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Abstract We previously published a series of detailed
maps of single nucleotide polymorphisms (SNPs) in the
genomic regions of 209 gene loci encoding drug metab-
olizing enzymes, transporters, receptors, and other
potential drug targets. In addition to the maps reported
earlier, we provide here high-resolution SNP maps of 23
genes encoding G-protein coupled receptors in the Jap-
anese population. A total of 300 SNPs were identified
through screening of these loci; 83 in four adenosine
receptor family genes, 45 in three adrenergic receptor
family genes, 22 in three EDG receptor family genes, 29
in three melanocortin receptor family genes, 22 in two
somatostatin receptor family genes, 21 in five anony-
mous G protein-coupled receptor family genes, and 78 in
the others (AVPR1B, OXTR, and TNFRSF1A). We also
discovered a total of 33 genetic variations of other types.
Of the 300 SNPs, 132 (44%) appeared to be novel on the
basis of comparisons with the dbSNP database of the
National Center for Biotechnology Information (US) or
with previous publications. The maps constructed in this
study will serve as an additional resource for studies of
complex genetic diseases and drug-response phenotypes

to be mapped by linkage-disequilibrium association
analyses.

Keywords Single nucleotide polymorphism Æ
Adenosine receptor genes Æ Adrenergic receptor genes Æ
EDG receptor genes Æ Melanocortin receptor genes Æ
Somatostatin receptor genes Æ Anonymous G
protein-coupled receptor genes Æ Japanese population Æ
High-density SNP map

Introduction

One of major goals in our laboratory is to establish
‘‘personalized medicine’’ on the basis of single nucleotide
polymorphisms (SNPs) regarding responsiveness or ad-
verse effects to drugs and susceptibility to common dis-
eases. To achieve this aim, we have been conducting
extensive screening programs to isolate SNPs in the Jap-
anese population. Particularly, we have focused on SNP
mapping in 209 genomic regions that correspond to genes
involved in themetabolism of drugs and have constructed
high-density SNP maps containing more than 6,500 ge-
netic variations (Iida et al. 2001a,b,c,d,e, 2002a,b,c,d,
2003; Saito et al. 2001a,b, 2002a,b,c,d, 2003a,b; Sekine
et al. 2001). Moreover, these efforts have allowed us to
identify a total of five mutations that may affect the gene
products, including two nonsensemutations inCYPgenes
and three frame-shift mutations (two in CYP genes and
one in theMGST1 gene) among Japanese healthy donors
(see a review by Iida and Nakamura 2003).

G-protein coupled receptors are cell-surface proteins
and are responsible for the signal transduction for a
variety of extracellular chemical signals such as photons,
Ca2+, nucleotides, amino acids, peptides, amines, fatty
derivatives, and various polypeptide ligands (see a
review by Howard et al. 2001). On recognition of such
ligands, these proteins mediate a variety of intracellular
signals via activation of heterotrimeric G-proteins that
in turn, activate various effector proteins, consequently
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resulting in a physiologic response for the cell (Mari-
nissen and Gutkind 2001). G-protein coupled receptors
are members of a large multigene family characterized
by similar structure, which consists of seven alpha-heli-
cal transmembrane segments connected by three intra-
cellular and three extracellular loops, an extracellular
amino-terminal domain, and an intracellular carboxyl-
terminal domain. So far, a large number of studies have
reported genetic variations of G-protein coupled recep-
tor gene loci and their role in etiology or predisposition
of human diseases (Rana et al. 2001). G-protein coupled
receptors are also considered to be good potential tar-
gets for drug development (Howard et al. 2001).

To expand the genetic basis for drug development as
well as eventually to enable clinicians to predict efficacy
and adverse drug reactions, we explored SNPs among 23
genes encoding G-protein coupled receptors. In this re-
port, we provide high-resolution maps of these gene loci
containing a total of 300 SNPs and 33 genetic variations
of other types that we detected in DNAs from 48 Jap-
anese volunteers.

Subjects and methods

Samples of peripheral blood were obtained with written informed
consent form 48 healthy Japanese volunteers for this study. The
SNP screening method described in an earlier report by Haga et al.
(2002) was the principal technique applied in this study. In brief, on
the basis of genomic sequences corresponding to each of the
receptor genes from the GenBank database in the US National
Center for Biotechnology Information (NCBI), we designed
primers to amplify all selected genes in their entirety, excluding
only regions that corresponded to repetitive sequences predicted by

the RepeatMasker program (http://repeatmasker.genome.wash-
ington.edu/cgi-bin/RepeatMasker). All gene symbols mentioned
through this report are according to the nomenclature in Locu-
sLink of NCBI.

