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Abstract We have been performing extensive screening
on single nucleotide polymorphisms (SNPs) in and
around genes encoding drug metabolizing enzymes,
transporters, and receptors and have constructed the
high-density SNP maps of such gene regions. In addition
to genetic information reported earlier, we identified a
total of 390 genetic variations, 358 SNPs and 32 genetic
variations of other types, detected in 29 genes encoding
G-protein coupled receptors in Japanese populations.
Following a comparison of our data with SNPs in the
dbSNP database in the US National Center for Bio-
technology Information, 156 SNPs from these gene loci
are considered to be novel. The fine-scale SNP maps
constructed in this study should serve an important re-
source for studies of linkage-disequilibrium mapping for
complex genetic diseases and drug-response phenotypes.
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Introduction

The G-protein coupled receptors (GPCRs) represent the
largest class of cell-surface receptors that recognize
extracellular messengers. All members of the GPCR

family, which consists of approximately 950 members in
humans (Takeda et al. 2002), are predicted to share se-
ven predicted a-helical transmembrane domains, extra-
cellular N-termini and intracellular C-termini, and
several conserved structure motifs (Howard et al. 2001).
Since these receptors mediate important cellular signals,
their mutations and polymorphisms are shown to be
responsible for or associated with a large number of
diseases. They are also known to be the targets of
therapeutic agents; 50% of all modern drugs are con-
sidered to target GPCRs (see reviews by George et al.
2002; Spiegel 1995).

To establish ‘‘personalized medicine’’ on the basis of
individual genetic variations, we have systematically
explored single nucleotide polymorphisms (SNPs) in the
genomic regions corresponding to drug-related genes
(Iida et al. 2001a–e, 2002a–d, 2004b; Saito et al. 2001a,
2001b, 2002a–d, 2003a; Sekine et al. 2001). As a part of
this program, we previously reported SNPs in genomic
regions corresponding to genes encoding GPCRs and
other known drug targets and constructed fine-scale
SNP maps containing more than 1,100 SNPs in 63 genes
(Iida et al. 2003, 2004a, 2004b; Saito et al. 2003b). We
further extended our SNP discoveries of the GPCRs in
96 chromosomes from healthy Japanese donors and here
report a total of 156 novel SNPs and 32 genetic varia-
tions of other types for 29 additional members of the
GPCR gene family GPR5-9, GPR11-18, GPR20,
GPR21-27, GPR29-31, GPR34, GPR35, and GPR37,
GPR39, and GPR40.

Subjects and methods

Samples of peripheral blood were obtained with written
informed consent form 48 healthy Japanese volunteers.
Polymerase chain reaction (PCR) experiments and
DNA sequencing were performed according to methods
described previously (Iida et al. 2003). In brief, on the
basis of genomic sequences corresponding to each of
GPCR from the Genbank database in the US National
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Center for Biotechnology Information (NCBI), we de-
signed primers to amplify all selected genes in their en-
tirety, excluding only regions that corresponded to
repetitive sequences as well as intron 1 of GPR39 be-
cause it is very long, at 227 kb. Each PCR was per-
formed 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 Bio-
systems, Foster City, CA, USA) under the following
conditions: initial denaturation at 94�C for 2 min fol-
lowed by 35 cycles of denaturation 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 ob-
tained from the PCR experiments served as templates
for direct sequencing 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. All gene names and
gene symbols mentioned in this report are according to
the nomenclature in LocusLink of the NCBI.

Results and discussion

Sequencing of an approximately 183.3-kb genomic
region corresponding to the 29 GPCR loci in 96

