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Abstract The similarity of the marker allele fre-
quency and linkage disequilibrium structure between
two populations are major factors for the determina-
tion of the transferability and efficiency of haplotype
tagging SNP derived from one population to use for an
indirect association study in another population. To
prove the similarity between northern East Asian
populations in Hapmap and Thais, 861 SNP in 166
drug-related genes shared between Thais, Han Chinese
and Japanese were analyzed for their correlation
statistics. Allele frequency, Fst statistics and linkage
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disequilibrium statistics (+*) showed a high correlation
between these populations. TagSNP sets derived by an
aggressive tagging algorithm from these 861 SNP in
Japanese and Chinese were used to test the coverage of
East Asia-derived tagSNP in Thais. TagSNP derived
from Japanese and Chinese are comparable in the
percentage of coverage of the alleles captured with
tagSNP at 1”>0.8 (93% vs. 93%) in these drug-related
gene loci. Additional tagSNP sets derived from the
combination of Japanese- and Chinese-derived tagging
SNP sets were used to test the coverage in Thais. The
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later set improved the percentage of coverage of alleles
captured with tagSNP at °>0.8-98% for these sites.
High similarity between Thais and northern East Asian
allele frequency and linkage disequilibrium statistics
supported that tagSNPs derived from the northern
East Asian population should be useful for an indirect
association study in Thais. The combination of non-
overlapping Japanese derived tagSNP and Chinese-
derived tagSNP improved the percentage of genomic
coverage in Thais, at least in these drug-related gene
loci.

Keywords Thai - Thailand - Allele frequency -
Linkage disequilibrium - Hapmap - TagSNP -
Transferability

Introduction

The additive effect of individual genetic variations in
loci encoding metabolic enzymes, drug transporters,
cell surface markers, and cellular growth and differ-
entiation factors may play a significant role in the
variability of the response and toxicity of a number of
drugs. It is expected that pharmacogenomics will con-
tribute to a better health care system through
decreasing unavoidable side effects and increasing the
efficacy of drugs (Mushiroda et al. 2005, 2006; Saeki
et al. 2005). Research conducted in pharmacogenomics
usually involves retrospective case-control association
studies to determine the difference in allele frequen-
cies of variations at markers of interest between the
case and control populations.

Genetic markers selected for genotyping in phar-
macogenomic studies are single nucleotide polymor-
phisms (SNP) because of their abundance in
genomes and the maturity of high-throughput geno-
typing technology. For indirect association studies,
several SNP selection methods have been developed
based on linkage disequilibrium information to re-
duce the redundancy in genotyping information.
These methods also aim at increased marker cover-
age of the genome. Current methods for marker
selection with the highest level of coverage are the
marker selection method based on linkage disequi-
librium statistics derived from genotyping of common
SNP in the target population; markers selected by
this method are called TagSNP (Altshuler et al.
2005). Through international collaboration efforts
like the International HapMap Project, linkage dis-
equilibrium information has been made available for
four major populations, the Han Chinese, Japanese,
Caucasians and Yorubans (Deloukas and Bentley

2004). This information is deposited in web databases
and is made accessible to all researchers. Applying
tagSNP based on linkage disequilibrium information
from Hapmap populations to other populations will
result in a reduction of the power of the study unless
the allele frequency and linkage disequilibrium
structure between Hapmap populations and target
populations are highly similar (Lim et al. 2006;
Montpetit et al. 2006; Mueller et al. 2005; Ribas
et al. 2006). Among five major populations, it is
comprehensible that tagSNP set coverage will not be
good enough to use tagSNP derived from one pop-
ulation for an indirect association study in other
populations. The quantifying correlation of the allele
frequency and the linkage disequilibrium pattern
between the Thai and Hapmap northeast Asian
population, and the reduction of tagging efficiency
when using Japanese Hapmap tagSNP for an indirect
association study in Thais, should be useful for the
development of a better SNP selection strategy using
Hapmap information.

