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ABSTRACT

Genetic polymorphisms of enzymes and transporters associated with the absorption, 
distribution, metabolism, and elimination (ADME) of drugs are one of the major factors that 
contribute to interindividual variations in drug response. In the present study, we aimed to 
elucidate the pharmacogenetic profiles of the Korean population using the Affymetrix Drug 
Metabolizing Enzyme and Transporters (DMET™) platform. A total of 1,012 whole blood 
samples collected from Korean subjects were genotyped using the DMET™ plus microarray. 
In total, 1,785 single nucleotide polymorphism (SNP) markers for 231 ADME genes were 
identified. The genotype and phenotype of 13 clinically important ADME genes implemented 
in the Clinical Pharmacogenetics Implementation Consortium guidelines were compared 
among different ethnic groups. Overall, the genotype frequencies of the Korean population 
were similar to those of the East Asian population. Several genes, notably CYP2C19 and 
VKORC1, showed marked differences in Koreans compared to Europeans (EURs) or Africans 
(AFRs). The percentage of CYP2C19 poor metabolizers was 15% in Koreans and less than 3% 
in EURs or AFRs. The frequencies of causative SNPs of the VKORC1 gene for the low warfarin 
dose phenotype were 90%, 60%, and 10% in Koreans, EURs and AFRs, respectively. Our 
findings can be utilized for optimal pharmacotherapy in Korean patients.

Keywords: Pharmacogenetics; Oligonucleotide Array Sequence Analysis; Polymorphism, 
Genetic

INTRODUCTION

The pharmacokinetic and pharmacodynamic response to a drug is affected by multiple factors, 
including age, organ function, concomitant drugs, food intake, and genetic variation. Genetic 
polymorphisms associated with the absorption, distribution, metabolism, and elimination 
(ADME) of drugs are one of the important factors that affect drug response [1]. ADME-related 
genes include the genes of phase I and II drug-metabolizing enzymes (e.g., cytochrome 
P450 [CYP450] superfamily of enzymes, dehydrogenases, monooxygenases, reductases and 
transferases), transporters and receptors [2-5]. Many studies have demonstrated that the 
genetic variations (e.g., single nucleotide polymorphisms [SNPs] or copy number variations 
[CNVs]) of those ADMEs cause the diversity of drug efficacy and safety among individuals [6,7].
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The Affymetrix Drug Metabolizing Enzyme and Transporters (DMET™) microarray platform 
is a useful tool for simultaneous genotyping of a large number of genetic variants for genes 
that encode drug-metabolizing enzymes and transporters [8]. The DMET™ platform enables 
individuals to test a total of 1,936 SNPs, CNVs, and insertion and deletion markers over 231 
ADME-related genes. The DMET™ platform covers 76 phase I enzymes, 62 phase II enzymes, 
51 transporters and 41 other genes that regulate intracellular processes that facilitate ADME 
[8]. The DMET™ plus platform has been repeatedly reported for its usefulness in studying 
interethnic differences in drug response [9,10].

Because genetic characteristics are strongly linked to ethnicity, interethnic differences 
in genetic variations can be an important factor for ethnic differences in drug response 
[11,12]. The evaluation of interethnic differences in pharmacogenomic markers can 
provide important information needed for translation of foreign clinical data to a domestic 
population. While there is evidence that Koreans share similar pharmacogenetic profiles with 
Japanese and Chinese populations, population-wide analysis of various ADME-related genes 
has not been reported [13]. Additionally, large-scale comprehensive data on pharmacogenetic 
variation in the Korean population have not yet been reported.

Therefore, we aimed to investigate the comprehensive genotype profiles of ADME-related 
genes in a large Korean population using the DMET™ plus microarray platform and to 
compare important pharmacogenetic markers between Korean and other ethnic populations.

METHODS

Ethics statement
This study was performed using banked blood samples at Seoul National University Hospital, 
and the study protocol was approved by the Institutional Review Board of the Seoul National 
University Hospital (study identification number: H-0803-022-237). The collection and use 
of all human samples and all experimental protocols were in accordance with the Declaration 
of Helsinki. All participants were provided with information on the procedure, including the 
collection of human-derived materials and the purpose of the study, and each participant 
provided a signed informed consent form.

SNP and CNV genotyping using the DMET™ Plus microarray
A total of 1,012 whole blood samples obtained from unrelated Koreans were used for 
genotyping. The samples were obtained from male or female subjects aged 19 to 50, 
who were determined as healthy based on the results of clinical laboratory tests, 12-lead 
electrocardiogram, vital signs, and physical examination. Blood samples were collected from 
participants and stored at −70°C until analysis. DNA samples were then genotyped using 
the Affymetrix DMET™ Plus GeneChip (Affymetrix, Santa Clara, CA, USA) at DNA Link. 
Co. Ltd. (Seoul, Korea) using a standard protocol [14]. Genomic DNA was extracted from 
blood samples and amplified by PCR, and the amplified DNA samples were then ligated 
to and cleaved from molecular inversion probes, which were then amplified and analyzed 
on a DMET™ array. SNPs with a less than 95% call rate within each batch and CNVs were 
excluded. The final dataset consisted of 1,785 genetic markers in 230 genes.
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Comparison of genotype and phenotype data with other ethnic populations
SNP frequency data for European (EUR), East Asian (EAS), African (AFR) and global 
populations were collected as of August 2020 from 5 sources, including the 1000 Genomes 
Project, Allele Frequency Aggregator, Genome Aggregation Database, Exome Aggregation 
Consortium, and International HapMap Project [15-19].

A total of 205 SNPs in 13 ADME-related genes that are well implemented in Clinical 
Pharmacogenetics Implementation Consortium (CPIC) guidelines (CYP2C19, CYP2C9, CYP2C8, 
SLCO1B1, VKORC1, CYP4F2, CYP2B6, DPYD, CYP2D6, UGT1A1, TPMT, CYP3A5, and G6PD) were 
compared among Korean, EUR, EAS, AFR and global populations as of January 2020. Globally 
monomorphic markers, SNPs with little to no functional impact on their respective enzymes 
and markers with minimum variability across populations (frequency ≤ 0.01 in all populations) 
were excluded. Clinically relevant SNP markers in the compared genes were further 
summarized by their star alleles and expected functional changes. Star alleles of each gene were 
determined by CPIC guidelines as of January 2020. Expected functionality changes in ADME-
related genes were presented alongside 22 drugs expected to have a significant impact on their 
pharmacokinetic/pharmacodynamic profile with such functional changes [20-29].

Genotype data were further translated to expected phenotypes of each diplotype. Diplotypes 
of each gene were categorized based on their known clinical impact (e.g., extensive 
metabolizer, EM; ultrarapid metabolizer, UM; rapid metabolizer, RM; intermediate 
metabolizer, IM; and poor metabolizer, PM), and percentage data for 65 diplotype 
combinations in 11 genes were presented. The percentages of wild type were (*1/*1 or Ref/
Ref ) diplotype deduced only when the entire SNP frequency data were available without 
any missing or excluded results for the respective gene. Phenotypes of each diplotype were 
determined largely based on CPIC guidelines, while others were determined based on 
published data as of January 2020 [7].

