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INTRODUCTION

Glucuronidation is a critical and elimination process

in the detoxification of many different exogenous and

endogenous compounds (Radominska-Pandya et al.,
1999; Tukey & Strassburg, 2001). Glucuronides ac-

count for ~35% of all phase II drug metabolites (E-

vans & Relling, 1999), including therapeutic drugs

such as SN-38, which is the active antitumor metabo-

lite of the prodrug irinotecan, as well as endobiotics

such as bilirubin and steroid hormones. Glucuronida-

tion is catalyzed by the UDP-glucuronosyltransfera-

ses (UGTs) which exist as a superfamily of indepen-

dently regulated enzymes (Mackenzie et al., 1997).

Four UGT families have been identified: UGT1,

UGT2, UGT3 and UGT8 (Mackenzie et al., 2005).

The human UGT1A gene consists of 13 different iso-

forms (UGT1A1-UGT1A13), all of which are derived

from a single gene locus; it spans approximately 200

kb on chromosome 2q37 and consists nine active and

four inactive exon 1 segments (in the following seg-

ment order: UGT1A12P, 1A11P, 1A8, 1A10, 1A13P,

1A9, 1A7, 1A6, 1A5, 1A4, 1A3, 1A2P and 1A1) and

common exons 2-5. One of the nine active exon 1 (i.e.

1A1) can be used in conjunction with the same four

downstream exons (Gong et al., 2001; Tukey &

Strassburg, 2001). A number of genetic polymor-

phisms including single nucleotide polymorphisms

(SNPs) in UGT1As have been identified and pub-

lished on the UDP-glucuronosyltransferase home-

page (http://www.flinders.edu.au/medicine/sites/clinical-phar-

macology/ugt-homepage.cfm). Some of these polymor-

phisms are known to affect glucuronidation rates

(Guillemette et al., 2000a; Gagné et al., 2002; Huang
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et al., 2002; Elahi et al., 2003; Guillemette, 2003; Jin-

no et al., 2003a, b; Villeneuve et al., 2003; Ehmer et
al., 2004; Nagar et al., 2004). UGT1A1 is the principal

isoform involved in the glucuronidation of bilirubin

(Tukey & Strassburg, 2000; Verlaan et al., 2004). The

variant of the TATA box [-52(TA) 7, *28 allele] in

promoter of UGT1A1 is implicated in Gilbert syn-

drome in Caucasians (Bosma et al., 1995; Beutler et
al., 1998) and also is associated with an increased risk

of breast cancer (Guillemette et al., 2000a) and irino-

tecan toxicity, a commonly used anticancer agent

(Ando et al., 2000; Iyer et al., 2002; Innocenti et al.,
2004). In addition, it has been reported that the UGT1A7
alleles (Guillemette et al., 2000b; Gagné et al., 2002),

*2 [387T>G (Asn129Lys), 391C>A (Arg131Arg) and

392G>A (Arg131Gln)], *3 [(Asn129Lys), (Arg131Arg),

(Arg131Gln) and 622T>C (Trp208Arg)] and *4

(Trp208Arg), and UGT1A9 alleles (Villeneuve et al.,
2003) show reduced activities towards benzo(a)pyre-

ne metabolites (for SN-38 glucuronidation).

Recent pharmacogenomic studies have suggested

that combinations of SNPs (haplotypes) on a chro-

mosome, have the advantage of providing more use-

ful information than individual SNPs to investigate

the phenotype-genotype links (Judson et al., 2000).

Haplotype-tagging SNPs (htSNPs) retain most of the

information in high-density marker maps, while re-

ducing genotyping requirements. The htSNPs are be-

ing evaluated for their usefulness in pharmacogenetic

studies (Ahmadi et al., 2005). Thus, it could lead to a

cooperative alteration in glucuronidation activity if

co-occurrence of the SNPs or segmental haplotypes

with functional changes in the UGT1A complex.