In Thailand, the Pharmacogenomics Project was
established in 2003 with the aim of promoting the
research, development and application of pharmac-
ogenomics in Thailand. Study of allele frequency and
linkage disequilibrium of markers in drug-related
gene loci is relevant to the objective of this project.
Recently, information from extensive analysis of
these genes in the Japanese population was made
publicly available (Kamatani et al. 2004). In this
study, we genotyped 1,536 SNP derived from the
Japanese population by haplotype-based selection in
280 Thais from four different geographic locations in
Thailand. These SNPs were derived by the genotyp-
ing of 4,104 markers discovered by the resequencing
of 48 Japanese individuals in 752 Japanese individu-
als to capture common SNP (minimal allele fre-
quency >0.1), linkage disequilibrium structure and
haplotype inference (Iida et al. 2001). Haplotype
tagging SNPs were selected from individual geno-
typing data with additional rare functional SNP
chosen to increase the coverage for an association
analysis in these genes (lida et al. 2006). To try to
understand the relationship between northern East
Asian populations in the Hapmap database and the
utilization of Hapmap database in Thais, allele fre-
quency and haplotype frequency were determined for
each population and comparisons between these
populations were made. An empirical assessment of
the tagging performance of Japanese tagSNP and
Chinese tagSNP in Thais was shown. Results of this
comparison study will benefit researchers who plan
to conduct indirect association studies in Thais.
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Materials and methods
Population samples

This study was reviewed by the Ethical Committee of
the Faculty of Medicine, Ramathibodi Hospital, Mah-
idol University. After receiving informed consent, 280
individual blood samples were obtained for the geno-
typing study. Each of 70 individuals was ascertained to
be from one of four regions representing four different
parts of Thailand as follows: ChiangRai (a province in
the northern region of Thailand), Supanburi and
Kanjanaburi (provinces in the central region of Thai-
land), KhonKhaen (a province in the northeastern re-
gion of Thailand) and Surajthani (a province in the
southern region of Thailand). Family histories were
reviewed for consanguinity and relatedness of the
individuals. Only individuals with similar self-reported
parental ethnicity were selected for genotyping. The
people of these four regional populations speak their
local Thai dialects specific to their regions. Therefore,
they were considered to represent four major different
regions in Thailand and were believed to be good
estimators of the distribution of the population allele
frequency from each region.

Marker selection

Single nucleotide polymorphisms (SNP) were selected
based on resequencing information of 166 drug-related
genes in 48 Japanese individuals. Every novel SNP
discovered was confirmed by sequencing both strands
of each PCR product (Iida et al. 2001). SNPs confirmed
by resequencing were genotyped in 752 samples of
unrelated individual Japanese. Haplotype tagging SNPs
were computed base on individual genotyping infor-
mation of common SNPs (minor allele frequency >0.1).
Additional rare, functional, and out-of-block SNPs
were also included in this drug-related SNP set. Overall,
1,536-plex microarray SNP genotyping sets were
established for the pharmacogenomics study in the
Japanese population. We applied this drug-related
1,536-plex SNP microarray set to Thai populations.

SNP genotyping

DNA extraction was performed by a standard phenol-
chloroform protocol at the Medical Genetics and
Molecular Medicine Unit, the Faculty of Medicine,
Ramathibodi Medical School in Thailand. DNA con-
centrations were measured and diluted to the final
concentration of 50 ng/pl using the Picogreen DNA
quantification kit. Genotyping of SNP was done using
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the Illumina Goldengate genotyping platform. This
platform utilized 1,536-plex of genotyping in a 96-well
plate platform. After DNA samples from each indi-
vidual were prepared on 96-well plates, SNP genotyp-
ing following the standard protocol (Gunderson et al.
2005) was performed.

