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that catalyze the transfer of nucleotide sugars to a large
number of exogenous and endogenous compounds to facili-
tate their elimination from target cells (see reviews by
Mackenzie et al. 1997; King et al. 2000). Structurally, mem-
bers of the UGT superfamily are defined by the presence of
a “signature sequence” in their carboxy-terminal halves,
which is thought to be involved in the binding of the
UDP moiety of the nucleotide sugar (Mackenzie et al.
1997). Endoplasmic reticulum-bound UGTs, which catalyze
glucuronidation of numerous endogenous substrates, in-
cluding bilirubin, bile acids, and steroids, have been well
studied in pharmacogenetics and clinical research because
they have central roles in the metabolism and detoxification
of foreign chemicals such as carcinogens and hydrophobic
drugs.

So far, at least 47 mammalian cDNAs/genes have been
identified and assigned to one of three distinct subfamilies
based on sequence identities, namely, UGT1, UGT2, and
UGT8 (Mackenzie et al. 1997). In humans the UGT1A gene
family is located on chromosome 2q37, where each UGT1
gene is composed of a unique first exon that is subsequently
spliced to four common exons (2 to 5). Members of the
UGT1A family conjugate mainly bilirubin, bile acids, phe-
nols, and steroid hormones (Mackenzie et al. 1997). The
UGT2 family is different in that its mRNAs are transcribed
from individual genes. On the basis of tissue-specific expres-
sion patterns, UGT2 genes are subdivided into the UGT2A
subfamily, encoding olfactory-specific isoforms, and the
UGT2B subfamily, encoding steroid-metabolizing iso-
forms in the liver (King et al. 2000). UGT2A1 catalyzes
glucuronidation of many odorant compounds including
monoterpenoids, as well as aliphatic alcohols, phenols, and
coumarins (Jedlitschky et al. 1999). UGT2B15 catalyzes
glucuronidation of a wide range of substrates, including
simple phenolic compounds, aliphatic alcohols, and endog-
enous steroids such as testosterone, catechol estrogens,
5 alpha-androstane-3 alpha, 17 beta-diol, and dihydro-
testosterone (Chen et al. 1993; Green et al. 1994). On the
other hand, the UGT8 family contains only a single member
to date, which encodes a key enzyme in the biosynthesis of
glycosphingolipids, cerebrosides, and sulfatides, essential
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Abstract We report here three high-density maps of varia-
tions found among 48 Japanese individuals in three uridine
diphosphate glycosyltransferase (UGT) genes, UGT2A1,
UGT2B15, and UGT8. A total of 86 single-nucleotide poly-
morphisms (SNPs) were identified through systematic
screening of genomic regions containing these genes: 8 in 5�
flanking regions, 7 in coding regions, 67 in introns, 3 in 3�
untranslated regions, and 1 in a 3� flanking region. We also
discovered 14 variations of other types. Of the 86 SNPs, 63
(73%) were considered to be novel on the basis of compari-
son of our data with the Database of SNPs (dbSNP) of the
National Center for Biotechnology Information. Among
the seven SNPs identified in exonic sequences, five were
non-synonymous changes that would result in amino-
acid substitutions. The collection of SNPs derived from
this study will serve as an additional resource for studies
of complex genetic diseases and responsiveness to drug
therapy.

Key words Uridine diphosphate glycosyltransferase
(UGT) · Single-nucleotide polymorphism (SNP) · High-
density SNP map · Nonsynonymous substitution · Japanese
population

Introduction

Uridine diphosphate glycosyltransferases (UDP glycosyl-
transferases; UGTs) represent a superfamily of enzymes
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Fig. 1a–c. Fine-scale single-nucleotide polymorphism (SNP) maps of
three loci containing uridine diphosphate glycosyltransferase (UDP
glycosyltransferase) genes. Exons and introns are represented by rect-

angles and horizontal lines, respectively. SNPs are indicated above the
genes (designations correspond to the left-most column in Table 1).
Other types of variation, where present, are indicated below the genes
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constituents of myelin membranes of the central and pe-
ripheral nervous systems (Bosio et al. 1996; Kapitonov and
Yu 1997).

In this report we provide high-resolution single-
nucleotide polymorphism (SNP) maps of three UGT gene
loci, in which we detected a total of 86 SNPs and 14 varia-
tions of other types among 96 chromosomes from a repre-
sentative Japanese population sample.