Japanese chromosomes identified a total of 390 genetic
variations, 358 SNPs and 32 genetic variations of
other types (Table 1). The overall distribution of SNP
was one in every 512 nucleotides on average. By
comparing our data with the SNPs deposited in the
dbSNP database in the NCBI (as of the end of
December 2004), we judged 156 SNPs to be novel
(Tables 1, 2). The exon–intron organization of each
gene and locations of SNPs identified within each lo-
cus are shown schematically in Fig.1; detailed infor-
mation is given in Table 2. Sub-regional distributions
of novel SNPs were as follows: 44 in 5¢ flanking re-
gions, five in 5¢ untranslated regions (UTRs), 11 in
coding regions, 47 in introns, 12 in 3¢ UTRs, and 37
in 3¢ flanking regions. The overall frequencies of
nucleotide substitutions were counted as 28% for A/
G, 28% for C/T, 17% for A/C, 14% for C/G, 9% for
G/T, and 4% for A/T. The transitions occurred 1.3
times more frequently than transversions. In addition,
of the 19 SNPs in coding regions, we found a total of
eight novel nonsynonymous substitutions: 404A>T
(Tyr135Phe) in exon 1 of GPR7, 217C>G (Leu73Val)
in exon 2 of GPR11, 149C>T (Ala50Val) in exon 1
and 371G>A (Arg124His) in exon 1 of GPR14,
235G>T (Ala79Ser) in exon 2 of GPR16, 343G>A
(Val115Ile) in exon 1 of GPR21, 1201G>A
(Gly401Arg) in exon 2 of GPR24, and 743G>A

Table 1 Summary of genetic variations identified in 29 genes encoding GPCRs. SNP Single nucleotide polymorphism

Gene symbol Accession number
(genome DNA)

SNP Genetic variations
of other types

Total Nonsynonymous
substitution

Identity of SNP
in dbSNP database

Novel SNP

GPR5 AC099782.2 4 0 4 0 3 1
GPR6 AL591076.5 6 0 6 0 3 3
GPR7 AC087348.6 6 0 6 1 3 3
GPR8 AL121581.41 12 1 13 1 5 7
GPR9 AL590763.1 3 0 3 0 0 3
GPR11 AC114962.2 15 0 15 2 9 6
GPR12 AL159978.14 6 3 9 0 2 4
GPR13 AC104850.2 25 1 26 2 14 11
GPR14 AC132938.9 5 0 5 2 1 4
GPR15 AC021660.16 11 1 12 1 9 2
GPR16 AL096870.5 9 1 10 1 5 4
GPR17 AC010976.5 26 0 26 0 15 11
GPR18 AL160155.19 8 1 9 0 5 3
GPR20 AC100803.10 9 3 12 1 7 2
GPR21 AC007066.4 2 2 4 1 0 2
GPR22 AC002381.1 4 2 6 0 2 2
GPR23 AL590083.8 4 0 4 0 2 2
GPR24 Z86090.10 3 0 3 1 1 2
GPR25 AC099756.2 14 4 18 0 9 5
GPR26 AC009987.17 60 2 62 0 31 29
GPR27 AC096970.2 2 2 4 0 1 1
GPR29 AL121935.17 32 1 33 0 19 13
GPR30 AC091729.4 22 4 26 2 15 7
GPR31 AL121935.17 12 0 12 0 5 7
GPR34 AL627402.10 4 0 4 0 3 1
GPR35 AC124862.4 12 0 12 2 6 6
GPR37 AC004925.1 25 3 28 0 16 9
GPR39 AC098800.3 9 1 10 1 6 3
GPR40 U62631.2 8 0 8 1 5 3
Total 358 32 390 19 202 156
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Table 2 Identification of 156 novel single nucleotde polymorphisms and 32 genetic variations of other types in 29 GPCR loci found
among 96 Japanese chromosomes

Gene symbol Location Exon Positiona 5¢ Flanking sequenceb Variationc 3¢ Flanking sequenceb Substition