Each polymerase chain reaction (PCR) was performed using
20 ng of a mixture of genomic DNAs from three individuals. All 16
mixed samples were amplified in the GeneAmp PCR system 9700
(PE Applied Biosystems, Foster City, Calif., USA) under the fol-
lowing conditions: initial denaturation at 94�C for 2 min, followed
by 35 cycles of denaturaion at 94�C for 30 s, annealing at 60�C for
30 s, extension at 72�C for 2 min, and post-extension at 72�C for
7 min. Products obtained from the PCR experiments served as
templates for direct sequencing and detection of SNPs, using the
fluorescent dye-terminator cycle-sequencing method. All SNPs de-
tected by the polyphred computer program (Nickerson et al. 1997)
were confirmed by sequencing both strands of each PCR product.

Results and discussion

By direct sequencing of DNA from 96 chromosomes, we
screened SNPs in a total of approximately 174.4-kb
genomic sequences that accounted for 60% of the 289.4-
kb genomic region encompassing the loci of 23 selected
genes, excluding the regions corresponding to human
repetitive sequences. We identified a total of 333 varia-
tions, including 300 SNPs and 33 genetic variations of
other types, and constructed a fine-scale SNP map of
each locus (Fig. 1, Table 1). Detailed information for
each variation identified in this study is summarized in
Table 2. The overall genomic distribution of SNP was 1
in every 581 nucleotides in the 174.4-kb region that we
sequenced. The overall frequencies of nucleotide substi-
tutions in our test population were counted as 31% for
A/G, 36.3% for C/T, 10% for C/G, 9.3% for T/G, 7.3%

Table 1 Summary of genetic variations identified in 23 gene-encoding G-protein coupled receptors. SNP Single nucleotide polymorphism

Gene symbol Accession number
(genomic DNA)

Genome
size

Screening
region

SNP Other type
of variation

Total Nonsynonymous
substitution

Identity to dbSNP/
previous report

New SNP

ADORA1 AC105940.2 80.8 22.9 40 5 45 0 20 20
ADORA2A AP000355.1 13.3 9.1 11 1 12 1 7 4
ADORA2B AC006251.3 36 11.9 16 1 17 0 10 6
ADORA3 AL390195.10 9 6.3 16 0 16 1 10 6
ADRA1A AC025712.4 >33.6 18.4 26 8 34 1 18 8
ADRA2A AL158163.11 8.9 8.4 12 0 12 0 10 2
ADRA2B AC092603.2 7.3 5.2 7 2 9 0 4 3
AVPR1B AF152238.1 12 8 35 2 37 3 1 34
EDG1 AL109741.19 8.5 6.6 11 3 14 0 6 5
EDG4 AC011458.7 8.5 4.5 6 0 6 0 3 3
EDG5 AC011511.12 5.1 3.3 5 1 6 1 4 1
MC1R AC092143.3 5.3 4.7 15 0 15 4 11 4
MC3R AL139824.22 5.1 3.5 8 0 8 2 7 1
MC4R AC091576.11 5 4.8 6 1 7 1 3 3
OXTR AF176315.2 23 14.5 27 0 27 1 17 10
SSTR1 AL450109.3 10 8.5 13 2 15 0 7 6
SSTR3 Z82188.2 6 4.9 9 0 9 0 7 2
TNFRSF1A AC006057.5 17.3 10.7 16 5 21 1 11 5
GPR1 AC007383.4 5.1 2.4 5 0 5 3 4 1
GPR2 AC027146.1 6.4 3.7 2 0 2 0 1 1
GPR3 AL096774.9 5 4 2 1 3 0 1 1
GPR4 AC011480.3 6.7 3.2 7 1 8 0 3 4
GPR10 AC067895.2 5.1 4.9 5 0 5 0 3 2
Total 289.4 174.4 300 33 333 19 168 132

198
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for A/C, and 6% for A/T; transitions occurred 2.1
times more frequently than transversions. By compar-
ing SNPs detected in this study with previous reports
from elsewhere (Sturm et al. 2001; Lubrano-Berthelier
et al. 2003; Schalin-Jantti et al. 2003) or with the
dbSNP database at NCBI, we were able to consider
132 of the 300 SNPs (44%) to be novel as of the end of
December 2003.

We also identified two novel nonsense mutations in
the Japanese healthy donors. One is a 322C fi T
(Arg108Stop) in ADORA3 belonging to adenosine
receptor gene family. The other is a 706C fi T
(Arg236Stop) in an anonymous G protein-coupled
receptor 1 gene. Both SNPs, each of which was identified
in a single individual among the 48 volunteers tested,
would be predicted to lack nearly half of the C-terminal
part of each gene product. However, since these muta-
tions were found in the healthy donors, we have no
information regarding its potential effects on the car-
rier’s susceptibility to any diseases or drug responses. In
all cases, more detailed genetic and functional studies
will be necessary to clarify a relationship between these
mutations and functional properties of these receptors.

Altogether, we have collected a total of 333 genetic
variations, including 300 SNPs and 33 genetic variations
of other types, among the 23 genes encoding G-protein
coupled receptors by screening 96 Japanese chromo-
somes. We hope our SNP catalog can contribute to
further investigations for identifying genes associated
with drug efficacy and/or adverse drug reactions and for
designing personalized medical care.
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