Kohle et al. (2003) reported that UGT1A1*28 occurs

frequently with UGT1A6*2 (T181A/R184S) as well

as UGT1A7*3 in whites and Egyptians. In Americans,

UGT1A7*3, was completely associated with the

UGT1A91*b (delT-118) allele. It is likely that the ha-

plotype structure of the UGT1A gene varies with eth-

nicity and any conclusions of previous studies may be

limited by ethnicity. China has 56 ethnic groups and

Tibet is one of the ethnic groups in China. However,

there is no systematic polymorphism screening and

study of patterns of haplotypes and htSNPs of the

UGT1A9, 1A7 and 1A1 gene in Chinese Tibetan po-

pulation. Therefore, in the present study, we systema-

tically screened the upstream putative promoter re-

gions exon 1 of UGT1A9, 1A7 and 1A1 gene and

common exons 2-5 in 100 Chinese Tibetans from

Qinghai province. These polymorphism data can be

used to explore haplotype structures in UGT1A9, 1A7

and 1A1 locus and to identify htSNPs in Tibetan popu-

lations. The present knowledge of UGT haplotypes

and htSNPs can improve understanding of genetic

risk factors and increase the safety and efficiency of

individualization of drug dosage while avoiding into-

xication by studying drug response and developing

the targeted drug therapy for individual patients in

Chinese Tibetan population.

MATERIALS AND METHODS

Subjects and human genomic DNA 

A total of 100 unrelated Tibetan subjects residing in

Qinghai province for UGT1A9, 1A7 and 1A1 were in-

cluded in the genotyping study. The genomic DNA

was extracted directly from peripheral blood leuko-

cyte (Gabriel et al., 2002) using DNA blood mini kit

(Qiagen, Hilden, Germany). There were 50 males and

50 females (their age ranged from 18 to 40 years old).

All participants were in good health according to

their medical history and after a physical examina-

tion. All study subjects provided their written consent

as regards their participation approved by the ethics

committee of Northwest University, Shaanxi.

Polymerase chain reaction (PCR) and DNA sequencing

The promoters and exon 1 of UGT1A9, 1A7 and 1A1,

as well as common exons 2-5 were amplified from ge-

nomic DNA using the primers designed with the aid of

the Web-based primer3 software (Table 1). The ampli-

fied DNA was purified using a Product Pre-Sequencing

Kit (USB Co., Cleveland, OH, USA) and directly se-

quenced using an ABI BigDye Terminator Cycle Se-

quencing Kit (Applied Biosystems, Foster City, CA,

USA). The results were analyzed on an ABI Prism3700

DNA Analyzer (Applied Biosystems, Foster City, CA,

USA). The sequence data were analyzed using the Se-

quencher4.9 software (Gene Codes Corp., Ann Arbor,

MI, USA; www.genecodes.com) and followed by visual in-

spection. The A of the ATG of the initiator Met codon

is denoted nucleotide +1 for UGT1A9, 1A7 and 1A1
and common exons 2-5 according to UGT1A1. Gen-

bank accession numbers of reference sequences are

NM021027.2, NM019077.2 and NM000463.2 for

UGT1A9, 1A7 and 1A1 gene, respectively.

Linkage Disequilibrium (LD) Block Determination
and Haplotype Analysis

Genotype and allelic frequencies were determined

for all the variants of UGT1A9, 1A7, and 1A1 for
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Chinese Tibetan population by SNPAlyze8 software.

Hardy-Weinberg equilibrium analysis by ¯2 test and

LD analysis were performed using Haploview4.2 soft-

ware for Tibetan population, and pairwise two-di-

mensional maps between SNPs were obtained for the

|D’| and r2 values. LD block was assigned according to

Gabriel’s definition (Gabriel et al., 2002). SNPs with

a Hardy-Weinberg equilibrium p value smaller than

the cutoff value of 0.05 were included in LD analysis.

The haplotypes structures in each LD block were ob-

tained by an expectation-maximization algorithm

with the Haploview4.2 program for the whole region

of UGT1A9, 1A7 and 1A1 locus. The htSNPs, a sub-

set of SNPs sufficient to quantify genetic variability of

haplotypes, were selected using Haploview4.2 soft-

ware. A group of haplotypes without amino acid

changes was defined as *1 allele, and the groups with

amino acid changes were numbered according to the

TABLE 1. Primers used for amplifying UGT1A1, 1A7, 1A9 and exons 2-5 and the size of PCR products