G protein-coupled receptor 5
i-GPR5-1 5¢ Flanking region �1759 aaatatagtagtgtgtctgg A/T tccctgtcaaagatcccctg
G protein-coupled receptor 6
i-GPR6-1 5¢ Flanking region �840 gtcaatctgcagcgcgcgcc G/A ctcgcagccgccttttctgc
i-GPR6-2 5¢ Flanking region �708 tgctctgt(C/T)tgcgcggggag C/A tcagcccggcgccccgcctc
i-GPR6-3 3¢ Flanking region 35 gtcctctcaccaacaccaca C/T cccaacaagccagcctttgg
G protein-coupled receptor 7
i-GPR7-1 Coding region 1 404 cgtcatgagcgccgaccgct A/T cctggtggtgttggccactg Tyr135Phe
i-GPR7-2 3¢ Flanking region 535 cgcgcgcgtttggcgcccac C/T cctgtgagacccgcttggcc
i-GPR7-3 3¢ Flanking region 1758 aaaaaactcccccttggaat G/A gggggaagcaaaccccctct
G protein-coupled receptor 8
i-GPR8-1 5¢ Flanking region �127 gctgtgccctaacagacggc C/T ggatctcaaagtctctggtt
i-GPR8-2 3¢ Flanking region 19 gaagggcctgggcaccatca C/T ccccatcatcatgcccatca
i-GPR8-3 3¢ Flanking region 445 acctacagacagccgtgggc A/G tatacctcccat(G/A)tctctgc
i-GPR8-4 3¢ Flanking region 458 cgtgggc(A/G)tatacctcccat G/A tctctgcttcc(T/C)ggacagcc
i-GPR8-5 3¢ Flanking region 470 cctcccat(G/A)tctctgcttcc T/C ggacagcccctgggtggaca
i-GPR8-6 3¢ Flanking region 697 ctccccaagatggggccggg G/A ggtggtaagtgcgggcacct
i-GPR8-7 3¢ Flanking region 833 ccagcaggaggcccagcccc G/A ccgtgcccatgtgccatggc
i-GPR8-8 3¢ Flanking region 752�753 ctgtgttgctgcaaaggcgg GG/ins acacctgcaccgcatgagac
G protein-coupled receptor 9
i-GPR9-1 Intron 1 213 ctcctctcctctctggcttc G/A gtgtctcgtctgcaaaatgg
i-GPR9-2 Intron 1 234 gtgtctcgtctgcaaaatgg G/A gggggcggggggcaagtaga
i-GPR9-3 Intron 1 707 ggcagagagggctctgggca C/G tggagggacgctcttcttcc
G protein-coupled receptor 11
i-GPR11-1 5¢ Flanking region �155 aaccccgcccgcaggcggct C/G ccgcagtctaagggacctgg
i-GPR11-2 5¢ Untranslated region 1 �53 tccagtggagctctgagttt C/G gaatcgg(C/T)ggcggcggattc
i-GPR11-3 Intron 1 317 tgggttcggggaaagggagg G/A aaggaaggagtagctgtgtc
i-GPR11-4 Intron 1 735 tacgagcggaactttttgga C/T cctgccttatatttgaccag
i-GPR11-5 Intron 1 1164 ggaattagatggaagaatgt G/C attcttttccctctgcagtt
i-GPR11-6 Coding region 2 217 catctgtcctcactggaaaa C/G tgaccactgtcttccttcca Leu73Val
G protein-coupled receptor 12
i-GPR12-1 5¢ Flanking region �1571 gttcttcatcttagaatcca T/C tgatgtggcaaaatgaaaaa
i-GPR12-2 5¢ Flanking region �702 ccggagcccggccgcccccc G/C cttgccacagcgggcaactg
i-GPR12-3 5¢ Flanking region �379 agcccc(TC/del)

tttgttccggtcg
G/A gggtgcgtttgaggatgtgc

i-GPR12-4 3¢ Flanking region 705 tactttctaaaatgaatcct G/A aagtaggttttgatcttcat
i-GPR12-5 5¢ Flanking region (�914)�

(�913)
ctgacccgtgggggcgcgcg CG/ins gcctcgcggggatcccgcgg

i-GPR12-6 5¢ Flanking region (�849)�
(�822)

ggggcgggggcggcgcgcgc GCGGGG
AGCGTGT
GGGCCGG
GCGGGCG
C/del

ggcggggaaagctgggcgcg

i-GPR12-7 5¢ Flanking region (�394)�
(�393)

cggggggagtctggagcccc TC/del tttgttccggtcg(G/A)gggtgc

G protein-coupled receptor 13
i-GPR13-1 5¢ Flanking region �990 taagggagcaccggatgtgg C/T tgggatgtgggcagcaaggg
i-GPR13-2 5¢ Flanking region �232 agggcctgctccctgccccc C/A acctccaggttggggtaagt
i-GPR13-3 5¢ Flanking region �188 acctctctccctccagctcc G/A cagtcttccctgaggtttag
i-GPR13-4 Intron 1 7921 ggtttctagtgtccctcagg G/A (A/G)caaaggaaagccatggtcc
i-GPR13-5 Intron 1 7922 gtttctagtgtccctcagg(G/A) A/G caaaggaaagccatggtcca
i-GPR13-6 Intron 1 10113 ccagatggctcatagcaggg A/G ccatgatatgctgggtgagc
i-GPR13-7 Intron 1 11819 tgggaagcgagaagtgacac A/G ccctggctgggtgggccctc
i-GPR13-8 Intron 1 12230 gtagggggaattagtcaccc A/G gagactagcccagcagacta
i-GPR13-9 Coding region 2 456 ggcgtcaccatcagcctagg C/T gtctgggcagcagccatttt Gly152Gly
i-GPR13-10 3¢ Untranslated