Statistical analysis
Statistical analyses were performed using SAS software version 9.4 (SAS Institute Inc., 
Cary, NC, USA). Genotype and phenotype frequency data were summarized by descriptive 
statistics. The reference/alternative status of alleles was determined based on the National 
Center for Biotechnology Information dbSNP database [30]. The major/minor status of 
alleles was determined based on Korean allele frequencies.

RESULTS

Affymetrix DMET results in the Korean population
The frequencies of several SNPs of important ADME genes, including CYP2C19 and VKORC1, 
were markedly different in Koreans compared to EURs or AFRs (Tables 1 and 2). The 
frequencies of the four clinically significant SNPs of the CYP2C19 gene, namely, rs12248560, 
rs17878459, rs4986893, and rs4244285, showed marked differences between the Korean 
versus EUR and AFR populations. The allele frequency of an increased function variation 
(*17, rs12248560) in the EUR or AFR populations was more than 20 times higher than that 
in the Korean population, whereas the allele frequencies of loss-of-function variations (*2, 
rs4244285; *3, rs4986893) were approximately 2 times higher in Koreans than in EUR and 
AFR populations (Tables 1 and 2). The SNP frequencies of the VKORC1 gene associated with 
warfarin dosing, namely, rs7294 and rs9923231, featured marked differences between the 
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Korean versus EUR and AFR populations. The allele frequency of the increased warfarin 
dose variation rs7294 in the EUR or AFR population was approximately 5–6 times greater 
than that in the Korean population, whereas the frequency of the decreased warfarin dose 
variation was more than 2 times higher in the Korean population than in the EUR population 
and more than 15 times higher in the Korean population than in the AFR population. SNP 
frequencies in the UGT1A1 gene were comparable between the Korean and EAS populations. 
Compared to the EUR and AFR populations, the Korean population showed markedly higher 
frequencies of decreased function variations (*6, rs4148323 and *27, rs35350960). CYP2C9 
allele frequencies in the Korean population featured much lower decreased function (*2, 
rs1799853) variation than in the EUR or AFR population. Allele frequencies in the CYP2D6 
gene in the Korean population showed overall lower frequency of no function variation and 
higher frequency of decreased function variation as compared to the EUR or AFR population. 
Notably, the decreased function variation (*10, rs1065852) in the Korean population was 
more than 2 times that of the EUR or AFR population. The Korean population showed 
lower frequencies of no function variation in the CYP3A5 gene (*3, rs776746) than the 
EUR population but frequencies more than 2 times higher than the AFR population. The 
information on all DMET SNP frequencies is listed in Supplementary Data 1, and the allele 
frequencies of important ADME genes are summarized in Table 1. A total of 37 clinically 
relevant markers in 11 genes included in the CPIC guidelines are presented in Table 2.
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Table 1. Affymetrix DMET results in Korean, EUR, EAS, and AFR populations
Gene* rs number Common name Sample 

count
Reference 

allele
Alternative 

allele
Alternative allele frequency† (%)

Korean Global EUR EAS AFR
CYP2C19 rs12248560 CYP2C19*17_-806C>T 1,012 C T 1.04 15.32 22.37 1.49 23.52

rs28399504 CYP2C19*4_1A>G(M1V) 1,012 A - 0.00 0.08 0.10 0.10 0.00
rs55752064 CYP2C19*14_50T>C(L17P) 1,012 T - 0.00 0.00 0.00 0.00 0.00
rs17878459 CYP2C19*2B_12460G>C(E92D) 1,009 G C 0.05 0.90 3.58 0.00 0.38
rs41291556 CYP2C19*8_12711T>C(W120R) 1,012 T - 0.00 0.10 0.30 0.00 0.08
rs72558184 CYP2C19*6_12748G>A(R132Q) 1,012 G - 0.00 0.04 0.04 0.00 0.00
rs17884712 CYP2C19*9_12784G>A(R144H) 1,009 G A 0.05 0.28 0.00 0.00 0.98
rs4986893 CYP2C19*3_17948G>A(W212X) 1,010 G A 9.55 1.42 0.00 5.56 0.23
rs6413438 CYP2C19*10_19153C>T(P227L) 1,011 C T 0.00 0.06 0.00 0.00 0.15
rs4244285 CYP2C19*2_19154G>A(P227P) 1,012 G A 29.05 22.14 14.51 31.25 17.02
rs72558185 CYP2C19_721insG 1,012 - - 0.00 - - - -
rs72558186 CYP2C19*7_19294T>A(SpliceDefect) 1,012 T - 0.00 0.00 0.00 0.00 0.00
rs17879685 CYP2C19*13_87290C>T(R410C) 1,012 C - 0.00 0.56 0.00 0.00 1.97
rs56337013 CYP2C19*5_90033C>T(R433W) 1,012 C - 0.00 0.00 0.00 0.00 0.00
rs5787121 CYP2C19_90052delG 1,012 G - 0.00 - - - -

rs55640102 CYP2C19*12_90209A>C(X491C) 1,012 A - 0.00 0.09 0.10 0.00 0.00
CYP2C9 rs72558187 CYP2C9*13_3276T>C(L90P) 1,008 T C 0.25 0.06 0.00 0.30 0.00

rs72558188 CYP2C9*25_3531_3540del10 1,012 AGAAATGGAA - 0.00 - - - -
rs72558189 CYP2C9*14_3552G>A(R125H) 1,012 G - 0.00 0.42 0.00 0.10 0.00
rs1799853 CYP2C9*2_3608C>T(R144C) 1,012 C T 0.05 4.79 12.43 0.10 0.83

rs72558190 CYP2C9*15_9100C>A(S162x) 1,012 C - 0.00 0.00 0.00 0.00 0.00
rs2256871 CYP2C9*9_10535A>G(H251R) 1,012 A - 0.00 2.20 0.10 0.00 8.17
rs9332130 CYP2C9*10_10598A>G(E272G) 1,012 A - 0.00 0.00 0.00 0.00 0.00
rs9332131 CYP2C9*6_10601delA(K273X) 1,012 A - 0.00 0.22 0.00 0.00 0.83

rs72558192 CYP2C9*16_33497A>G(T299A) 1,012 A - 0.00 0.02 0.00 0.10 0.00
rs28371685 CYP2C9*11_42542C>T(R335W) 1,012 C - 0.00 0.72 0.20 0.00 2.42
rs1057909 CYP2C9_42612A>G(Y358C) 1,009 A G 0.00 0.00 0.00 0.00 0.00
rs56165452 CYP2C9*4_42615T>C(I359T) 1,009 T C 0.00 0.00 0.00 0.00 0.00
rs28371686 CYP2C9*5_42619C>G(D360E) 823 C G 0.00 0.46 0.00 0.00 1.66
rs2017319 CYP2C9_55221C>T(A441A) 1,012 C - 0.00 3.39 0.20 0.00 12.03
rs1057911 CYP2C9_55323A>T(G475G) 1,011 A T 4.45 4.89 7.26 10.90 0.45
rs9332239 CYP2C9*12_50338C>T(P489S) 1,012 C - 0.00 0.08 0.30 0.00 0.00

