPs. These SNPs were
not replicated in our study possibly because of the difference in the
sample size. The sample sizes in our study and Kamatani’s study were
2994 and 14 700, respectively.

DISCUSSION

Background of collected samples
JPDSC collected DNA samples so that the entire set reflected, as much
as possible, the Japanese population, based on the size of the
population of each region, sex and age. Table 1 shows the summary
of the numbers and the proportions of the subjects included in our
study for each region and each sex as well as the proportions from the
Japanese population data. The data in this table indicate that our
sampling is a good reflection of the Japanese population from the
viewpoints of both regional distribution and sex. However, the
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Figure 2 PCA plots of the Japanese individuals for each geographical region. The 10 PCA plots from (a) to (j) correspond to the 10 geographic regions (see
the details in Figure 1 legend) and the individuals from each region were highlighted by different colors. The gray points correspond to the subjects from
HapMap JPT (44) and CHB (45). The regions are indicated as follows: (a) Hokkaido, (b) Tohoku, (c) Kanto, (d) Hokuriku, (e) Tokai, (f) Kinki, (g) Chugoku,
(h) Shikoku, (i) Kyushu and (j) Okinawa. The number of the subjects in each region was as follows: Hokkaido (119), Tohoku (220), Kanto (1183), Hokuriku
(119), Tokai (308), Kinki (336), Chugoku (183), Shikoku (112), Kyushu (298) and Okinawa (116).
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proportion of the subjects from the Okinawa region in our sample is
higher than that in the Japanese population data. As the Okinawa
region is unique and important to understand the genetic variations in
Japan,18 JPDSC collected the Okinawa sample more intensively than
the other regions. The proportion of each sex in each region is also
identical to the real population of Japan.
In Section Sample and SNP quality checks, five individuals (three

self-reported men and two self-reported women) were excluded from
the analysis. The frequencies of heterozygous SNPs on the
X chromosome for the two self-reported women were o0.1 and
almost 0. One of the samples may be derived from a subject with
monosomy X, while the other one may have a partial loss of one
of the two X chromosomes. Moreover, three self-reported men had
high frequencies of heterozygous SNPs on the X chromosome as well
as high call rates of SNPs on the Y chromosome. These men may have
two or more X chromosomes and one Y chromosome.

Validity of sample size
It is common that PGx studies often fail to collect sufficient cases to
achieve appropriate statistical power. When the sample size is limited,
a strategy to enhance the statistical power of PGx is to provide a

sufficient sample size of the control group. The control group should
have the same genetic background as the case group.
To overcome the problem of small sample size in the case of

Japanese PGx studies, JPDSC collected the genotypes and clinical data
from about 3000 healthy volunteers. The goal of a sample size of 3000
was decided by the statistical power simulation.
In case of PGx studies with very small sample sizes, the rare risk

alleles in the population may be detected through association studies.
Figure 3 shows the relationship between MAF and statistical power.
Figure 3 indicates that the peak of the power is achieved around MAF
values between 0.05 and 0.1. Moreover, this result means that it is
hard to detect associated SNPs when MAFs are over 0.3. We observed
the increase in the power as the control size increased (Figure 4).
Figure 4 shows that the power peaked at the control sample size of
1500 for each odds ratio (OR). In PGx studies, the association with sex
may be different, and therefore JPDSC planned to collect 3000 healthy
volunteers, including 1500 men and 1500 women.
By using 14 cases and 991 JPDSC controls, Tohkin et al.24 detected

the SNPs associated with Stevens–Johnson syndrome and toxic
epidermal necrolysis induced by allopurinol. The MAF of the detected
SNPs in JPDSC control sample was about 0.0055, and the OR for SNP

Figure 2 Continued.
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with the strongest association was 66.8 under the dominant mode for
the minor allele. Considering the MAF in the control group (0.0055)
and the OR (66.8), the statistical power of Tohkin’s study is estimated
as 95.7% under the assumption that a SNP with the same strength and
frequency is statistically significant.