In brief, DNA samples were activated for binding to
paramagnetic particles. In the hybridization step, acti-
vated DNA samples were combined with assay oligo-
nucleotides, hybridization buffer and paramagnetic
particles. There are three oligonucleotides designed for
each SNP locus. Two oligonucleotides are specific to
each allele of the SNP site, called the allele-specific
oligonucleotides (ASOs). A third oligonucleotide that
hybridizes several bases downstream from the SNP site
is the locus-specific oligonucleotide (LSO). All three
oligonucleotide sequences contain regions of genomic
complementary and universal PCR primer sites; the
LSO also contains a unique address sequence that tar-
gets a particular bead type. The set of 1,536-plex SNP
was chosen based on a pharmacogenomics discovery by
the Japanese millennium project as previously de-
scribed (Iida et al. 2006). During the primer hybrid-
ization process, the assay oligonucleotides hybridize to
the genomic DNA samples bound to paramagnetic
particles. Extension of the appropriate ASO and liga-
tion of the extended product to the LSO linked infor-
mation about the genotype present at the SNP site to
the address sequence on the LSO. These linked, full-
length products provide a template for PCRs using the
universal PCR primers P1, P2, and P3. The universal
PCR primers P1 and P2 are Cy3- and Cy5-labeled.
After downstream-processing, the single-stranded, dye-
labeled DNAs were hybridized to their complement
bead type through their unique address sequences.
Hybridization of the GoldenGate assay products onto
the array matrix allows for the separation of the assay
products in solution onto a solid surface for individual
SNP genotype readouts. After hybridization, a micro-
array scanner was used to analyze the fluorescence
signal using software for automated genotype clustering
and calling (Gunderson et al. 2004).

Statistical analyses

Japanese Hapmap (Japanese) and Han Chinese Hap-
map (Chinese) genotyping data of these SNP were
retrieved from the Hapmap website (http://www.hap-
map.org) by query of the Hapmap release 20. Overall,
1,312 markers were successfully genotyped in the Thai
population. Complete failure to obtain the genotype in
Thais occurred only for 84 markers. In February 2006,
there were only 870 SNPs with individual genotyping
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information available in the Han Chinese population
and Japanese population SNP database from the
Hapmap database that were successfully genotyped in
at least one of the regional Thai populations. Nine
SNPs were eliminated in our analysis because of pos-
sible errors in genotyping reported in the Hapmap
database, as remarkable differences in allele frequen-
cies between the Hapmap database and Japanese
Pharmacogenomic SNP Consortium database were
detected. Comparison of population genetic marker
characteristics between the Japanese and Chinese with
Thais was done using 861 SNPs.

The Hardy-Weinberg equilibrium (HWE) test for
each SNP within each population was calculated by
standard »° statistics, and SNPs with HWE test P val-
ues <0.001 were excluded from further analysis. Pair-
wise linkage disequilibrium statistics (>, D’) and the *
test for differences of allele frequency and haplotype
frequency were calculated by HAPLOVIEW (Barrett
et al. 2005). Pair-wise and hierarchical Fst statistics
were calculated with the hierfstat package in R (Gou-
det 2005). Pearson’s product moment correlation,
scatter plots of pair-wise population allele frequency
and scatter plots of pair-wise population linkage dis-
equilibrium statistics were done using the R statistics
program (Team 2004).

TagSNPs were selected using an aggressive tagging
strategy by TAGGER panel in HAPLOVIEW. LOD
score cutoff at three was used in all tagging selection.
Fold saving of tagSNP is defined as n/n;,. In this study,
ny, is the number of SNP selected to cover the region
and n is the total number of SNPs.