Gene Primer name Primer Product size

UGT1A9 1 P1F AAAGCTCTTTCTATAATAACAGTGG 481

P1R TGTAAATGCAGTCAAGTTTACAGT

2 P2F CTTACATTCTGGTGCTTGGT 501

P2R AGATTCATGAAGACATTGCTG

3 P3F TTTTGCAATGGTCCTTATCT 502

P3R ATTTCGTGAGGGATTCAAC

4 P4F AGCTCACCCATTAAAATCTG 516

P4R ATTGCAGAGACACAGGTGAG

5 P5F ATTGCAGAGACACAGGTGAG 519

P5R CGACATTGAAAGATAAAAAGG

6 P6F GCATTGCTTAATAATTTTGTTT 291

P6R AGAGAACTTCAGCCCAGAG

7 E1(1)F CCAAGGCAAAGACCATAAGCTA 619

E1(1)R CAAACTCCTGCAATTTGAAAAA

8 E1(2)F CATATACCCTGGAGGATCTGGA 623

E1(2)R ACTTACCATAGGCAACGGCTTT

UGT1A7 9 P1F ATTGCAGAGACACAGGTGAG 519

P1R CGACATTGAAAGATAAAAAGG

10 P2F AACTCATATTGCAGCACAGG 266

P2R AGAGAACTTCAGCCCAGAG

11 E1(1)F AAACTCATATTGCAGCACAGG 624

E1(1)R AAGTCAAAAATACCATTGGATGAA

12 E1(2)F CATTGCGAAGTGCATTTTCT 610

E1(2)R TCTTTTAATTTCCAAAGCCAGA

UGT1A1 13 P1F TACAGGACTGGCTCTTTCAG 500

P1R AGAGGAAGAAGGACGACTATG

14 P2F TCTTCCTCTCTGGTAACACTTG 302

P2R GTTCGCCCTCTCCTACTTAT

15 E1(1)F ACTCCCTGCTACCTTTGTGG 667

E1(1)R GCAGTGCATGCAAGAAGAAT

16 E1(2)F TGTCTGGCTGTTCCCACTTA 667

E1(2)R CCAGAAGATGATGCCAAAGA

E2-E5 17 E2F TGGATTTTGCATCTCAAGGA 481

E2R GCAGGGAAAAGCCAAATCT

18 E3-E4F TTCAGAGGACCCCTGTTTTC 687

E3-E4R CCTTTTGTCATTGATGACTGC

19 E5(1)F TTCTTAAGCAGCCATGAGCA 588

E5(1)R GGGGGCACGATACATATTCA

20 E5(2)F ATTAATCAGCCCCAGAGTGC 655



UGT Alleles Nomenclature home page (http://galien.

pha.ulaval.ca/labocg/alleles/alleles.html).

RESULTS

UGT1A9, 1A7, and 1A1 polymorphisms detected in
Chinese Tibetan population

All promoter regions and exon 1 of UGT1A9, 1A7
and 1A1, as well as the common exons 2-5, were sys-

tematically and comprehensively screened and a total

of 36 variants were detected in the DNA from 100

Chinese Tibetan subjects, of which 14 variants were

sequenced in the promoter regions, 12 in exon 1, two

in intron 1, one in intron 2, two in exon 4, one in the

exon 5 and four in 3′-UTR (Table 2). Of the 36 poly-

morphisms, seven [UGT1A9: -2189T>C, 588G>T

(Gly196Gly); UGT1A7: -561A>C, -103G>C, 128-

129insC (Frameshift), UGT1A1: 181G>A (Ala61Thr),

596C>G (Ser199Cys), 6637A>C] were novel poly-

morphisms. The information of the polymorphisms

was reported in Table 2. Using the ¯2 test for devia-

tion from Hardy-Weinberg equilibrium for the group,

only one SNP (211G>A in UGT1A1) did not fit with

the expected allele frequencies. 

Seven polymorphisms were found in the UGT1A9
(Table 2). Of the seven polymorphisms, six polymor-

phisms, [i.e. -2189T>C, rs6731242 (-1888T>G),

rs13418420 (-1819T>C), rs2741045 (-441C>T),

rs2741046 (-332T>C), rs67695772 (delT-118, *1b al-

lele)] were detected in promoter of UGT1A9 gene (rs

number corresponds to the SNP name). The polymor-

phism -2189T>C was a novel one and therefore no rs

number was found in GenBank. The six polymor-

phisms occurred at frequencies of 0.005, 0.110, 0.360,

0.035, 0.045 and 0.449, respectively in Tibetan popu-

lation. In exon 1 of UGT1A9 gene, a novel synony-

mous polymorphism 588G>T (Gly196Gly) was found

and the minor allele frequency was 0.020 in our stud-

ied subjects.