Available SNPs for GWAS
As indicated in the results of the quality check for SNPs in Section
Population Structure, about 1.4 million SNPs were available for

statistical analysis. In other words, about 1 million SNPs were
excluded based on the general criteria of the quality check. Table 2
shows the reduction in the number of SNPs after each quality control
(QC) step, and the classification of the monomorphic SNPs into two
categories based on whether they were from the HapMap project or
the 1000 Genomes project. The data in this table indicate that most of
the monomorphic SNPs in our data were selected from the 1000
Genomes project, although about one-third of the SNPs in the chip
were from that project.
SNPs with low frequencies may not be included in a sample when

the sample size is limited. The Supplementary Table 4 shows the
number of samples that, under the assumption of HWE, are expected
to carry at least one rare allele. Here, MAF in SNP was assumed as
0.001–0.1. The Supplementary Table 4 indicates that, when the
population MAF is 40.001, at least two samples are expected to be
observed in the JPDSC sample. As the number of the Japanese subjects
included in 1000 Genomes projects is much smaller than JPDSC,
some of our SNPs are unlikely to be included in the data from 1000
Genomes.

Genetic character of each regions
As described in Section Population Structure, Figure 2 shows the
results of PCA indicating the population structure of the JPDSC
control. Our results on the Japanese population structure are
comparable to those obtained by Yamaguchi et al.18 by using
GWAS data.
The distribution of the subjects from Chugoku and Shikoku

regions, which had not been included in Yamaguchi’s work, was
observed. As shown in Figure 2g, the subjects from the Chugoku
region seemed to be located almost at the center of the Hondo region
and separated from the other regions, similar to the data from the
Kyushu. It is interesting to note that the distribution of the subjects
from Shikoku was close to that of the subjects from Hokuriku and
Kinki regions but far from the subjects of Chugoku region. These

Table 2 Reduction in the number of the SNPs by the quality check.

The initial number of available SNPs for analysis was 1 333 978

under the selection criteria CR⩾0.95, MAF⩾0.01 and HWE

P⩾0.001

Number of

SNPs

Assessment Criteria

Number of

SNPs

Excluded

SNPs

Overall 2 379855 —

SNP call rate ⩾0.95 2 376936 2919

MAF ⩾0.01 2 191329 185 607

MAF (monomorphic SNP) 0 1 337510 853 819

SNP recorded in HapMap project

(710 411 SNPs on chip)

84 177

SNP recorded in 1000 Genomes

SNP (1 665 231 SNPs on chip)

768 593

HWE P-value ⩾0.001 1 333978 3532

Number of selected SNPs 1 333978

Abbreviations: HWE, Hardy–Weinberg equilibrium; MAF, minor allele frequency; SNP, single-
nuclotide protein.

Figure 3 Power simulation by odds ratio when sample size of case group is
very small. Horizontal axis means the minor allele frequency, and the vertical
axis means statistical power. In this simulation, sample size of case and
control group are fixed as 30 and 2994, respectively. The significant level
3.54E−8 was calculated as 0.05/1411375 under the selection of SNP
from quality check with the criteria CR⩾0.95, MAF⩾0.001 and
HWE⩾0.001. A full color version of this figure is available at the Journal of
Human Genetics journal online.

Figure 4 Power simulation by odds ratio as the size of the control group
increases. The horizontal axis represents the control size, and the vertical
axis represents the statistical power. In this simulation, the sample size of
the case group was fixed as 30, MAF was set as 0.05 and the dominant
mode of minor allele was assumed. The significance level (3.54×10−8) was
calculated as 0.05/1 411 375 under the selection of SNPs from the quality
check with the criteria CR⩾0.95, MAF⩾0.001 and HWE⩾0.001. A full
color version of this figure is available at the Journal of Human Genetics
journal online.
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results indicate that the subjects from Shikoku and Chugoku differ in
ancestry in spite of being geographically closed. Therefore, it is
possible that the inhabitants of the Shikoku and Hokuriku regions
may have originated from Kinki region.
Consistent with Yamaguchi’s study, Figure 2 also indicates that the

distribution of the subjects from Okinawa region differs from that of
the population from Hondo region.
To examine the difference between Okinawa and Hondo regions in

more detail, we performed a case–control analysis by using 116
individuals from Okinawa and 2878 individuals from Hondo.