(continued to the next page)
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Gene* rs number Common name Sample 
count

Reference 
allele

Alternative 
allele

Alternative allele frequency† (%)
Korean Global EUR EAS AFR

CYP2C8 rs28399518 CYP2C8_32364C>T(3'UTR) 1,010 C T 0.00 0.58 0.00 0.00 2.19
rs3832694 CYP2C8*12_32184_32186delTTG(V461X) 1,012 TTG - 0.00 0.00 0.00 - 0.00
rs66501115 CYP2C8_30425C>G(P404A) 1,012 C - 0.00 - - - -
rs10509681 CYP2C8*3_30411A>G(K399R) 1,012 A G 0.05 4.57 11.83 0.10 0.83
rs72558194 CYP2C8_30384T>C(L390S) 1,012 T - 0.00 0.01 0.01 0.00 0.00
rs11572103 CYP2C8*2_11054A>T(I269F) 1,012 A - 0.00 5.47 0.40 0.00 18.91
rs1058930 CYP2C8*4_11041C>G(I264M) 1,012 C G 0.20 1.66 5.77 0.00 0.38
rs72558195 CYP2C8*7or*8_4517C>T>G(R186XorG) 1,012 C - 0.00 0.04 0.04 0.00 0.10
rs72558196 CYP2C8*5_2189delA(T159X) 1,012 A - 0.25 0.01 0.00 0.19 0.00
rs11572080 CYP2C8*3_2130G>A(R139K) 1,012 G A 0.05 4.57 11.83 0.10 0.83
rs11572066 CYP2C8_-86A>C 1,012 A - 0.00 0.76 0.00 0.00 2.65

SLCO1B1 rs4149015 SLCO1B1*17_c.-11187G>A(Promoter) 1,011 G A 14.44 5.47 6.46 13.10 0.68
rs56101265 SLCO1B1*2_c.217T>C(F73L) 1,012 T - 0.00 0.00 0.00 0.00 0.00
rs56061388 SLCO1B1_c.245T>C(V82A) 1,011 T C 0.00 0.01 0.00 3.00 0.00
rs2306283 SLCO1B1*1B_c.388A>G(N130D) 1,012 A G 72.33 62.24 59.74 76.19 18.23
rs2306282 SLCO1B1*16_c.452A>G(N151S) 1,011 A G 1.29 0.08 0.00 0.40 0.00
rs72559745 SLCO1B1*3_c.467A>G(E156G) 1,011 A - 0.00 1.65 1.63 - -
rs4149056 SLCO1B1*5_c.521T>C(V174A) 1,012 T C 14.67 8.77 16.10 12.30 1.36
rs4149057 SLCO1B1_c.571T>C(L191L) 1,012 T C 27.17 36.74 60.74 24.31 14.45
rs72559746 SLCO1B1*18_c.578T>G(L193R) 1,012 T - 0.00 8.21 8.14 - -
rs2291075 SLCO1B1_c.597C>T(F199F) 1,012 C T 41.85 41.55 39.66 51.09 55.98
rs72559747 SLCO1B1_c.1007C>G(P336R) 1,011 C G 0.15 0.08 0.00 0.40 0.00
rs55901008 SLCO1B1*6_c.1058T>C(I353T) 1,012 T - 0.00 0.00 0.00 0.00 0.00
rs56387224 SLCO1B1*7_c.1294A>G(N432D) 1,012 A - 0.00 0.00 0.00 - -
rs72559748 SLCO1B1*8_c.1385A>G(D462G) 1,012 A - 0.00 - - - -
rs59502379 SLCO1B1*9_c.1463G>C(G488A) 1,012 G - 0.00 1.12 0.00 0.00 4.08
rs56199088 SLCO1B1*10_c.1964A>G(D655G) 1,012 A - 0.00 0.00 0.00 - 0.00
rs55737008 SLCO1B1*11_c.2000A>G(E667G) 1,012 A - 0.00 0.00 0.00 - 0.00

VKORC1 rs7294 VKORC1_c.*134G>A(3'UTR) 1,012 G A 7.76 38.54 37.39 9.60 45.87
rs11540137 VKORC1_c.*131C>A(3'UTR) 1,012 C - 0.00 0.00 0.00 - -

rs104894542 VKORC1_c.383T>G(L128R) 1,012 T - 0.00 - - - -
rs7200749 VKORC1_c.358C>T(L120L) 1,012 C - 0.00 5.97 0.00 0.00 21.94
rs72547528 VKORC1_c.292C>T(R98W) 1,012 C - 0.00 0.02 0.01 - 0.00
rs17884982 VKORC1_c.284-882A>T 1,012 A - 0.00 0.02 0.00 0.00 0.08
rs17884850 VKORC1_c.283+231G>A 1,012 G - 0.00 0.08 0.08 0.00 0.03
rs17886199 VKORC1_c.283+186T>C 1,012 T - 0.00 1.50 0.10 0.00 5.52
rs8050894 VKORC1_c.283+124G>C 1,012 C G 92.09 41.63 39.96 88.49 25.64
rs72547529 VKORC1_c.196G>A(V66M) 1,012 G - 0.00 0.20 0.00 0.00 0.68
rs9934438 VKORC1_c.174-136C>T 1,010 C T 92.13 35.58 38.77 88.49 5.45
rs13336384 VKORC1_c.174-429C>T 1,009 C T 0.00 1.84 0.00 0.00 6.66
rs17708472 VKORC1_c.173+525C>T 1,012 C T 0.15 9.37 23.36 0.30 3.33
rs13337470 VKORC1_c.173+486C>A 1,012 C - 0.00 0.60 0.00 0.00 2.27
rs2884737 VKORC1_c.173+324T>G 1,011 T C 0.54 9.15 25.55 0.10 0.91

rs104894541 VKORC1_c.172A>G(R58G) 1,012 A - 0.00 - - - -
rs104894540 VKORC1_c.134T>C(V45A) 1,011 T C 0.00 - - - -
rs104894539 VKORC1_c.85G>T(V29L) 1,006 G T 0.00 0.00 0.00 - -

rs9923231 VKORC1_c.-1639G>A(Promoter) 1,012 G A 92.05 35.56 38.77 88.49 5.45
rs17878544 VKORC1_c.-1877A>G(Promoter) 1,011 A - 0.00 12.08 1.19 0.00 42.44
rs17884388 VKORC1_c.-5014T>C(Promoter) 1,012 T - 0.00 0.08 0.00 0.00 0.30