For UGT1A7 gene, thirteen variants were screen-

ed. In promoter region of UGT1A7, five variants [i.e.

-561A>C, rs4530361 (-543A>G), rs28946877 (-

341C>T), -103G>C and rs7586110 (-57T>G)] were

found at the frequencies of 0.055, 0.245, 0.126, 0.005

and 0.298, respectively (variants -561A>C and 

-103G>C were novel). In the exon 1 region, eight va-

riants were found; four were synonymous [rs7577677

(33C>A, Pro11Pro), rs17863778 (391C>A, Arg131Arg),

rs45462096 (660C>T, Cys220Cys) and rs17864686

(756G>A, Leu252Leu) and occurred at frequencies

of 0.291, 0.449, 0.005 and 0.136, respectively], three

were nonsynonymous variants [rs17868323 (387T>G,

Asn129Lys), rs17868324 (392G>A, Arg131Gln) and

rs11692021 (622T>C, Trp208Arg) and presented fre-

quencies of 0.444, 0.444 and 0.298, respectively] and

one (128-129insC) was a novel frameshift variant and

occurred at 0.005 frequency in Tibetan population.

Six UGT1A1 polymorphisms were detected; three

were in promoter region and three were in exon 1 re-

gion. In the promoter region, the variants rs887829 (-

364C>T *80 allele), rs873478 (-64G>C *81 allele)

and rs3064744 (-52(TA)6>7 *28 allele) were observed

at frequencies of 0.135, 0.082 and 0.013, respectively.

The variants 181G>A (Ala61Thr), rs4148323 (211G>A

Gly71Arg *6 allele) and 596C>G (Ser199Cys) ap-

peared at frequencies of 0.030, 0.390 and 0.010, re-

spectively, in exon 1 region; 181G>A (Ala61Thr) and

596C>G (Ser199Cys) were novel non-synonymous.

We detected ten variants in common exons 2-5

from the Tibetan subjects. A known variant rs6708136

(6634C>T) and a novel variant 6637A>C were de-

tected in intron 1 (minor allele frequencies were

0.005 and 0.005, respectively) and another known

variant rs4148327 (6893T>C) was detected in intron

2 (minor allele frequency was 0.095). Three nonsyno-

nymous variants [rs34946978 (7939C>T, Pro364Leu,

*63allele, exon 4), rs111033540 (8046A>C, Asn400His,

exon 4) and rs114982090 (12022C>T, Pro451Leu, ex-

on 5)] were found at frequencies of 0.085, 0.010 and

0.020, respectively. In 3′-UTR, four variants were de-

tected [i.e. rs10929303 (12483T>C), rs1042640

(12611G>C), rs34942353 (12691T>C) and rs8330

(12712G>C)] and the observed frequencies were

0.150, 0.121, 0.010 and 0.130, respectively.

The allele and genotype frequencies of UGT1A9,1A7
and 1A1 in Chinese Tibetan population

In present study, four alleles [*1a (wild-type), *1b

(delT -118), *1d (-441C>T, -332T>C and delT-118),

*1f (-1819T>C, -441C>T, -332T>C and delT -118)]

and seven genotypes were detected in UGT1A9 gene.

As to UGT1A7 gene, five alleles [*1 (wild-type), *2

(387T>G Asn129Lys, 391C>A Arg131Arg, and

392G>A Arg131Gln), *3 (387T>G Asn129Lys,

391C>A Arg131Arg, 392G>A Arg131Gln and

622T>C Trp208Arg), *4 (622T>C Trp208Arg) and

*11 (392G>A Arg131Gln)] and eight genotypes were

detected. For UGT1A1 gene, six alleles [*1 (wild-type),

*6 (211G>A Gly71Arg), *28 (-52(TA)6>7), *63

(7939C>T Pro364Leu), *80 (-364C>T), *81 (-64G>C)]

and nine genotypes were found (the sequence of
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UGT1A1 was used as reference sequence for com-

mon exons 2-5). The most frequent alleles and geno-

types were *1a (0.551) and *1a/b (0.505), *1 (0.546)

and *1/*3 (0.364) and *6 (0.390) and *1/*6 (0.480) in

UGT1A9, 1A7 and 1A1 for Tibetan population, re-

spectively. All the results are shown in Table 3 and

Table 4.