EDAR gene. Yamaguchi (2008) reported that SNPs on the EDAR
gene were significantly different between the populations of Okinawa
and Hondo. In our results, the kgp3482957 on the EDAR gene was
also significantly different (OR= 2.638; P= 4.41× 10− 9), and the
results were replicated. MAF of the minor allele A for Okinawa and
Hondo regions were 0.23 and 0.087, respectively. For other SNPs on
EDAR, MAFs for Okinawa region were higher than those for Hondo
region. EDAR has been reported to be highly differentiated in the
Asian subpopulations.25 EDAR and EDA2R, both involved in the
development of hair follicles25–27 and teeth,28,29 have probably under-
gone positive selection in Asia.25 While the wild-type V is almost fixed
in the European and African populations, the nonsynonymous V370A
mutation is more frequent among Asians and the associated frequency
of the allele A in the Okinawa and Hondo populations is 0.233 and
0.111, respectively.
There were some genome-wide significant SNPs between the

Okinawa and Hondo group in genes of drug-metabolizing enzymes
and transporters defined as ‘ADME gene list’ in PharmaADME
database (http://pharmaadme.org/) in Supplementary Table 5. But,
in 32 important ADME genes defined as ‘core ADME gene list’ in
PharmaADME database, such as CYP2D6, CYP2C9 and CYP2C19, no
SNP was significantly different in frequency between the Okinawa and
Hondo group.

Other interesting SNPs. We also found that the frequencies of the
SNPs in the genes described below were significantly different between
Okinawa and Hondo regions.
The SNP that showed the lowest P-value in the trend test while

comparing the genotype frequencies among the PGx-related genes of
the Okinawa and Hondo residents was kgp8366488 in ABCB5. ABCB5
is an ABC transporter and P-glycoprotein family member expressed in
skin and in malignant melanoma. ABCB5 has been suggested to
regulate skin progenitor cell fusion and mediate chemotherapeutic
drug resistance in stem-like tumor cell subpopulations in human
malignant melanoma. According to our analysis, kgp8366488 SNP,
located between the genes ITGB8 and ABCB5, was significantly
associated with the difference between Okinawa and Hondo groups
(OR= 7.42 and P= 3.23× 10− 33). In addition, the MAF of
kgp8366488 for Okinawa was 0.168, while that for Hondo was 0.0265.
The SNP that showed the second lowest P-value was rs9729287,

located between the genes PL2G4A and FAM5C. The PLA2G4A gene
encodes a member of the cytosolic phospholipase A2 group IVA
family. This enzyme catalyzes the hydrolysis of membrane phospho-
lipids to release arachidonic acid that is subsequently metabolized into
eicosanoids. This gene is also related to the onset of cardiovascular
diseases. In our analysis, rs9729287 SNP showed a low P-value
according to the Cochran-Armitage trend test on Okinawa and
Hondo subjects (OR= 6.55 and P= 2.95× 10− 27). The MAF of
rs9729287 for Okinawa was 0.168, while that for Hondo was 0.0273.

As JPDSC control sample was originally collected for the purpose of
PGx studies, it is important to know the differences in the allele
frequencies of ADME and other PGx-related genes between Okinawa
and Hondo regions. Therefore, when PGx studies are conducted
comparing the genes listed in Supplementary Table 5, it is necessary
not to combine the Hondo and Okinawa groups.

Allele frequency of HLA in JPDSC
To confirm the consistency between JPDSC population and actual
Japanese population, the allele frequencies of the HLA loci (HLA-A,
HLA-B, HLA-C, HLA-DRB1 and HLA-DPB1) were compared with
the database of the HLA laboratory and Central Bone Marrow Data
Center. Supplementary Table 6 shows the frequencies of the alleles in
five HLA loci obtained from JPDSC and other two databases. This
table indicates that the JPDSC control samples represent the general
healthy Japanese population.
JPDSC control samples, collected to reflect the general healthy

Japanese population, contain 41 300 000 genotypes as well as demo-
graphic and clinical laboratory data. The five loci of HLA are also
available. Although the main purpose of the JPDSC control data was
to use for PGx studies, the data may be useful for various genetic
association studies focusing on rare diseases. As the size of the
database is quite large, it may be useful for association studies in
which the sample size of the case group is rather small but the strength
of the association (effect size) is relatively large. As the database also
contains regional information, it may also be suitable for genetic
studies involving Japanese subjects when the regional differences
in the allele frequencies may interfere with the results. In particular,
the individuals from Okinawa have been sampled in more detail than
the subjects from other regions. Therefore, it is expected that this
study will yield a more detailed understanding of the genetic variations
in the Japanese population in terms of PGx.
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