CYP4F2 rs2108622 CYP4F2*3_18000G>A(V433M) 1,011 G A 31.85 23.86 29.03 21.43 8.25
rs2074900 CYP4F2_11602C>T(H343H) 1,011 C T 22.01 23.30 29.72 22.22 17.25
rs4605294 CYP4F2_8103C>T(L278F) 1,011 C T 0.00 0.00 0.00 - -
rs3093153 CYP4F2_7207G>T(G185V) 1,011 G T 0.15 3.00 6.96 0.00 3.78
rs3093136 CYP4F2_5034C>G(A116A) 1,012 C - 0.00 0.42 0.00 0.00 1.59
rs8110714 CYP4F2_2099C>T(N112N) 1,011 C T 0.00 3.49 0.00 0.30 12.41

rs8100960 CYP4F2_2042A>C(G93G) 1,009 A C 0.00 3.49 0.00 0.30 12.41
rs3093106 CYP4F2_165A>G(P55P) 1,011 A G 13.16 18.01 17.69 5.85 32.00
rs2906890 CYP4F2_38C>G(P13R) 1,012 C - 0.00 - - - -
rs2906891 CYP4F2_36G>C(W12C) 1,012 G - 0.00 - - - -

Table 1. (Continued) Affymetrix DMET results in Korean, EUR, EAS, and AFR populations



140https://tcpharm.org https://doi.org/10.12793/tcp.2021.29.e14

Analysis of pharmacogenes in Koreans using the DMET platform

Gene* rs number Common name Sample 
count

Reference 
allele

Alternative 
allele

Alternative allele frequency† (%)
Korean Global EUR EAS AFR

CYP2B6 rs34223104 CYP2B6*22_-82T>C 1,011 T C 0.54 1.64 0.89 0.20 3.63
rs8192709 CYP2B6*2_64C>T(R22C) 1,009 C T 2.97 4.75 6.26 4.66 4.16

rs35303484 CYP2B6*11_136A>G(M46V) 1,012 A - 0.00 0.12 0.40 0.00 0.08
rs2279341 CYP2B6_12740G>C(P72P) 1,009 G C 3.12 5.19 6.06 4.86 5.14

rs36060847 CYP2B6*12_12820G>A(G99E) 1,012 G - 0.00 0.02 0.00 0.00 0.00
rs12721655 CYP2B6*8_13072A>G(K139E) 1,012 A - 0.00 0.08 0.10 0.00 0.15
rs35773040 CYP2B6*14_13076G>A(R140Q) 1,012 G A 0.05 0.10 0.20 0.00 0.00
rs4803418 CYP2B6_14593C>G 1,006 C G 47.02 29.13 31.91 43.45 9.53
rs3826711 CYP2B6*26_15614C>G(P167A) 1,010 C G 0.69 0.10 0.00 0.50 0.00

rs36056539 CYP2B6*20_15618C>T(T168I) 822 C T 0.00 0.02 0.00 0.00 0.00
rs45482602 CYP2B6*3_18045C>A(S259R) 1,012 C A/T 0.00 0.08/0.06 0.10/0.00 0.00/0.00 0.08/0.23
rs2279343 CYP2B6*4_18053A>G(K262R) 1,012 A G 22.18 22.85 22.47 - 22.90
rs2279344 CYP2B6_18273G>A 897 G A 66.22 76.16 62.52 69.44 87.07

rs28399499 CYP2B6*16_21011T>C(I328T) 1,012 T - 0.00 2.32 0.00 0.00 8.25
rs34826503 CYP2B6*19_21034C>T(R336C) 1,012 C - 0.00 0.10 0.00 0.10 0.30
rs34097093 CYP2B6*28_21160C>T(R378X) 1,012 C - 0.00 0.00 0.00 - 0.00
rs35979566 CYP2B6*15_21388T>A(I391N) 1,012 T - 0.00 0.18 0.50 0.00 0.08
rs35010098 CYP2B6*21_21498C>A(P428T) 1,011 C A 0.00 0.00 0.00 - 0.00
rs8192719 CYP2B6_21563C>T 1,012 C T 16.11 31.69 24.16 21.63 37.44

DPYD rs1801268 DPYD*10_c.2983G>T(V995F) 1,012 G - 0.00 0.00 0.00 - 0.00
rs1801267 DPYD*9B_c.2657G>A(R886H) 1,012 G - 0.00 0.02 0.00 0.00 0.00
rs3918289 DPYD_c.1905C>T(N635N) 1,012 C - 0.00 0.02 0.10 0.00 0.00

rs55886062 DPYD*13_c.1679T>G(I560S) 1,012 T - 0.00 0.02 0.10 0.00 0.00
rs1801158 DPYD*4_c.1601G>A(S534N) 1,010 G A 0.00 0.96 3.08 0.00 0.23
rs1042479 DPYD_c.1074T>A(R358R) 1,012 T - 0.00 - - - -
rs1042478 DPYD_c.1035T>C(F345F) 1,012 T - 0.00 0.00 0.00 - 0.00

rs72549306 DPYD*11_c.1003G>T(V335L) 1,012 G - 0.00 0.00 0.00 - 0.00
rs6675198 DPYD_c.756T>C(G252G) 1,011 T C 0.00 0.00 0.00 0.00 0.00
rs1801266 DPYD*8_c.703C>T(R235W) 1,012 C - 0.00 0.01 0.01 - 0.00
rs6670886 DPYD_c.525G>A(S175S) 1,012 G - 0.00 0.01 0.01 0.00 0.16
rs2297595 DPYD_c.496A>G(M166V) 1,012 A G 1.68 5.65 11.93 1.79 3.10

rs72549309 DPYD*7_c.295delTCAT 1,012 TCAT - 0.00 0.00 0.00 - -
rs1801265 DPYD*9_c.85T>C(C29R) 1,011 T C 5.69 22.57 21.80 4.60 40.28

rs72549310 DPYD_c.61C>T(R21X) 1,012 C - 0.00 0.02 0.00 0.00 0.08
CYP2D6 rs1135840 CYP2D6_4180G>C(S486T) 1,007 C G 65.79 59.06 58.67 - 65.00

rs1135836 CYP2D6*18_4125dupGTGCCCACT 1,004 T - 0.00 0.08 0.00 0.40 0.00
rs72549346 CYP2D6*42_3259insGT 1,011 - - 0.00 0.02 0.00 0.00 0.23
rs72549347 CYP2D6*56_3201C>T(R344X) 1,010 C - 0.00 0.02 0.00 0.00 0.08
rs59421388 CYP2D6*29_3183G>A(V338M) 1,011 G - 0.00 2.88 0.00 0.00 10.74
rs28371725 CYP2D6*41_2988G>A(SpliceDefect) 1,011 G A 2.67 6.35 9.34 3.77 1.82
rs72549349 CYP2D6*44_2950G>C(SpliceDefect) 1,011 G - 0.00 0.00 0.00 - -
rs5030867 CYP2D6*7_2935A>C(H324P) 1,011 A - 0.00 0.18 0.00 0.00 0.00