region
2 1396 attgtggcacaagcaaaagg G/A tgtctgagccctcaaagtga

i-GPR13-11 3¢ Flanking region 1869 gatggagcatataggctttc G/A gttactaagaagagctatca
i-GPR13-12 3¢ Flanking region 1686�1689 ggtgggtcaagacttagaca GACA/del ggccactgtggagggacagc
G protein-coupled receptor 14
i-GPR14-1 5¢ Flanking region �266 cctgctggggcatgcggggg T/A cggggaggggggttggggca
i-GPR14-2 Coding region 1 149 ctccctggaggacctggtgg C/T cacgggcaccattgggactc Ala50Val
i-GPR14-3 Coding region 1 371 cttcggggacgtgggctgcc G/A cgtgctcttcggcctggact Arg124His
i-GPR14-4 3¢ Flanking region 393 ttgccactggaacaatcaac C/G ctgagctggcttccgtgtcc
G protein-coupled receptor 15
i-GPR15-1 5¢ Flanking region �646 aagatgctatgcaagttgta A/G tggaaaacttaaaataataa
i-GPR15-2 3¢ Flanking region 862 cataaaatgcttagctgtac C/G ccgatgcagattatcatttt
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Table 2 (Continued)

Gene symbol Location Exon Positiona 5¢ Flanking sequenceb Variationc 3¢ Flanking sequenceb Substition

i-GPR15-3 3¢ Flanking region 670 tttataagatattgataaaa A/del tgtatctcattcataatggt
G protein-coupled receptor 16
i-GPR16-1 5¢ Flanking region �1379 attatgagggtggtgatggt C/T cctgttaaggactattgtgt
i-GPR16-2 5¢ Flanking region �901 agtatgagacaggcacacaa G/A gagtggacagtggtgtaggg
i-GPR16-3 5¢ Untranslated

region
2 �4 actctccaggtcctcccgac G/T gccatgaacactacatcttc

i-GPR16-4 Coding region 2 235 cctttttccttcacttcctg G/T cccaaggcacctggagtttt Ala79Ser
i-GPR16-5 5¢ Flanking region �1155 ccagccttcagtggcatctt G/del acctgccctcctcagcccag
G protein-coupled receptor 17
i-GPR17-1 5¢ Flanking region �1856 acaagagaggaagggagcct C/T ggtgggcatcatctcccctc
i-GPR17-2 5¢ Flanking region �1835 ggtgggcatcatctcccctc G/A actactggccagagccctgg
i-GPR17-3 5¢ Flanking region �1768 gttgtggcctgtggcttcag T/C cttcatcaccacaatccctg
i-GPR17-4 5¢ Flanking region �1417 aataacagaaggtctgtgag C/T ccagaaatgccctgctcagg
i-GPR17-5 5¢ Flanking region �1294 gacctgcgccccggctcaga C/T acctcacacccagctggctc
i-GPR17-6 Intron 1 62 taagcagaggaaacactcag C/T ggggagccctgcccagggag
i-GPR17-7 3¢ Untranslated

region
3 1112 gtcagagctgtgagcggggg G/C (C/A)gccgtccaggc

(C/T)gagcgca
i-GPR17-8 3¢ Untranslated

region
3 1113 tcagagctgtgagcggggg

(G/C)
C/A gccgtccaggc(C/T)gagcgcag

i-GPR17-9 3¢ Untranslated
region

3 1125 gcggggg(G/C)(C/A)
gccgtccaggc

C/T gagcgcagactgtttaggac

i-GPR17-10 3¢ Untranslated
region

3 1945 cctaacatgtccttttttgt A/G tttgtttgtacggaccataa

i-GPR17-11 3¢ Flanking region 381 ccctgtcggcgacgttgctg G/A tcagcacgagctcctggtgc
G protein-coupled receptor 18
i-GPR18-1 5¢ Flanking region �1356 gcaaaggacagattaggtct G/T catgcaggcagatttctgtc
i-GPR18-2 5¢ Flanking region �1124 aatttcttcatccacacaag A/G aatagttgctatggttgtct
i-GPR18-3 5¢ Untranslated