Results
Comparison of allele frequency distribution
Considering MAF comparison, most of the MAF dis-

tribution was similar between Thais and other popu-

Table 1 Minor allele frequency (MAF) distribution

Japanese® Chinese® Thais

MAF =0 20 (2.3%) 17 (2.0%) 15 (1.7%)
>0-0.1 63 (7.3%) 83 (9.6%) 61 (7.1%)
>0.1-0.2 190 (22.1%) 205 (23.8%) 186 (21.6%)
>0.2-0.3 234 (272%) 219 (254%) 265 (30.8%)
>0.3-0.4 176 (20.4%) 171 (19.9%) 169 (19.6%)
>0.4-0.5 178 (20.7%) 166 (19.3%) 165 (19.2%)
Total 861 861 861

? SNP genotyping information retrieved from the Hapmap
database

lations. As shown in Table 1, there were only 15 SNPs
(1.74%) in the Japanese found to be homozygous in
the Thais. Twenty SNPs were homozygous from the
Japanese Hapmap database. These polymorphisms
were selected based on non-homozygosity in allele
frequency determination in 752 Japanese samples;
therefore, these SNPs were supposed to be heterozy-
gous in Japanese. These homozygosities reported in
the Hapmap database can be explained by the differ-
ence in sample sizes of the samples used for the
determination of allele frequency (752 individual
samples in the Pharmacogenomic SNP Consortium
versus 44 Japanese samples used in the Hapmap pro-
ject). In other words, if the Japanese Hapmap data
were used, 20 markers would be excluded from the
genotyping because of their reported homozygosity
due to the small size of the samples used to obtain
allele frequency.

Differences between Japanese and Chinese popu-
lation genetic characteristics were considered insignif-
icant and were analyzed as one population in the
Hapmap data analysis (Altshuler et al. 2005). Corre-
lation statistics calculated by a comparison of Japanese
and Chinese SNP genotyping information were used in
our analysis as the draft threshold to quantify differ-
ences between two populations, especially within
northern East Asian populations. While the correlation
statistics for Japanese and Chinese allele frequency is
0.9514, the correlation statistics are 0.9493 when com-
paring between Japanese and Thais, and 0.9298 when
comparing Chinese and Thais. There were trends of
higher correlations between the Chinese and all re-
gional Thai populations than of those between the
Japanese and all regional Thai populations (Fig. 1,
lower diagonal matrix).

Genetic distance between regional Thai
populations and northern East Asian populations

Pair-wise Fst statistics (Cockerham and Weir 1986)
values for 861 markers show the same patterns of
population distance with lower Fst values for compar-
ison within regional Thai population pair-wise Fst sta-
tistics than pair-wise Fst statistics of Japanese—Chinese
populations (Table 2). Interestingly, southern and
northeastern Thais were more distant from northern
East Asian populations than northern and central
Thais. Lower pair-wise Fst values between Japanese
and Thais compared to Chinese and Thais could pos-
sibly be explained by the nature of these SNP sets
where they originated from Japanese tagging selection.
Hierarchical Fst statistics for these markers in Thais
are 0.00086.
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Table 2 Pair-wise Fst statistics between populations

Chinese Northern Central Southern Northeastern

Thais Thais  Thais Thais
Japanese 0.00752 0.01234  0.01187 0.01502 0.01384
Chinese 0.01781  0.01863 0.01983  0.02063
Northern 0.00107 0.00122  0.00013
Thais
Central 0.00165  0.00005
Thais
Southern 0.00315
Thais

HWE testing

Hardy-Weinberg equilibrium tests were tested against
genotyping results. Genotyping results with the HWE
test with P<0.001 were excluded from further analysis.
All 861 SNPs passed the HWE test, being significant at
P <0.001.
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Linkage disequilibrium measure and comparison

The 7 statistics were calculated for pairs of SNPs with
a distance less than 500 kb; pair-wise r* were calculated
and compared among regional Thai populations, Chi-
nese and Japanese populations using only SNPs that
were shared by all populations. In total, 691 SNPs
contributed to the 8,419 pair-wise linkage disequilib-
rium statistics in these comparisons. Scatter plots
comparing 7> statistics between populations are pre-
sented in Fig. 2. The correlation of 7 statistics between
Chinese and regional Thai populations is higher than
the correlation between Japanese and regional Thai
populations. Within regional Thai populations, 7* sta-
tistical correlations are higher than correlation statis-
tics between Japanese and Chinese correlations.