rs16947 CYP2D6_2850C>T(R296C) 1,011 C T 15.18 36.65 35.67 - 46.90
rs28371720 CYP2D6*9_2615delAAG 1,010 AGA - 0.05 - - - -
rs72549351 CYP2D6*38_2587delGACT 1,006 GACT - 0.00 - - - -
rs72549352 CYP2D6*21_2573insC 1,000 - C 0.00 0.02 0.01 0.00 0.00
rs35742686 CYP2D6*3_2549delA(R259X) 1,010 A - 0.00 0.56 1.89 0.00 0.23
rs72549353 CYP2D6*19_2539delAACT 1,009 AACT - 0.00 0.02 0.01 - 0.00
rs72549354 CYP2D6*20_1973insG 1,011 - - 0.00 - - - -
rs72549356 CYP2D6*40_1863ins(TTTCGCCCC)2 1,011 - - 0.00 0.24 0.00 0.00 0.91
rs3892097 CYP2D6*4_1846G>A(SpliceDefect) 1,008 G A 0.69 9.31 18.59 0.20 6.05
rs5030865 CYP2D6*14or*8_1758G>A>T(G169RorX) 1,011 G A 0.69 0.20 0.00 0.99 0.00
rs1058164 CYP2D6_1661G>C(V136V) 1,011 C G 66.12 58.12 57.67 - 64.2
rs61736512 CYP2D6*29_1659G>A(V136I) 781 G A 0.00 2.94 0.00 0.00 10.97
rs28371706 CYP2D6_1023C>T(T107I) 1,011 C - 0.00 5.91 0.20 0.00 21.79
rs5030863 CYP2D6*11_883G>C(SpliceDefect) 1,010 G C 0.00 - - - -
rs72549357 CYP2D6*15_137insT 1,011 T - 0.00 - - - -
rs5030862 CYP2D6*12_124G>A(G42R) 1,011 G - 0.00 0.00 0.00 - 0.00

Table 1. (Continued) Affymetrix DMET results in Korean, EUR, EAS, and AFR populations

(continued to the next page)
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Gene* rs number Common name Sample 
count

Reference 
allele

Alternative 
allele

Alternative allele frequency† (%)
Korean Global EUR EAS AFR

rs1065852 CYP2D6_100C>T(P34S) 1,010 C T 51.09 23.80 20.18 57.14 11.27
rs1080985 CYP2D6_-1584C>G 1,010 C G 12.48 21.57 22.30 - -

N/A CYP2D6_-1961C>G>A 1,010 C - 0.00 - - - -
rs28360521 CYP2D6_-2178G>A 1,007 G A 50.99 26.94 20.18 57.04 23.07

UGT1A1 rs4124874 UGT1A1*60_c.-3279T>G(Promoter) 1,006 T G 30.27 58.81 41.55 35.62 89.86
rs10929302 UGT1A1*93_c.-3156G>A(Promoter) 1,011 G A 13.35 30.21 27.44 12.70 33.81
rs111741722 UGT1A1_c.-2950A>G 1,012 A G 13.39 31.86 31.23 - -
rs3755319 UGT1A1*112_c.-1353A>C 1,012 A C 30.04 55.01 41.45 35.52 76.01
rs887829 UGT1A1*80_c.-364C>T 1,012 C T 13.39 35.40 29.82 13.00 49.32
rs4148323 UGT1A1*6_c.211G>A(G71R) 1,011 G A 17.90 3.43 0.70 13.79 0.08
rs72551340 UGT1A1*45_c.222C>A(Y74X) 814 C A 0.00 0.00 0.00 - -
rs56059937 UGT1A1*62_c.247T>C(F83L) 1,012 T - 0.00 0.00 0.00 - 0.00
rs72551341 UGT1A1*12_c.524T>A(L175Q) 1,012 T - 0.00 0.01 0.01 - 0.00
rs72551342 UGT1A1*15_c.529T>C(C177R) 1,012 T - 0.00 0.00 0.00 - 0.00
rs72551343 UGT1A1*8_c.625C>T(R209W) 1,012 C - 0.00 0.02 0.00 0.00 0.00

rs35350960 UGT1A1*27_c.686C>A(P229Q) 1,012 C A 1.43 0.28 0.00 1.39 0.00
rs72551344 UGT1A1*43_c.698T>G(L233R) 1,012 T - 0.00 0.00 0.00 - -
rs72551345 UGT1A1*14_c.826G>C(G276R) 1,012 G - 0.00 - - - -
rs62625011 UGT1A1*11_c.923G>A(G308E) 1,010 G A 0.00 0.00 0.00 - 0.00
rs72551348 UGT1A1*9_c.992A>G(Q331R) 1,012 A - 0.00 0.00 0.00 - -
rs72551349 UGT1A1*10_c.1021C>T(R341X) 1,012 C - 0.00 0.00 0.00 - -
rs72551350 UGT1A1*4_c.1069C>T(Q357X) 1,012 C - 0.00 0.00 0.01 0.00 0.00
rs72551351 UGT1A1*16_c.1070A>G(Q357R) 1,012 A - 0.00 0.00 0.00 - -

rs55750087 UGT1A1*29_c.1099C>G(R367G) 1,011 C - 0.00 0.00 0.00 - -
rs72551352 UGT1A1*20_c.1102G>A(A368T) 1,011 G - 0.00 - - - -
rs72551353 UGT1A1*3_c.1124C>T(S375F) 1,012 C - 0.00 - - - -
rs72551354 UGT1A1*17_c.1143C>G(S381R) 1,012 C - 0.00 0.00 0.00 0.00 0.01
rs72551355 UGT1A1*18_c.1201G>C(A401P) 1,012 G - 0.00 - - - -
rs72551357 UGT1A1*24_c.1309A>T(K437X) 1,012 A - 0.00 - - - -
rs72551361 UGT1A1*55_c.1487T>A(L496X) 1,011 T A 0.00 - - - -
rs1042709 UGT1A1_c.1531G>C(A511P) 1,012 G - 0.00 0.00 - - 0.00

rs10929303 UGT1A1*76_c.*211C>T(3'UTR) 1,010 T C 88.17 77.29 78.35 88.80 61.79
rs1042640 UGT1A1*78_c.*339C>G(3'UTR) 1,012 C G 88.09 82.11 79.92 86.71 80.41

rs8330 UGT1A1*79_c.*440C>G(3'UTR) 1,012 C G 88.09 74.50 76.34 86.90 56.20
TPMT rs1142345 TPMT*3C_c.719A>G(Y240C) 1,012 A G 1.68 3.91 2.88 2.18 6.66

rs56161402 TPMT*8_c.644G>A(R215H) 1,012 G - 0.00 0.56 0.00 0.00 1.97
rs1800584 TPMT*4_c.626-1G>A(SpliceDefect) 1,012 G - 0.00 0.05 0.05 - 0.04
rs6921269 TPMT*24_c.537G>T(Q179H) 1,010 G T 0.00 0.74 0.00 0.00 2.65
rs2842934 TPMT_c.474C>T(I158I) 1,012 C T 73.62 75.3 77.63 76.19 81.01
rs72552739 TPMT_c.292G>T(E98X) 1,012 G - 0.00 0.02 0.02 - 0.00
rs1800462 TPMT*2_c.238G>C(A80P) 1,012 G - 0.00 0.22 0.60 0.00 0.08

