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High-density SNP map of human ITR, a gene associated
with vascular remodeling
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Abstract We constructed a high-density map of single-
nucleotide polymorphisms (SNPs) present within a 31-
kb region of human chromosome 13q31 that contains
the human counterpart of the rabbit ITR gene, which
encodes a rhodopsin-like G protein-coupled receptor
associated with vascular remodeling. The elements of
human ITR cDNA were distributed in 27,452 bp of
genomic DNA; the nine exons ranged in size from 50 bp
to 2271 bp, with an average size of 392 bp. We isolated a
total of 22 SNPs from the ITR locus by systematically
screening genomic DNA from 48 healthy Japanese
individuals; three SNPs were present in the 5¢ flanking
region, two in coding elements, 12 in introns, and five in
the 3¢ untranslated region. By comparing our data with
SNPs deposited in the dbSNP database in the National
Center for Biotechnology Information, 19 of the 22
SNPs (86%) were considered to be novel. The map
presented here should help in evaluating the role of
human ITR in cardiovascular diseases, in other diseases
mapped to this segment on chromosome 13q31, and in a
variety of pharmacogenetic effects.
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Introduction

The ITR gene, encoding an intimal thickness-related
receptor, was first identified in rabbits as a novel element
whose expression was increased after catheterization of
the aorta in a rabbit model of vascular injury (Tsukada
et al. 2003). It encodes a novel membrane protein with a
motif common to rhodopsin-like G protein-coupled re-
ceptors. The previous study also revealed that the cDNA
of human ITR was 3531 bp long; its 1320-nt open
reading frame predicted a 440-amino-acid protein that
was produced predominantly in vascular smooth-muscle
cells. The human gene was mapped to chromosome
13q31. Since ITR-deficient mice were found to be resis-
tant to experimental thickening of the intima, we judged
that the product of this gene might play an important
role in the regulation of vascular remodeling.

In the study reported here we determined the genomic
structure of the human ITR, and constructed a fine-scale
map of 22 single-nucleotide polymorphisms (SNPs) that
were detected at the ITR locus in a 96-chromosome
sample of the Japanese population.

Subjects and methods

Blood samples were obtained with written informed consent from
48 healthy Japanese volunteers for this study, which was approved
by the ethical committee of the RIKEN SNP Research Center. We
obtained genomic sequences containing human ITR from the
GenBank database (accession number AL359708.8) and then de-
signed primer sets to amplify this gene in its entirety as well as up to
2 kb of genomic sequence upstream from the first exon and
downstream from the last exon, only excluding most of the regions
corresponding to human repetitive sequences predicted by the
Repeat Masker Program (http://repeatmasker.genome.washing-
ton.edu/cgi-bin/RepeatMasker). Polymerase chain reaction (PCR)
experiments were carried out using as templates 20-ng aliquots of
DNA pooled from three individuals. Amplification of genomic
DNA fragments by PCR, and DNA sequencing of the amplified
fragments, were performed according to methods described previ-
ously (Iida et al. 2002). All variations detected by the PolyPhred
computer program (Nickerson et al. 1997) were confirmed by se-
quencing both strands of each PCR product.
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Results and discussion

The exon–intron organization of human ITR was de-
fined by comparing the cDNA with genomic sequences.
The nine exons of this gene were distributed in 27,452 bp
of genomic DNA; exon sizes ranged from 50 bp to
2271 bp, with an average of 392 bp. The exon organi-
zation of human ITR and the locations of identified
SNPs are illustrated schematically in Fig. 1. The first
methionine codon of the open reading frame is located
in exon 1; the termination codon and poly-A signal are
in the last exon. Sequences at all exon–intron junctions
adhered to the consensus for splicing junctions, includ-
ing AG–GT (Table 1).

We screened a total of 21,385 bp (69%) of the 31,000-
bp genomic region containing human ITR, only
excluding most of the regions containing repetitive
sequences predicted by the Repeat Masker Program. We
identified 22 SNPs within this locus: three in the 5¢
flanking region, two in coding regions, 12 in introns, and
five in the 3¢ untranslated region (Fig. 1). Detailed
information about each SNP is given in Table 2. The
average density of SNPs in the 21,385-bp sequenced
region was one in 972 bp. By comparing our data with
SNPs deposited in the dbSNP database in NCBI, we
were able to consider 19 of the 22 SNPs (86%) to be
novel as of the end of November 2002. Two of the three
SNPs deposited previously in the dbSNP had been
derived from the Japanese SNP database (Haga et al.
2002). The frequencies of different substitutions were
41% for A/G, 36% for C/T, 9% for A/T, 9% for G/T,
and 5% for C/G; transitions occurred 3.3 times more
frequently than transversions. However, we found no
non-synonymous substitutions in coding elements;
moreover, the non-random distribution of SNPs across
the entire ITR locus, i.e., only two of the 22 being in
coding regions, suggests that human ITR has been under