region
1 �306 aagagctattttaacagaag C/A aactcaaagatatcccttcg

i-GPR18-4 Intron 2 279 atgagaattactgtgaatgt T/del cagtagttaaccagttgaat
G protein-coupled receptor 20
i-GPR20-1 3¢ Flanking region 113 ctcgattgattggtgatggc T/C acccagagcac(C/T)gcattgag
i-GPR20-2 3¢ Flanking region 125 gtgatggc(T/C)acccagagcac C/T gcattgagcgtctaaggcca
i-GPR20-3 5¢ Flanking region (�1189)�

(�1188)
cacgagcctccccaccctgc C/ins tggccccaaagacttctcct

i-GPR20-4 3¢ Flanking region 1019 aacagccattttcctccccc C/del gggggcagagaggacgtgac
i-GPR20-5 3¢ Flanking region 1480 cagtttagggtcctggactt T/del atatccccatgttacaaatg
G protein-coupled receptor 21
i-GPR21-1 Coding region 1 343 tagtatcagttctgaagagc G/A tctccatggcttctctggcc Val115Ile
i-GPR21-2 3¢ Flanking region 280 ggaaatgactacagttctca G/C atttaaaatgaataaagcca
i-GPR21-3 3¢ Flanking region 24�67 ggctcagttacggggttccc (GT)16�22 attttatctctaagtattcc
i-GPR21-4 3¢ Flanking region 1212 ttaatggtcttttttttttt T/del cctgccaaagtactagaaaa
G protein-coupled receptor 22
i-GPR22-1 5¢ Flanking region �698 tttagcataatgtcccactt G/C ttctaatttttaagtttgcc
i-GPR22-2 3¢ Flanking region 217 gttaaagtactatcatgtgt A/G tattttgtcaatattatgtc
i-GPR22-3 3¢ Flanking region 822 ttaatatagtgcaatgattt T/del aaaaaaaaaaaaaaaaaaaa
i-GPR22-4 3¢ Flanking region 952 taccaggaatgaaaaaaaaa A/del gactttaaatcattatagaa
G protein-coupled receptor 23
i-GPR23-1 3¢ Untranslated

region
1 1227 atgcaccaaatccagtcaga T/C acatttgtttgaaggtatac

i-GPR23-2 3¢ Flanking region 985 atctgtgtctgggttaggaa C/T aaagtgaaaaaatgctaaaa
G protein-coupled receptor 24
i-GPR24-1 Intron 1 240 aggggggccagccgtgagac A/C gcaggggaaggctcgctgct
i-GPR24-2 Coding region 2 1201 cggtgaagcctgcagcccag G/A ggcagcttcgcgctgtcagc Gly401Arg
G protein-coupled receptor 25
i-GPR25-1 5¢ Flanking region �594 acccagatctgctgtgtccc G/A gcagtggagtctttcctagg
i-GPR25-2 5¢ Flanking region �160 gcctgcccctcccaccccat C/G ccctcctccctcccctcttt
i-GPR25-3 3¢ Flanking region 886 actctgcaggtgcagtaatc C/T cacaggaggaagcaagtcat
i-GPR25-4 3¢ Flanking region 1054 accaggccccccc(C/ins)tttttt T/A t(T/del)ctatcttttttcagacct
i-GPR25-5 3¢ Flanking region 1800 aacagacaggaagaaagaag A/G cttctccatgccctggtggg
i-GPR25-6 5¢ Flanking region (�1170)�

(�1169)
acactggggacagactcaga GA/ins gggcactgtgacatcagttc

i-GPR25-7 3¢ Flanking region 60�61 agaggaggccaga
(G/T)gtcccg

CCCG/ins gaggggactgagctccccag

i-GPR25-8 3¢ Flanking region 1047�
1048

aatatataccaggccccccc C/ins tttttt(T/A)t(T/del)ctatctttttt

i-GPR25-9 3¢ Flanking region 1056 caggccccccc(C/ins)tttttt
(T/A)t

T/del ctatcttttttcagaccttc
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Table 2 (Continued)

Gene symbol Location Exon Positiona 5¢ Flanking sequenceb Variationc 3¢ Flanking sequenceb Substition