CYP3A5 rs28365085 CYP3A5*3F_31551T>C(I488T) 1,011 T C 0.64 0.16 0.00 0.79 0.00
rs41279854 CYP3A5*3K_29753T>C(F446S) 1,011 T - 0.00 0.02 0.10 0.00 0.00
rs28365083 CYP3A5*2_27289C>A(T398N) 1,012 C - 0.00 0.08 0.40 0.00 0.00
rs41303343 CYP3A5*7_27131insT 1,012 T - 0.00 3.15 0.00 0.00 11.80
rs28383479 CYP3A5*9_19386G>A(A337T) 1,012 G - 0.00 0.00 0.00 - 0.00
rs10264272 CYP3A5*6_14690G>A(SpliceDefect) 1,012 G A 0.05 4.45 0.30 0.00 15.43
rs56411402 CYP3A5*4_14665A>G(Q200R) 1,010 A G 0.05 0.08 0.00 0.40 0.00
rs55965422 CYP3A5*5_12952T>C(SpliceDefect) 1,012 T C 0.69 0.08 0.00 0.40 0.00
rs41279857 CYP3A5_7303C>A(S100Y) 1,010 C A 0.00 0.06 0.20 0.00 0.00
rs56244447 CYP3A5*3D_7249T>G(L82R) 1,004 T - 0.00 0.02 0.02 0.00 0.00

rs776746 CYP3A5*3_6986A>G(SpliceDefect) 1,005 A G 78.06 88.17 93.02 67.70 30.20
rs72552791 CYP3A5*3L_3775A>G(Y53C) 1,012 A - 0.00 0.00 0.00 - 0.00
rs28383468 CYP3A5*3B_3705C>T(H30Y) 1,012 C - 0.00 0.17 0.16 0.00 0.05
rs55817950 CYP3A5*8_3699C>T(R28C) 1,012 C - 0.00 0.01 0.00 - 0.00

G6PD rs5030870 G6PD_c.427G>A(D143N) 1,012 G - 0.00 0.00 0.00 - -
DMET, Drug Metabolizing Enzyme and Transporter; EUR, European; EAS, East Asian; AFR, African.
*These pharmacogenes are referred to in the ‘Clinical Pharmacogenetics Implementation Consortium Dosing Guideline’; †EUR, EAS, AFR data from 1000 
Genomes, Allele Frequency Aggregator, Exome Aggregation Consortium, Genome Aggregation Database, and HapMap.
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Phenotypes of clinically relevant DMET markers in the Korean population
The frequencies of the expected phenotype for clinically important ADME genes are summarized 
and presented in Fig. 1 and Table 3. More than 80% of the Korean population with the CYP2C19 
phenotype was classified as either EM or IM. A small population (≤ 1%) was classified as UM, 
and approximately 1% was classified as PM. The results for VKORC1 and CYP4F2 both showed 
a high percentage of decreased functional variants in the Korean population. In the Korean 
population, the frequency of causative SNPs of the VKORC1 gene for the low warfarin dose 
phenotype was more than 90%, and the decreased functional variant of the CYP4F2 gene was 
more than 50%. The diplotype frequencies of the CYP2C8, SLCO1B1 and CYP3A5 genes mostly 
showed minimally decreased functional variants, and less than 5% were classified as low-activity 
or PM variants. The results for the CYP2C9 and CYP2B6 genes had some missing allele frequency 
data, and accurate calculation of the entire diplotype percentage was not possible.
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Table 2. Allele frequencies of clinically relevant DMET markers according to ethnic groups
Gene* Related drugs rs number Allele Function change Alternative allele frequency† (%)

Korean (n = 1,012) Global EUR EAS AFR
CYP2C19 Amitriptyline 

clopidogrel 
citalopram 
voriconazole

rs12248560 *17 Increased function 1.04 15.32 22.37 1.49 23.52
rs17878459 *2B No function 0.05 0.90 3.58 0.00 0.38
rs4986893 *3 No function 9.55 1.42 0.00 5.56 0.23
rs4244285 *2 No function 29.05 22.14 14.51 31.25 17.02

CYP2C9 Celecoxib ibuprofen 
warfarin phenytoin

rs72558187 *13 Decreased function 0.25 0.06 0.00 0.30 0.00
rs1799853 *2 Decreased function 0.05 4.79 12.43 0.10 0.83
rs28371685 *11 Decreased function 0.00 0.72 0.20 0.00 2.42
rs28371686 *5 Decreased function 0.00 0.46 0.00 0.00 1.66

CYP2C8 Ibuprofen 
rosiglitazone

rs10509681 *3 Decreased function 0.05 4.57 11.83 0.10 0.83
rs11572103 *2 Decreased function 0.00 5.47 0.40 0.00 18.91
rs11572080 *3 Decreased function 0.05 4.57 11.83 0.10 0.83

SLCO1B1 Simvastatin rs4149015 *17 Decreased function 14.44 5.47 6.46 13.10 0.68
rs72559745 *3 Possible decreased function 0.00 1.65 1.63 - -
rs4149056 *5 Decreased function 14.67 8.77 16.10 12.30 1.36
rs59502379 *9 Possible decreased function 0.00 1.12 0.00 0.00 4.08

VKORC1 Warfarin rs7294 c.*134G>A Increased warfarin dose 7.76 38.54 37.39 9.60 45.87
rs9934438 c.174-136C>T Inert, linked with rs9923231 92.13 35.58 38.77 88.49 5.45
rs9923231 c.-1639G>A Decreased warfarin dose 92.05 35.56 38.77 88.49 5.45

CYP4F2 Warfarin rs2108622 *3 Decreased function 31.85 23.86 29.03 21.43 8.25
CYP2B6 Efavirenz rs34223104 *22 Increased function 0.54 1.64 0.89 0.20 3.63

rs3826711 *26 Decreased function 0.69 0.10 0.00 0.50 0.00
rs2279343 *4 Increased function 22.18 22.85 22.47 - 22.90

rs28399499 *16 Decreased function 0.00 2.32 0.00 0.00 8.25
CYP2D6 Amitriptyline 

atomoxetine codeine 
tamoxifene

rs59421388 *29 Decreased function 0.00 2.88 0.00 0.00 10.74
rs28371725 *41 Decreased function 2.67 6.35 9.34 3.77 1.82
rs35742686 *3 No function 0.00 0.56 1.89 0.00 0.23
rs3892097 *4 No function 0.69 9.31 18.59 0.20 6.05
rs5030865 *14or*8 Decreased function/No function 0.69 0.20 0.00 0.99 0.00
rs61736512 *29 Decreased function 0.00 2.94 0.00 0.00 10.97
rs1065852 *10 Decreased function 51.09 23.80 20.18 57.14 11.27

UGT1A1 Atazanavir irinotecan rs4148323 *6 Decreased function 17.90 3.43 0.70 13.79 0.08
rs35350960 *27 Decreased function 1.43 0.28 0.00 1.39 0.00

TPMT Azathioprine 
mercaptopurine 
thioguanine

rs1142345 *3C No function 1.68 3.91 2.88 2.18 6.66

CYP3A5 Tacrolimus 
cyclosporine

rs28365085 *3F No function 0.64 0.16 0.00 0.79 0.00
rs41303343 *7 No function 0.00 3.15 0.00 0.00 11.80
rs10264272 *6 No function 0.05 4.45 0.30 0.00 15.43
rs776746 *3 No function 78.06 88.17 93.02 67.7 30.2

DMET, Drug Metabolizing Enzyme and Transporter; EUR, European; EAS, East Asian; AFR, African.
*These pharmacogenes are referred to in the ‘Clinical Pharmacogenetics Implementation Consortium Dosing Guideline’; †EUR, EAS, AFR data from 1000 Genomes, 
Allele Frequency Aggregator, Exome Aggregation Consortium, Genome Aggregation Database, and HapMap.
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Figure 1. Phenotypes of clinically relevant absorption, distribution, metabolism, and elimination genes.