Linkage Disequilibrium and Haplotype Analysis 

Pairwise LD analysis for all detected polymorphisms

(included the rare polymorphisms) was performed by

calculating |D’| and r2 using Haploview4.2. The region

from UGT1A9 to 1A1 was decomposed into two dis-

crete LD blocks: Block 1 (1A7) and Block 2 (com-

mon exons 2-5) (Fig. 1). The data from the |D’| values

supported this block partitioning (Fig. 1); a pattern of

LD is present also between some UGT1A9 and

UGT1A7 variants and also between UGT1A1 and

UGT1A9 variants. In addition, a few exceptional

strong linkages (r2 > 0.8) beyond the LD blocks were

also observed (Table 2 and Fig. 1). More specifically,

the UGT1A7 391C>A (Arg131Arg) was strongly

linked with UGT1A7 387T>G (Asn129Lys) (r2=0.98)

and 392G>A (Arg131Gln) (r2=0.899). Δhe UGT1A7

-57T>G was linked with UGT1A7 33C>A (Pro11Pro)

(r2=0.808) and 622T>C (Trp208Arg) (r2=0.927),

while the UGT1A1 -52(TA)6>7 was strong linked with

UGT1A -364C>T (r2=0.873). The 3′-UTR 12712G>C

was strongly linked with 12611G>C (r2=0.954) and

12483T>C (r2=0.847).

Subsequent analysis of LD blocks of Tibetan pop-

ulation revealed eight common haplotypes for block

1 (>1% frequency accounted for 98.1% of UGT1A7
haplotype diversity) and three common haplotypes

for block 2 (accounted for 99.5% of exons 2-5 haplo-

type diversity). The haplotypes of LD block 1 was

made by the polymorphisms -543A>G, -341C>T, -

57T>G, 33C>T, 387T>G and 391C>A of UGT1A7
and the haplotype tag SNPs (htSNPs) were -543A>G,

-341C>T, -57T>G, 33C>T and 387T>G. The LD

block 2 consisted of 12483T>C, 12611G>C and

12712G>C and the haplotype tag SNPs (htSNPs)

were 12483T>C and 2712G>C (Table 5).

DISCUSSION

This study directly sequenced and provided a com-

prehensive analysis of the genetic variations of the

UGT1A9, 1A7 and 1A1 loci using genomic DNA from

TABLE 4. Genotypic frequencies of UGT1A1, 1A7, 1A9 in Chinese Tibetan population

Gene Genotype Frequency Gene Genotype Frequency Gene Genotype Frequency

UGT1A1 *1/*1 0.050 UGT1A7 *1/*1 0.263 UGT1A9 *1a/a 0.273
*1/*6 0.480 *1/*2 0.182 *1a/b 0.505

*1/*28 0.010 *1/*3 0.364 *1a/d 0.020
*1/*63 0.000 *1/*4 0.020 *1a/f 0.030
*1/*80 0.000 *1/*11 0.000 *1b/b 0.152
*1/*81 0.000 *2/*2 0.020 *1b/d 0.010
*6/*6 0.030 *2/*3 0.070 *1b/f 0.010

*6/*28 0.070 *2/*4 0.000 *1d/d 0.000
*6/*63 0.140 *2/*11 0.000 *1d/f 0.000
*6/*80 0.000 *3/*3 0.070 *1f/f 0.000
*6/*81 0.030 *3/*4 0.000

*28/*28 0.000 *3/*11 0.000
*28/*63 0.000 *4/*4 0.000
*28/*80 0.170 *4/*11 0.000
*28/*81 0.000 *11/*11 0.010
*63/*63 0.000
*63/*80 0.020
*63/*81 0.000
*80/*80 0.000
*80/*81 0.000
*81/*81 0.000
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Tibetan population. Seven, thirteen and six genetic

polymorphisms were detected in the promoter and

exon 1 of UGT1A9, 1A7 and 1A1, respectively, and

ten polymorphisms in common exons 2-5 (Table 2). 