D’ at the difference distance

D’ statistics calculated from 691 SNPs revealed the
same pattern with rapid decay of D’ statistics when
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Fig. 2 Scatter plots of pair-
wise comparison of 7
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physical distance between pairs of SNPs increased. At
close physical distance with less than 100 base pair
intervals, there is more variation in D’ statistics
resulting in lower mean D’ statistics for these markers.
These findings are similar to those observed in Malays
(Cha et al. 2004).

Haplotype inference

Because allele frequency and linkage disequilibrium
characters between different regional Thai populations
are highly correlated (Figs. 1, 2), further analysis was
done by combining regional Thai populations together.
Haplotype inference using Gabriel et al.’s haplotype
definition (Gabriel et al. 2002) inferred the total
number of blocks at 111, 114, and 179 blocks in Japa-
nese, Chinese, and Thais, respectively. The number of
haplotype blocks inferred by this method is higher in
Thais compared to northern East Asian populations.
The greater number of haplotype blocks in our popu-
lation may reflect the older age of the Thai population
than the northern East Asian population. (Fig. 3)

08
06
=}
c
© -
3 —o—Chinese
= 04 —8-Japanese \
’ —&— Southern Thais w
——Central Thais
—x— Northern Thais
—&— NorthEastern Thais
0.2

" >100-1000  >1000-10000 >10000-50000
Physical distance(bp)

0-100 >50000

Fig. 3 Relationship between D’ statistics and physical distance
separating two single nucleotide polymorphisms in a pair

TagSNP selection and tagging efficiency in Thais

An aggressive tagging algorithm was used to select the
tagSNP set within 861 SNPs from Japanese, Chinese,
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Table 3 Number of TagSNPs computed from northern East
Asian populations and percentage of alleles captured with >>0.8
in Thais

Japanese Chinese Japanese
+ Chinese
Number of tagSNPs 618 624 724
Mean r* 0.965 0.964 0.985
Percentage of alleles  93% 93% 98 %

captured with r*>0.8
Mean #° for alleles
with r?<0.8

0.644+0.020 0.608+0.031 0.629+0.013

and Thai genotyping data (de Bakker et al. 2005).
Because these are mostly haplotype tagging SNPs, the
fold savings in the numbers of SNPs are 618/861 (1.39
folds), 624/861 (1.38 folds) and 605/861 (1.42 folds).
These fold reduction numbers are different from data
generated from tagging SNP selection using pre-de-
fined interval genotyping data like in Hapmap (usually
between three- and four-fold savings in Asian popu-
lations). However, the nature of transferability of these
SNPs should not be different from interval genotyping
data. We tested the coverage of the tagSNP derived
from Japanese, Chinese, and a combination of Japa-
nese and Chinese (Japanese + Chinese) tagSNPs with
the Thai data. The results are shown in Table 3.

Difference in allele frequency and haplotype
frequency between Thais and northern East Asian
populations

Permutation chi-square statistics were used to deter-
mine the northern East Asian and Thai differences in
allele frequency and haplotype frequency with 100,000
permutations. Only 5% of these sites have significant
allele frequency differences between the two popula-
tions at P<0.05. For haplotype frequency, 12% of the
haplotype blocks inferred have a significant difference
at P<0.05. A full list of allele frequency, haplotype
frequency, and their chi square statistics is available at
(http://www.pharmagtc.net/perm861.htm).

Discussion

For the genetic association study in the population not
included in the Hapmap database, a demonstration of
the similarity and transferability of tagSNPs from the
populations in the Hapmap database to their target
populations will be useful for the researcher to choose
the tagging SNP from the Hapmap database for their
indirect association study. A transferability study in
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Caucasians and Asians was encouraging, with evidence
supporting the transferability for the Hapmap popu-
lation-derived tagSNPs to their populations (Cha et al.
2004; Lim et al. 2006; Mueller et al. 2005; Ribas et al.
2006). We demonstrated here the similarity of Thais
with East Asian Hapmap populations using 280 indi-
viduals. These individuals were a sampling from the
four major regions of Thailand, and these genotyping
data could also be used to explain the within-popula-
tion variation of Thais.