Table 3. Phenotypes of clinically relevant DMET markers in Korean population (n = 1,012)
Gene* Related drugs Diplotype Phenotype Sample count (%)
CYP2C19 Amitriptyline, *1/*1 EM 372 (36.76)

clopidogrel, *1/*17 UM 9 (0.89)
citalopram, *17/*17 UM 1 (0.10)
voriconazole *1/*2A IM 363 (35.87)

*1/*2B IM 0 (0.00)
*1/*3 IM 106 (10.47)

*2A/*17 IM 9 (0.89)
*3/*17 IM 1 (0.10)

*2A/*2A PM 76 (7.51)
*2A/*2B PM 1 (0.10)
*2A/*3 PM 62 (6.13)
*3/*3 PM 12 (1.19)

CYP2C9 Celecoxib, *1/*1 EM NA (NA)
ibuprofen, *1/*2 PM 1 (0.10)
warfarin, *1/*5 PM 0 (0.00)
phenytoin *1/*11 PM 0 (0.00)

*1/*13 PM 5 (0.49)

(continued to the next page)



DISCUSSION

The distribution of genetic markers in the CYP2C19 gene was significantly different between the 
Korean population and the EUR and AFR populations (Table 2). The CYP2C19 gene encodes 
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Gene* Related drugs Diplotype Phenotype Sample count (%)
CYP2C8 Ibuprofen, *1/*1 EM 1,011 (99.90)

rosiglitazone *1/*2 PM 0 (0.00)
*1/*3 PM 1 (0.10)

SLCO1B1 Simvastatin *1/*1 Normal activity 731 (72.23)
*1/*5 Intermediate activity 265 (26.19)
*5/*5 Low activity 16 (1.58)

VKORC1 Warfarin Ref/Ref Normal activity 14 (1.38)
Ref/c.-1639G>A Decreased warfarin dose 133 (13.14)

c.-1639G>A/c.-1639G>A Decreased warfarin dose 865 (85.47)
CYP4F2 Warfarin *1/*1 Normal function 473 (46.74)

*1/*3 Decreased function 434 (42.89)
*3/*3 Decreased function 105 (10.38)

CYP2B6 Efavirenz *1/*1 Normal NA (NA)
*4/*4 UM 58 (5.73)

*22/*22 UM 0 (0.00)
*4/*22 UM 6 (0.59)
*1/*4 RM 327 (32.31)

*1/*22 RM 5 (0.49)
CYP2D6 Amitriptyline, *1 or *2/*1 or *2 NM NA (NA)

atomoxetine, *1 or *2/*10 NM 416 (41.11)
codeine, *1 or *2/*41 NM 29 (2.87)
tamoxifene *10/*10 IM 291 (28.75)

*41/*41 IM 2 (0.20)
*10/*41 IM 18 (1.78)

*1 or *2/*8 IM 6 (0.59)
*4/*10 IM 7 (0.69)
*8/*10 IM 8 (0.79)
*8/*41 IM 0 (0.00)
*4/*4 PM 2 (0.20)
*4/*8 PM 0 (0.00)

UGT1A1 Atazanavir, *1/*1 EM NA (NA)
irinotecan *1/*6 EM 260 (25.69)

*1/*80 EM 180 (17.79)
*27/*27 + *80 EM 11 (1.09)

*27/*80 EM 6 (0.59)
*6/*6 PM 27 (2.67)

*6/*80 PM 38 (3.75)
*80/*80 PM 11 (1.09)

*27 + *80/*80 PM 1 (0.10)
*27/*27 + *80/*80 PM 1 (0.10)

*6 + *27 + *80 PM 5 (0.49)
*6 + *27/*27 + *80 PM 5 (0.49)

TPMT Azathioprine, *1/*1 Normal NA (NA)
mercaptopurine, *1/*3C IM 34 (3.36)
thioguanine

CYP3A5 Tacrolimus, *1/*3 EM 46 (4.55)
cyclosporine *3/*3 IM 348 (34.39)

*3/*6 PM 617 (60.97)
*3/*6 PM 1 (0.10)

DMET, Drug Metabolizing Enzyme and Transporter; NM, normal metabolizer; EM, extensive metabolizer; UM, 
ultrarapid metabolizer; RM, rapid metabolizer; IM, intermediate metabolizer; PM, poor metabolizer.
*These pharmacogenes are referred to in the ‘Clinical Pharmacogenetics Implementation Consortium Dosing 
Guideline’.

Table 3. (Continued) Phenotypes of clinically relevant DMET markers in Korean population (n = 1,012)



CYP450 enzyme 2C19, which is responsible for the metabolism of a variety of drugs, including 
amitriptyline, clopidogrel, citalopram and voriconazole. Compared to that in the EUR and AFR 
populations, the allele frequency of an increased function variation (*17, rs12248560) was less 
frequent in the Korean population, and the allele frequency of a loss-of-function variation (*2, 
rs4244285; *3, rs4986893) was more frequent in the Korean population. The overall percentage 
of PM in the Korean population was approximately 15%, whereas the expected percentage in 
the EUR or AFR population was less than 3% (Table 3) [15-19]. Because dose reduction or use 
of alternative drugs is recommended when prescribing several CYP2C19 enzyme-metabolized 
drugs to CYP2C19 PM patients, genotype monitoring and subsequent dose modification will be 
useful for optimal pharmacotherapy of those drugs for Korean patients [31,32].

The distribution of increased VKORC1 function variation (rs7294) and decreased VKORC1 
function variation (rs9923231), which are associated with warfarin dose adjustment, were 
significantly different between the Korean versus the EUR and AFR populations (Table 2) [33]. 
The VKORC1 gene encodes the catalytic subunit of the vitamin K epoxide reductase complex, 
which is responsible for the reduction of inactive vitamin K 2,3-epoxide to active vitamin K in 
the endoplasmic reticulum membrane [34]. Compared to the global population, the Korean 
DMET results showed a significantly lower allele frequency of rs7294 (increased warfarin dose 
variation) and higher allele frequency of rs9923231 (decreased function variation). Overall, 
more than 90% of the Koreans were classified as diplotypes who needed reduced warfarin 
doses, whereas approximately 60% and 10% of the EURs and AFRs, respectively, were 
classified as diplotypes who needed reduced warfarin doses (Table 3) [15-19].