Some of the polymorphisms of UGTs isoforms are

known to affect glucuronidation rates (Radominska-

Pandya et al., 1999; Tukey & Strassburg, 2001). The

SN-38, the active antitumor metabolite of the irinote-

can (a main therapeutic drug for the treatment of

metastatic colorectal cancer patients), is detoxified by

UGT1A isoforms. Previous studies have disclosed

that UGT1A1*28, UGT1A7*3 and UGT1A9*1b with

impaired enzyme function have the major effect on

the SN-38 detoxification (Gagné et al., 2002; Cecchin

et al., 2009). In this regard, systematically studying the

polymorphisms of UGT1A9, 1A7 and 1A1 might play

an important role in the prediction of toxicity and re-

sponsiveness to cytotoxic agents, as described for other

detoxifying enzymes (Di Martino et al., 2011).

Except the mechanism of detoxifying enzymes to

regulate the sensitivity of cancer cells to cytotoxic

drugs, other mechanisms also exist. One of these me-

FIG. 1. Linkage disequilibrium

(LD) analysis for UGT1A1, 1A7,

1A9 single nucleotide polymor-

phisms (SNPs); LD for all

UGT1A1, 1A7, 1A9 SNPs identi-

fied in Tibetan population. The

pairwise LD is expressed as r2 for

the polymorphisms in UGT1A1,
1A7, 1A9, and the common ex-

ons 2-5, which are located in the

same order on the chromosome.

A denser color represents a high-

er linkage. The nucleotide posi-

tions of polymorphisms in intron

2 and exon 5 are numbered as in

UGT1A1. Data in the square in-

dicate the D’ value.

TABLE 5. The haplotypes and haplotype tag SNPs (htSNPs) of Chinese Tibetan population (n=100)

Block Markers Haplotype
Population Total

htSNPs
frequencies frequencies

1 -543A>G; 341C>T; ACTCTC 0.529 0.981 -543A>G;

-57T>G; 33C>A; GCGAGA 0.214 -341C>T;

387T>G; 391C>A ATTCGA 0.114 -57T>G;

ACGAGA 0.053 33C>A; 

ACTCGA 0.025 387T>G

GCGCGA 0.020

ACTAGA 0.016

ATTCTC 0.010

2 12483T>C; 12611G>C; CCC 0.850 0.995 12483T>C;

12712G>C TGG 0.125 12712G>C

TCC 0.020



chanisms is based on the expression of nucleotide

carriers on cancer cells as in the case of gemcitabine

and its transporter human equilibrative nucleoside

transporter 1 (Santini et al., 2011). The polymorphisms

of these genes that regulate the pharmacokinetics

and pharmacodynamics of cytotoxic agents in the ef-

ficacy and safety would affect the prediction of toxici-

ty and responsiveness to cytotoxic agents. 

In order to improve understanding of genetic risk

factors and increase the safety and efficiency of drug

individualization and develop the targeted drug thera-

py for individual patients, we need innovative techno-

logical approaches to effectively and easily identify the

new genetic polymorphisms correlated with anticancer

drug activity or toxicity on a wide population and on

different gene regions. For instance, the emerging

technology of DMET microarray platform, would be

useful for easy identification of new genetic variants

correlated with anticancer drug activity or toxicity for

personalized medicine (Di Martino et al., 2011).

From the published results, it is known that the

luciferase-reporter activity of UGT1A9 -118 T10

(1A9*1b allele) was 2.6-fold as compared to that of

1A9 -118 T9 (Yamanaka et al., 2004). In our study the

frequency of delT -118 was 0.449 in Tibetan popula-

tion. The UGT1A7*3 allele, which was detected at

frequency of 0.288 in Tibetan population, has been

reported to encode for a 50% reduced catalytic activ-

ity enzyme (Strassburg et al., 1999; Guillemette et al.,
2000b) and has effect on SN-38 pharmacokinetics in

Asian patients (Han et al., 2006; Fujita et al., 2007). It

is known that the UGT1A7 -57T>G reduce 70% of

the luciferase activity (Lankisch et al., 2005) and is

linked with either 1A7*3 or *4 in Germans; in our

study, -57T>G was also linked with 1A7*3 or *4 in

Tibetan population (Fig. 1) and the observed frequen-

cy was 0.298 in Tibetan population. The UGT1A1*28,

in which a variable number of the thymine-adenine

(TA) repeats change the length of the TATA ele-

ment, the recorded frequency was 0.130 in our study.