Table 1 Exon–intron organization of the human ITR

Exon
number

Splice acceptor Exon
size

Splice donor

1 241 CGCATCGGCCACTTCGAGTTCCATG
gtaggtctgggggcggggaggggga

2 tgatgatttttgttttaatgtcaag
GTGACCATGCTCTTCTGTGTGTCAG

159 AAATTATCCAAAGCTCAGTTGACAA
gtgagtatatccttttttctttgat

3 aaaggtgttttctttctctttaaag
TGACCATGAACCAGACCGAACATAA

201 GATCATTTTAGTGCTGGAGAATCTG
gtaagaatatgtatttgaatatatc

4 caaactccctttcttctcttcacag
GGTTACATGAGTTCTTTTTCCTCCT

181 TAGCTAATTACATTCATTTCTCCAG
gtaactcaaaaccactaaaactgtg

5 acactactcttcttcaattcctcag
TTACTCCAAAGATGGAATAGGGGTA

50 CCATTTATGGGAAGTTTGGCAGAAT
gtgagtatctttctgagcatttttt

6 gacgttggttttcatgtcccattag
TTTTTGACATCGCTTCCCAAATTCA

158 TGCAGTATTCATTGTCATGACACAG
gtgggtattgatactcagtgtttct

7 atgtaatattgtttttcttttgcag
AGTGTTTTGCTACTTTGGGAACAGT

192 GGAGTTCTACATCACATTTGCCAAA
gtatgggtttggaaagaaaatcgtt

8 tatttcactttttcctttgtttcag
GGCTGTATCTTGTGGTTTTTATGCC

78 TTTTAGCGACTACCAAAGAGACAAG
gtaagaaatatacatgatcaaagta

9 agcattcctttccttttcttttcag
GTTATTACAATAGGTGTTATCCTTT

2,271

Fig. 1 Genomic organization of human ITR and locations of
single-nucleotide polymorphisms (SNPs) within the ITR locus. A
total of 21 kilobases, excluding most genomic segments corre-
sponding to repetitive sequences, were screened in the relevant
31-kb genomic region; the PCR amplicons are drawn as horizontal
bars below the map. Exons and introns are represented respectively
by rectangles and horizontal lines. The 22 SNPs identified in this
study are indicated above the gene (designations correspond to
those in the left-most column in Table 2)
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huge selection pressure to conserve sequence during
evolution.

The 22 SNPs identified here should provide land-
marks for evaluating the role of ITR in heart diseases,
other conditions mapped to this local segment of chro-
mosome 13q31, and a variety of pharmacogenetic
effects.
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Table 2 Characterization of 22 SNPs in the human ITR locus

ID Region Positiona Exon 5¢ flanking sequenceb SNPc 3¢ flanking sequenceb Substitution Repetitive
sequence

Identity
to dbSNP

i-ITR-1 5¢ flanking region )246 gccccgcggactcgtgccag C/T gcgcccgcgcatgctcagta
i-ITR-2 5¢ flanking region )166 cgtaacctgaagcaacatcc T/G cctgattcctcattaaagaa
i-ITR-3 5¢ flanking region )55 ctctgactggtgaatgtctt C/T ggcttatggcagaggagccc
i-ITR-4 intron 1 56 ctggcccatcccgccggctg A/G gtccgccggccgctcctccc
i-ITR-5 intron 1 284 tttccccaaccctccccttg G/A aagccaatgtgcaaaagact
i-ITR-6 intron 2 2,618 gtggtgcaatgggaagacca T/C aaaactgagtatcactgcta
i-ITR-7 intron 2 6,121 gtagcctagctgtaattctg C/T ccccactcagcccctacacc
i-ITR-8 coding region 465 3 gtgttactaaacccagatgc C/T gaagggaatccatttgatca Ala 155 Ala
i-ITR-9 intron 3 4,298 agtcttaagtataataagat T/G taacaattagtatccacctg
i-ITR-10 intron 3 4,365 gtgaacaaagtgaacacaaa T/C tgagtttaatttcaaagtga
i-ITR-11 intron 3 4,589 ggacagacccagttcaattt G/A tttaatatgttatgtcaatg
i-ITR-12 intron 3 4,897 tgccatgtttaattttttaa T/C actaagaaggaaagataaaa
i-ITR-13 intron 3 5,748 ttctttgttctttgccagcc A/G tctgtctttcctcacttgta
i-ITR-14 intron 5 781 ctaaaactcacatcaaaata T/C gctgtgaagaaaagtgataa rs1572935
i-ITR-15 coding region 852 6 cctctccagtgggattctac G/A cctgcatccactggcattgc Thr 284 Thr
i-ITR-16 intron 7 22 tatgggtttggaaagaaaat C/G gtttattctgattatccact
i-ITR-17 intron 7 152 tcccagtgctttggaaggcc A/G agacagacagattgcttgag +
i-ITR-18 3¢ untranslated region 1,403 atacagtgacttttttttca T/A acatttagtatgaaaacttg
i-ITR-19 3¢ untranslated region 2,821 ccaagttcaacctgctcatt A/T aatcatctctctattagttc rs2298057
i-ITR-20 3¢ untranslated region 3,027 attaagcaaaaaagaaaaag A/G tgaagacttttcatgaattt
i-ITR-21 3¢ untranslated region 3,194 aaactttaattcttaaattt A/G tggttggaaatgctgataat rs2298055
i-ITR-22 3¢ untranslated region 3,403 cagaaagttaagtgtatact A/G caaactctaattaaagataa

dbSNP, database of single-nucleotidepolymorphisms; ins, insertion polymorphism; del, deletion polymorphism
aNucleotide numbering is according to the mutation nomenclature (Dunnen and Antonarakis 2000)
bBoth 5¢ and 3¢ flanking sequences to each SNP are denoted by small letters
cVariation is shown by capital letters
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