G protein-coupled receptor 26
i-GPR26-1 5¢ Flanking region �808 ctgccaggatagcatgcagg C/A ggggacaggtggcactgggg
i-GPR26-2 5¢ Flanking region �178 gccagggttcactgccgcgc G/T ccaggtgcctgcccgtgagg
i-GPR26-3 5¢ Flanking region �15 cggcggcgccgaggggctga G/A ccggccgcgggcagcgccat
i-GPR26-4 Intron 1 190 gcaaaccagggccacaaaaa A/C tgcgggtgagcccatctata
i-GPR26-5 Intron 1 704 ctgaatctgcccccacctcc G/A tcgtcacgc(T/A)ggctgctgtt
i-GPR26-6 Intron 1 714 ccccacctcc(G/A)tcgtcacgc T/A ggctgctgttctcaggaggg
i-GPR26-7 Intron 1 2352 ctacaaatgagcaagtacag A/G gctagctcaggggctgcccc
i-GPR26-8 Intron 1 2958 ggccccagggtatggttgca G/A ggaccttgctcttccctgac
i-GPR26-9 Intron 1 6328 gcatttttttaacagactgc C/T tatttttggagccaggccac
i-GPR26-10 Intron 2 90 ggcagcctctcttggccaca C/G gttcttctgcacggtgtgtt
i-GPR26-11 Intron 2 3945 cacagtcacctccagggagc C/T tgatgcaaacacttccatat
i-GPR26-12 Intron 2 4089 acttatcatccactctggaa T/C ccggatcactgacatttcca
i-GPR26-13 Intron 2 6453 aaacggaatgctgcagtttc C/T gagatgactgaaaccaagtt
i-GPR26-14 Intron 2 6486 accaagttgttcatgtgtca C/G ttacacccttcattgagctg
i-GPR26-15 Intron 2 6624 tgtcaagagtgtaggttgac G/A tcagatggcagctgggaatg
i-GPR26-16 Intron 2 8677 cctaggctgctgggtgggaa T/G gtgaggtccccatgggtgag
i-GPR26-17 Intron 2 9098 tctccccagctccatcccct C/A ccccaacctgatctgctgac
i-GPR26-18 Intron 2 9155 accccaggggattttccggg G/T g(G/C)agctgtgtcagggcaggc
i-GPR26-19 Intron 2 9157 cccaggggattttccggg(G/T)g G/C agctgtgtcagggcaggcat
i-GPR26-20 Intron 2 10103 ctgcctgcctcccacgtccc G/A tcctgagaccatccactaac
i-GPR26-21 Intron 2 10371 gctcatccagatgcctgccc G/A gatctggaattagaaagaag
i-GPR26-22 Intron 2 10434 cttgcctcttctcatcaacg A/G aaggagctgggggctgtcag
i-GPR26-23 3¢ Untranslated

region
3 3953 cagaatttgcctttttaagt C/T acgctgcaactattccggct

i-GPR26-24 3¢ Untranslated
region

3 4841 atctaggtttcaattgtctt G/A tatctttccctaattctcca

i-GPR26-25 3¢ Untranslated
region

3 4951 ccatgaaattgcaaaaaccc A/G tcttcattcctttttatggg

i-GPR26-26 3¢ Untranslated
region

3 6265 gacctctttgcaccttgcag C/T cgggagaactgacttagagg

i-GPR26-27 3¢ Flanking region 1154 attattaatagtaaccaaac T/C ctctgctctaacaaccttcg
i-GPR26-28 3¢ Flanking region 1629 aacacactcatttcgccaca C/T ggaggctttactctgcccag
i-GPR26-29 3¢ Flanking region 1658 tactctgcccagtgtccaa(T/C) G/A ggagaaccatcccttccctt
i-GPR26-30 Intron 2 9181�9182 gtgtcagggcaggcatgtga A/ins gccttttgagcacataagca
i-GPR26-31 3¢ Untranslated

region
3 4123 accaatcacctgcctgtttt T/del acttagaaagcaggcttggg

G protein-coupled receptor 27
i-GPR27-1 5¢ Flanking region �424 cggcggccgcgctgcgcgct C/G cggcggaggggagggggctc
i-GPR27-2 5¢ Flanking region (�173)�

(�172)
cctgagatggcggcggcggc GGC/ins acagcggcggctcggggagc

i-GPR27-3 3¢ Flanking region 1151�1154 gaactataatttaaataata TTTC/del tttgttagacattataatgt
G protein-coupled receptor 29
i-GPR29-1 5¢ Flanking region �1614 acctccagatccctgcctct G/T tgcagtctaacagaaggggc
i-GPR29-2 5¢ Flanking region �1486 aacgcggttttgttcaacac G/A ttacatttctgcttaattaa
i-GPR29-3 Intron 2 2531 tttcatttctaaatgaatta G/A ccaattaattattactttct
i-GPR29-4 Intron 2 2578 ctctattgcatattgtacct A/G ataaaagttgtactaggaag
i-GPR29-5 Intron 2 6953 catagggaccacgtgtgaga T/C aggaagtgctgaacctcaaa
i-GPR29-6 Intron 2 7615 tagtgtcttatgaacaggac G/A gagtaggccagcttctcata
i-GPR29-7 Intron 2 12132 gatgcctctgccacagcaga T/G tcatgcttgtgacctggaat
i-GPR29-8 3¢ Untranslated

region
4 2680 gcactccagcctgggtgaca A/G agcgagactccatctcaaaa

i-GPR29-9 3¢ Untranslated
region

4 3450 attgattctccccatatctt T/G ttgctctcaggctctggccg

i-GPR29-10 3¢ Flanking region 123 atgtgttagaacctccaagt A/G ttcaattatttctggatacg
i-GPR29-11 3¢ Flanking region 1208 aggccaggccctattctgcc C/T cctatttgtataaacagagc
i-GPR29-12 3¢ Flanking region 1251 tcaaggctcatgacttcagc G/A gggctctctgttgtcttaat
i-GPR29-13 3¢ Flanking region 1848 gagtccaggtggacagtcag A/G aatgatgggcagagtgctgt
i-GPR29-14 Intron 2 11431�11432 gatatgacacagtgtggggg G/ins cgaggagggcagttccactt
G protein-coupled receptor 30
i-GPR30-1 5¢ Untranslated

region
1 �436 atgaggcagttcagcggccc C/T gagagtccggggagggaggt

i-GPR30-2 Intron 1 825 agaggagccagagaggagc
(CAGAGAGGAGC/ins)

G/T gggcggagggggcctataaa

i-GPR30-3 Intron 1 1253 gcacagacccctctcccccg G/C agctccggtggtctcagcgt
i-GPR30-4 Coding region 2 30 acttcccaagcccggggcgt G/A ggcctggagatgtacc

(C/T)agg
Val10Val

i-GPR30-5 Coding region 2 743 ggtcagggcgcaccggcacc G/A tgggctgcggccccggcggc Arg248His
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(Arg248His) in exon 2 of GPR30. These SNPs might
effect on the function of the corresponding GPCRs.

Altogether, we have collected a total of 156 novel SNPs
and 32 genetic variations of other types by screening of 29

genes encoding GPCRs. We hope our SNP catalog can
contribute to further investigations for identifying genes
associated with drug efficacy and/or adverse drug reac-
tions and for designing personalized medical care.

Table 2 (Continued)

Gene symbol Location Exon Positiona 5¢ Flanking sequenceb Variationc 3¢ Flanking sequenceb Substition

i-GPR30-6 3¢ Flanking
region

1391 ctccttccaggccccaggga C/T gagacttgccctcctcccca

i-GPR30-7 3¢ Flanking region 1707 cattccccacacacagtccc G/A ttcacatagcttcaacaggg
i-GPR30-8 Intron 1 824�825 gagaggagccagagaggagc CAGAGA

GGAGC/ins
(G/T)gggcggaggggg
cctataa

i-GPR30-9 Intron 1 3739�3740 ggacccactctctctctctc TC/ins agaaacactggctttccctt
i-GPR30-10 3¢ Untranslated