Genotyping data were generated by microarray
genotyping of 1,536-plex drug-related gene SNP sets
from the Japanese population. With an admirable
extensive effort for the genotyping of 752 unrelated
Japanese individuals, Katamani and Nakamura et al.
showed that haplotype-based SNP selection from these
samples could be used to capture an association be-
tween traits and SNPs with allele frequency >0.03
(Kamatani et al. 2004). The 1,536-plex SNP set was
established using information from this analysis. Using
these genotyping results to determine the population
genetics data will not be straightforward because the
majority of these SNPs are derived from haplotype
tagging SNP selection in the Japanese population. But
the inter-population genetics parameters analyzed here
should not be affected by the bias introduced by the
marker selection strategy.

Evidence from the Y-chromosome haplotype and
mitochondrial markers supported that mainland
southern East Asia was probably the first settlement of
modern humans from Africa about 18,000 to
60,000 years ago (Chu et al. 1998; Horai 1995; Jin and
Su 2000; Ke et al. 2001). After the settlement, main-
land southern East Asians migrated northward to
China and Siberia (Su et al. 1999). There was also a
contribution from central Asia to the present-day
northern East Asian population (Hammer 1995; Qian
et al. 2001), especially the Japanese. There was also
evidence of a high similarity of the Malaysian popu-
lation with the Japanese for polymorphisms within
drug-related genes (Cha et al. 2004).

A similarity between populations was assessed by
pair-wise allele frequency correlation statistics, Fst
statistics, and pair-wise linkage disequilibrium statistics
between Chinese, Japanese, and regional Thai popu-
lations. Within these sites, four regional Thai popula-
tions are highly similar and were analyzed as one
population in the later analysis. Within northern East
Asian populations (Japanese and Chinese), the com-
parisons were more similar with their correlation sta-
tistics and Fst statistics than the comparisons between
northern East Asians and the regional Thai population.
The Chinese were closer to the Thais than the
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Japanese, and these results are in concordance with the
population history and previous mitochondrial marker
analysis (Fucharoen et al. 2001). Tagging transferabil-
ities were demonstrated in a European population with
a Caucasian Hapmap database with a comparative le-
vel of correlations (Ribas et al. 2006). The difference
between northern East Asians and Thais was also
determined by chi-square statistics; 5% of these allele
frequencies and 12% of haplotype frequencies are
different at P<0.05.

Tagging SNP performance in Thais was assessed by
the percentage of coverage of the markers with %>0.8
when using tagging SNPs from other populations in
Thais. The tagging SNP was selected using an aggres-
sive pair-wise tagging approach in the TAGGER pro-
gram. The percentage of coverage of markers with
*20.8 was at 93% for Japanese-derived tagging SNP
and 93% for Chinese-derived tagging SNPs. The per-
centage of coverage was increased to 98% when using
tagging sets selected by a combination of tagSNP sets
from Japanese and Chinese. While the percentage of
coverage may not hold true if Thais have common
SNPs that are not genotyped in the Hapmap database,
it is unlikely that the Thai population will have a large
number of common SNPs that are not shared with the
Japanese and Chinese populations. The increase of
coverage may be explained by the fact that the Japa-
nese and Chinese were considered in separate clades of
Asians (Qian et al. 2001). At least, using a combination
of tagging SNPs from the Chinese and Japanese Hap-
map database should be useful to capture the linkage
disequilibrium structure in an association study by the
genotyping of a small number of samples to determine
the linkage disequilibrium structure for the selection of
markers to use in an indirect association study. Since
this linkage disequilibrium-based tagSNP selection
algorithm will pick different markers from a bin each
time it runs, further study for the evaluation of a
combination of tagSNP from Hapmap populations for
use in an indirect association study for other Asian
populations should be explored.
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