Subjects and methods

Blood samples were obtained with written informed con-
sent from 48 healthy Japanese volunteers for this study,
which was approved by the ethical committee of the
RIKEN SNP Research Center. The detailed methods used
to screen for SNPs are available in an earlier report
(Ohnishi et al. 2000) and from our website (http://snp.ims.u-
tokyo.ac.jp). In brief, on the basis of genomic sequences
from the Genbank database in the United States National
Center for Biotechnology Information (NCBI; accession
numbers UGT2A1, AC011254.3; UGT2B15, AC019173.4;
UGT8, U31353.1, U31461.1, U31658.1, U31861.1 and
U32370.1), we designed primers to amplify all three genes
in their entirety as well as 2-kb regions upstream of their
first exons and downstream of their polyA sites (Iida et al.
2002). However, we excluded from the screening process
most regions that corresponded to repetitive sequences pre-
dicted by the RepeatMasker program (http://repeatmasker.
genome.washington.edu/cgi-bin/RepeatMasker).

Each polymerase chain reaction (PCR) was performed
with 20ng of mixed genomic DNA derived from three
individuals. All 16 mixed samples were amplified in the
GeneAmp PCR System 9700 (PE Applied Biosystems,
Foster City, CA, USA) under the following conditions: ini-
tial denaturation at 94°C for 2min, followed by 35 cycles of
denaturation at 94°C for 30s, annealing at 60°C for 30s, and
extension at 72°C for 2min. Products obtained from the
PCR experiments were used as templates for direct se-
quencing and detection of SNPs using the fluorescent dye-
terminator cycle sequencing method. All SNPs detected by
the Polyphred computer program (Nickerson et al. 1997)
were confirmed by sequencing both strands of each PCR
product. The nomenclature we have used for these genes
is according to Online Mendelian Inheritance in Man of
NCBI and a review published previously by Mackenzie
et al. (1997).

Results and discussion

Sequencing of approximately 36kb of genomic DNA corre-
sponding to three loci containing the UGT2A1, UGT2B15,
and UGT8 genes identified a total of 100 variations among
48 Japanese individuals, including 86 SNPs and 14 varia-
tions of other types. The extent of each screened genomic
sequence was 22.4kb at the UGT2A1 locus, 10.8kb at the

UGT2B15 locus, and 2.8kb at the UGT8 locus, except for
most of the regions corresponding to repetitive sequences.
Fine-scale SNP maps of each locus were constructed (Fig.
1). We found 57 SNPs at the UGT2A1 locus (1 in 393bp on
average), 27 at the UGT2B15 locus (1 in 401bp), and 2 at
the UGT8 locus (1 in 1385bp). Detailed information about
each SNP is given in Table 1. Regional distributions of
the SNPs identified herein were as follows: 8 in 5� flank-
ing regions, 7 within coding regions, 67 in introns, 3 within
3� untranslated regions, and 1 in a 3� flanking region. Of
the 86 SNPs detected in our experiments, 63 (73%) were
not previously archived in the Database of SNPs (dbSNP)
of NCBI.

Of the seven SNPs we detected within coding regions,
five were non-synonymous: 922G�A (Gly308Arg) in exon
3 and 1171G�A (Val391Ile) in exon 5 of the UGT2A1
gene; 253G�T (Asp85Tyr) in exon 1 and 1568A�C
(Lys523Thr) in exon 6 of the UGT2B15 gene; and 677C�T
(Pro226Leu) in exon 1 of UGT8. Four of these nonsy-
nonymous substitutions were considered to be novel, the
exception being the 253G�T SNP of UGT2B15 (Lévesque
et al. 1997). All five could affect structures and/or biological
functions of the respective gene products.

The overall frequencies of nucleotide substitutions in
our test population (96 chromosomes) were counted as
31.4% for C/T, 25.6% for G/A, 15.1% for A/C, 10.5% for
T/A, 9.3% for C/G, and 8.1% for G/T. As expected, the
most common substitution was C/T (G/A) (57%); transi-
tions occurred 1.3 times more frequently than transversions.

The 86 SNPs identified here provide genetic data that
should be helpful for personalized medical care and also for
identifying genes associated with drug efficacy and/or
adverse drug reactions.
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