region
2 1462�1463 tgccgctgcaggaaacattt CT/del gacaccgtcgaccaggaaag

i-GPR30-11 3¢ Flanking region 205�206 atgccgtgggggcacttctg TG/del tcatgcttgggtgccatgac
G protein-coupled receptor 31
i-GPR31-1 5¢ Flanking region �1029 caagatgaagtagggtcaac G/T ttgagtgaagaccaggatga
i-GPR31-2 5¢ Flanking region �876 agggtaatgatgactgcaca C/T gtttattcatcaaagaaatg
i-GPR31-3 5¢ Flanking region �753 taactttctagtggattcta C/T gcatttttacaagccattga
i-GPR31-4 5¢ Flanking region �178 ccctgctcatcctctttccc C/G aaatgaattttggtttgctg
i-GPR31-5 3¢ Flanking region 840 gaaatggtcatttccaaccc C/T (G/A)ctggcacagctggtggaca
i-GPR31-6 3¢ Flanking region 1320 ccaagctttctgtcaaattc G/A aggtcaaaaatgatggctct
i-GPR31-7 3¢ Flanking region 1939 tgccctgtaggaatagaccc C/G cacaggtggggacagatgcc
G protein-coupled receptor 34
i-GPR34-1 5¢ Flanking region �774 gtgtacccagaaataattag A/G atgttagatacagcccaatg
G protein-coupled receptor 35
i-GPR35-1 5¢ Flanking region �1623 aaaagtccctggaacgaggg T/A gaagtgttgctcatgaatca
i-GPR35-2 5¢ Flanking region �1044 tgtgagtcctggactctggg C/T gctcaccagcagctccgtct
i-GPR35-3 5¢ Flanking region �788 tgggtggtcctgatagtgac G/A gagaggaggatactcagctc
i-GPR35-4 5¢ Flanking region �765 gaggaggatactcagctcca C/T ccctgggcggcccctgagca
i-GPR35-5 5¢ Flanking region �258 ccttctgcctcctttcctgc C/G ccatgacagcaggcagatcc
i-GPR35-6 3¢ Flanking region 1485 ccctgtccaggaggctccat G/T cccaggaggctccatgtcaa
G protein-coupled receptor 37
i-GPR37-1 5¢ Untranslated

region
1 �271 aaggtcagccaccgggagta G/A cctattccctctaggaacct

i-GPR37-2 Intron 1 7888 gattgaatcaagaaagaaat T/G tccttaacagactaccaata
i-GPR37-3 Intron 1 8124 ggtaaggaactgaaattcca G/C gtcactttaagattgactag
i-GPR37-4 Intron 1 8698 atattagaaataaatggtta T/C ttattatatgtgggcatatc
i-GPR37-5 Intron 1 9356 ggttagaaattttcctattt T/C ataaaaaccagtgtattcta
i-GPR37-6 Intron 1 9917 cctagggaaacatgggactt G/A aaattactggaaagagcgat
i-GPR37-7 Intron 1 10564 ttgaatattgaacatctgga A/G tgtcacttgaaatatctgga
i-GPR37-8 3¢ Flanking region 1096 tcaaacaaggtgcccttgtc T/G tcttgtagatccctgtaata
i-GPR37-9 3¢ Flanking region 1450 tggaatagagggaatgctta T/C agggttagaagagagcatga
i-GPR37-10 Intron 1 5849�5851 tttccttt(G/T)ccattgatcat AAT/del gagaatgtgtccttttctaa
i-GPR37-11 Intron 1 8929�8932 gatctgcatacactccaaaa TTAA/del gaccttttgcaaaaggtcat
i-GPR37-12 Intron 1 9433�9434 ataggaaggaaattttgctt AGA/ins aggacactgtttcgtttttt
G protein-coupled receptor 39
i-GPR39-1 Coding region 1 537 gccatgggtactgagtaccc C/T ctggtgaacgtgcccagcca Pro179Pro
i-GPR39-2 Intron 1 53 gcttcccaaccttcccccac G/A acccgtgccactgcctgtgg
i-GPR39-3 Intron 1 226495 ctgaactagaaggaagtttt A/G tatttgccatctctgaataa
i-GPR39-4 Intron 1 226792�

226793
catcctttaaaatacaaaca AACA/ins ctgctttatctaatgcagct

G protein-coupled receptor 40
i-GPR40-1 5¢ Flanking region �1469 cagtgtccccagccatgcac C/A ctggggggagtcggcttgga
i-GPR40-2 5¢ Flanking region �1171 actgccacttggagatggct T/C catggctgcagtcacagggc
i-GPR40-3 5¢ Flanking region �873 gcgtggcctcacctccagcc G/A ggatgccccattagctgctc

aNucleotide numbering is according to the mutation nomenclature (den Dunnen and Antonarakins 2000)
bBoth 5¢ and 3¢ flanking sequences to each variation are denoted by small letters
cVariant nucleotide are indicated by capital letters
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