The Food and Drug Administration-approved warfarin drug label provides a guideline in 
choosing initial doses of warfarin according to a patient's VKORC1 and CYP2C9 genotypes 
[35]. Reduced dose of warfarin is recommended for patients with decreased VKORC1 function 
variation and/or CYP2C9 allele *2(rs1799853) and *3(rs1057910). CYP2C9*2 allele was present 
only at a single sample, and while *3 allele could not be defined for the data set due to 
quality control, approximately 8.5% of the Korean population is known to possess either 
CYP2C9*1/*3 or *3/*3 [36]. As dose reduction is recommended for combinations of such 
genetic variants, genotype monitoring and dose modification need to be considered for 
optimal pharmacotherapy of warfarin in Korean patients [34].

Our study results showed higher allele frequencies in two clinically significant alleles 
associated with decreased function of the enzyme (rs4148323 and rs35350960) compared to 
the global population (Table 2). UGT1A1 encodes UDP-glucuronosyltransferase 1-1, which 
is also known as UGT1A. The UGT1A PM in Koreans was approximately 8%, whereas the 
frequency in the EUR or AFR population was less than 1% (Table 3) [15-19]. According to 
the CPIC guidelines, the impact of genetic variation on the metabolism of UGT1A1-mediated 
drugs, such as atazanavir, may be substantial [26]. This result suggests that different 
therapeutic options or dose modifications should be considered for optimal pharmacotherapy 
of UGT1A1-related drugs, such as atazanavir and irinotecan, in Korean patients.

In the Korean population, the allele frequencies of decreased function variations of the 
SLCO1B1 gene (*17, rs4149015; *5, rs4149056) were comparable with the EUR and EAS 
populations but were significantly higher than those of the AFR population (Table 2). 
SLCO1B1 encodes the solute carrier organic anion transporter family member 1B1 protein, 
and rs4149056 is related to statin-induced myopathy [22]. The overall percentage of SLCO1B1 
low activity individuals (*5/*5) was 1.6% in the Korean population (Table 3). Combined 
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with the knowledge that statins are generally well tolerated drugs with minimal side effects 
[37], dosing adjustment or therapeutic drug monitoring of simvastatin from an established 
regimen may not be needed in Korean patients.

In the Korean population, the overall allele frequencies of no function/decreased function 
variations of the CYP2D6 gene (rs59421388, rs28371725, rs35742686, rs3892097, rs5030865, 
rs61736512, and rs1065852) were lower than those in the EUR or AFR population and were 
comparable to those in the EAS population (Table 2). CYP2D6 is one of the most extensively 
studied drug-metabolizing enzymes and encodes CYP450 enzyme 2D6. Approximately 0.2% 
of the tested samples were classified as PM for CYP2D6, which was comparable with previous 
study results (Table 3) [38-40]. With the percentage of CYP2D6 PM in the Korean population 
being minimal, monitoring of drugs selectively metabolized by CYP2D6 may not be needed in 
Korean patients.

The TPMT *3C variant (rs1142345) associated with thiopurine methyltransferase deficiency 
had a lower allele frequency in the Korean population than in global populations (Table 1). 
TPMT encodes thiopurine S-methyltransferase, and loss-of-function is related to conditions 
known as thiopurine methyltransferase deficiency. Dosage adjustment of TPMT-related 
drugs, such as azathioprine, mercaptopurine and thioguanine, may not be required when 
prescribing to Korean patients.

CYP3A5 gene alternative allele frequencies in the Korean population were mostly insignificant, 
except at rs776746, which represents *3 with no function variation. The frequency of *3 loss-
of-function variation of CYP3A5 in the Korean population was ≤ 78% compared to almost 90% 
in the global population (Table 2). According to the CPIC guidelines, dosing adjustment of 
drugs, such as tacrolimus, is strongly recommended for CYP3A5 expressers [28]. Because the 
percentage of CYP3A5 expressers in the Korean population is significantly higher than that in the 
global population, routine monitoring of the drug concentration and/or genotyping should be 
considered when prescribing drugs that are related to the CYP3A5 genotype to Korean patients.

Our study showed that the frequencies of genes that encode drug-metabolizing enzymes 
and transporters in the Korean population were largely comparable to those in the EAS 
population, which agreed with our previous study [13]. Therefore, minimal adjustment is 
expected to be required when extrapolating clinical data acquired from EAS populations, 
while caution may be required when applying data from EUR or AFR populations.

One of the limitations of our study is that the results for the CYP2D6, UGT1A1 and TPMT genes 
had some allele frequency data missing, which prevented accurate calculation of the overall 
diplotype percentage. The missing SNP frequencies in the respective genes (rs5030655 
in CYP2D6; rs8175347 and rs28900406 in UGT1A1; and rs1800460 in TPMT) are all known 
to be monomorphic in the EAS population and are expected to have minimal impact on 
the calculation of overall diplotype percentage. Based on the assumption that the Korean 
population is monomorphic for the SNPs stated above, CYP2D6 and TPMT are expected to 
have a minimal PM phenotype, and the UGT1A1 gene is expected to have an approximately 10% 
PM phenotype in the Korean population. There was also an issue of assigning phenotypes to 
each sample. A limitation of a gene-chip platform such as DMET™ is that, when a star allele 
has multiple defining SNPs, assigning star allele may not be possible because a gene-chip 
does not provide information on whether the SNPs are from the same chromosome or not. 
Consequently, frequencies of star alleles such as CYP2D6*2 was not calculable.
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The aim of this study was to elucidate pharmacogenetic characteristics in a Korean population 
that contribute to variations in pharmacokinetic and pharmacodynamic responses to drugs. 
For the comprehensive analysis of pharmacogenetic markers, we used DMET™ microarray 
platform. The DMET™ platform tests a broad collection of genetic markers in ADME-related 
genes. One of the advantages of analysis using DMET™ over other genotyping methods is 
that it allows a time-efficient, large-scale genotyping at an acceptable cost. DNA chips such as 
DMET™ can be especially useful when testing for specific field of interest.

We analyzed 1,785 ADME related genetic markers from 1,012 Koreans (Table 1 and 
Supplementary Data 1). Additionally, we compared the genetic markers of Koreans to 
those of other populations obtained from various previous studies [15-19]. Our study was 
the first large-scale comprehensive pharmacogenetic investigation in a Korean population. 
The results from our study will be useful for understanding the diverse genetic properties 
in Koreans that contribute to interindividual variations in the ADME of drugs. The 
pharmacogenetic data obtained from this study can be utilized to optimize drug selection, 
recommend the desirable dosage and prevent adverse events in Korean patients [41].

SUPPLEMENTARY MATERIAL

Supplementary Data 1
Affymetrix DMET SNP frequency results in Korean population.

Click here to view
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