The majority of Gilbert syndrome (GS) cases are al-

so associated with the polymorphism UGT1A1*28,

which is the binding site for factor IID and important

in the transcription mechanism (Monaghan et al.,
1996). The presence of seven repeats, instead of the

wild-type six repeats, has been found to be associated

with reduction in the efficiency of transcription of the

UGT1A1 gene, and patients with clinically diagnosed

GS were homozygous for the (TA)7 allele (Bosma et
al., 1995). In our study, UGT1A7 variants are not in

complete LD with UGT1A1*28 (Fig. 1), suggesting

that the phenotypic effects ascribed to UGT1A7*3

variants might not be fully dependent from those of

UGT1A1*28.

Each group differs from the others in its diet, cul-

tural habits, and primary language. The differences in

allele frequencies indicate that genetic composition

also varies among different geographical populations.

Systematic analysis of the polymorphisms of UGT1A9,

1A7 and 1A1 gene in Chinese Tibetan populations

and a mapping of the polymorphism distribution over

this group population will be useful for personalized

medicine in the Chinese Tibetan population. Link-

ages among the SNPs in UGT1A9, 1A7 and 1A1 have

been reported in Americans (Carlini et al., 2005). Our

results demonstrated that genetic polymorphisms of

UGT1A9, 1A7 and 1A1 locus in Tibetan population

significantly differ from American population. The

LD analysis of the identified polymorphisms revealed

two strong linkages in Tibetan population: LD block

1 within the polymorphisms in UGT1A7, and LD

block 2 with polymorphisms in exons 2-5. We know

that D’ values are known to fluctuate upward when a

small number of samples or rare alleles are examined.

In our study, the study samples were 100 (small size)

and all identified polymorphisms (including the low

frequency polymorphisms) were used to analyze the

LD blocks. It seems that the low allelic frequency of

some of the included variants and the small sample

size could make it difficult to highlight these patterns.

Some strong linkages were found beyond the LD

blocks in Tibetan population: strong linkages were

found between 391C>A (Arg131Arg) and 387T>G

(Asn129Lys) (r2 = 0.980) or 392G>A (Arg131Gln)

(r2=0.899) in UGT1A7, between -57T>G and 33C>A

(Pro11Pro) (r2=0.808) or 622T>C (Trp208Arg)

(r2= 0.927) in UGT1A7, between -52(TA)6>7 and -

364C>T (r2=0.873) in UGT1A1, between 12712G>C

and 12611G>C (r2=0.954) or 12483T>C (r2=0.847)

in 3′-UTR. These results suggest the presence of larger

LD blocks in UGT1A9, 1A7 and 1A1 locus and some

recombination events may break the LD blocks to

smaller ones.

Analysis of the haplotypes structure of LD blocks

and htSNPs across the entire UGT1A9, 1A7 and 1A1
for Tibetan population showed that there were eight

and three common haplotypes in LD block1 and block

2, respectively. From the result we can see that the dif-

ference in the haplotypes structure made a different

htSNP selection for the population (Table 5). For the

block 1, the htSNPs would be account for 98.1% of 1A7

haplotype diversity, and for the block 2, the htSNPs
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would be account for 99.5% of exons 2-4 haplotype di-

versity. The htSNPs selection would reduce the burden

of genotyping all SNPs for genetic association studies.

Since it was reported that the UGT1A9, 1A7 and

1A1 were major components in irinotecan detoxifica-

tion and elimination, we only comprehensively ana-

lyzed the genetic variations of the UGT1A9, 1A7 and

1A1 locus in Tibetan population in this study, even if

a minor role is suggested for UGT1A6, UGT1A8,

and UGT1A10 (Gagné et al., 2002 ).

This is the first study of the genetic structure of

the UGT1A9, 1A7 and 1A1 gene in the Chinese Ti-

betan population. The combined effects of some de-

creased-function variants will result in enzyme inacti-

vation. Different polymorphisms and their combina-

tions may produce markedly different results in terms

of UGT1A9, 1A7 and 1A1 activity, so htSNP detec-

tion and haplotype analysis would be helpful to iden-

tify the metabolizer phenotype and may aid in the de-

velopment of effective and targeted drug therapy for

individual patients and reduce drug toxicity.
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