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ABsTRACT. Polymorphisms of human genes encoding 5-hydroxytriptamine (serotonin) receptors (5-HTRs) are thought to be associated
with psychiatric disordersand behaviora traits. In the present study, we searched for corresponding polymorphismsin the dog and com-
pared alelic frequencies for the canine 5-HTR1B, 5-HTR2A, and 5-HTR2C genes among five canine breeds. The canine genes consisted
of the following: 5-HTR1B, 1170 bp; 5-HTR2A, 1413 bp; and 5-HTR2C, 1377 bp. All of these genes were highly homologous with
the human genes. We found six single nucleotide polymorphisms (SNPs) in the 5-HTR1B gene (G57A, A157C, G246A, C660G, T955C,
and G1146C). Genotyping of the respective SNPs revealed that there were inter-breed variations in the genotypes and aldic frequencies
for four out of the six identified SNPs, suggesting that further analyses of the polymorphisms of the 5-HTR1B gene would be useful in

order to gain an understanding of the genetic background underlying the diversified behavioral traits among canine species.
KEY worps: behavior, breed difference, canine, 5-hydroxytriptamine receptor, polymorphism.

A number of studies have been recently conducted, par-
ticularly in the field of psychiatry, in the attempt to gain a
better understanding of the genetic background of the
human temperament [25]. However, as social, cultural, and
environmental factors exert such profound effects on the
development of human brain functions and on the personal-
ity in general, it remains extremely difficult to determine the
causal relationships between genes and behavior. Compan-
ion animals such as dogs, which have a much simpler social
system than human beings, but whoserich individuality can
nonetheless be described objectively, have been considered
as an advantageous object for this type of research that
investigates the genetic components of behavioral traits.
We therefore undertook an analysis of the genetic back-
ground of the canine temperament in order to create alist of
polymorphic regions that might serve as possible candidates
for influencing the canine temperament; in this context, we
have thus far reported the single nucleotide polymorphisms
(SNPs) in the cathechol o-methyltransferase gene[17].

Serotonin (5-hydroxytriptamine: 5-HT) is an important
monoaminergic neurotransmitter, and it is thought to play a
considerable role in psychiatric disorders such as depres-
sion, anxiety, and substance abuse; the polymorphisms of
certain 5-HT receptor genes are suspected to be involved in
these disorders. Among the 5-HT receptors, the 5-HT 1B
receptor (5-HTR1B) is assumed to be associated with anti-
social acoholism [14] and antisocial substance dependen-
cies in humans [13]. In rodents, 5-HTR1B knockout mice
have been shown to display more reactive and less anxious
behaviors than their wild-type counterparts [34], and they
have al so been shown to exhibit enhanced aggressive behav-
ior [26]. Asregardsthe 5-HT 2A receptor (5-HTR2A), even
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a silent mutation of T102C has been indicated as exerting
influence on 5-HTR2A binding [31], which has been postu-
lated to be associated with neuroticism and alcohol depen-
dence as well as with other psychopathologies [1, 4, 6, 24,
29]. Asregards the 5-HT 2C receptor (5-HTR2C), varia-
tions in the Cys 23 Ser have been shown to be related to
impulsivity [5], as well as to the personality trait of reward
dependence [3] and susceptibility to certain mental disor-
ders[7, 8, 10, 23, 28].

In this study, we sequenced the canine 5-HT receptor (5-
HTR1B, 5-HTR2A, and 5-HTR2C) genes and searched for
polymorphismsin this species. We then performed an analy-
sis of the genetic diversity of identified polymorphisms
among five representative canine breeds of which behavioral
traits have been reported to be considerably different [9].

MATERIALS AND METHODS

Complementary DNA (cDNA) from reverse-transcripted
brain mRNA was used for the PCR amplifications of the 5-
HTR genes. The consensus primers from the respective 5-
HTR genes of other species registered in GenBank [acces-
sion number; 5-HTR1B: D10995 (human) 211597 (mouse),
5-HTR2A: NM000621 (human) NM 172812 (mouse), 5-
HTR2C: NM000868 (human) NM008312 (mouse)] were
designed for the full length of the 5-HTR2C gene and frag-
ments of 5-HTR1B, 2A gene (Table 1; 1BF~2CR). Ampli-
fication was carried out with TaKaRa ExTag polymerase
(TaKaRa, Japan). The amplified products were direct-
sequenced by the dye-termination method using an ABI377
DNA sequencer (Perkin-Elmer, U.S.A.). The 5’ region of
the 5-HTR2A gene was amplified by the RACE method
using the SMART RACE cDNA Amplification Kit (Clon-
tech, U.S.A.). For the 5 region of the 5-HTR1B gene
amplified by the inverse PCR method, 2 ug of canine
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Table. 1. Primers designed in this study

Primer Sequence Position (human)?

1BF 5-CGG CTA ACTACCTGA TCG CC-3 248to 267

1BR 5-CAA CTT GGT CCC CAA AGG TC-3' 1203 to 1222: 3' untranslated region
2AF  5-CCT GAT GTCACT TGC CAT AGC-3 336 to 356

2AR  5-ACTTGCTCA GTGTGCCTT CC-3 1456 to 1475: 3' untranslated region
2CF 5-GAGTCCGTT TCT CGT CTA GC-3' -212t0-193

2CR 5-GCA TGA TTGTAA AGT ACA-3 1531 to 1548: 3' untranslated region
Primer Sequence Position (canine)®

1B1F 5-AGA GACATG GAA GCA GCCGG-3 -6to 14

1B1IR 5-TCCGACGACAGCCACAAGTC-3 364to0383

1B2F 5-CGGCTA ACTACCTGA TCGCC-3 245to 264

1B2R 5-TCGCTCAGG CTA CCCCATTG-3 1182t01201: 3 untranslated region
2A1F 5-CTGGACTTCGTGTGCTACGG-3 -35t0-16

2A1IR 5-ACTTGCTCA GTGTGCCTT CC-3 1452 to 1471: 3 untranslated region
2C1F 5-AAGGATGGA ATCATGAATCC-3 -79to-60

2C1IR 5-CTACATTTGGAGCTT TACCG-3 1397 to 1416: 3 untranslated region

a) The positions of each consensus primer are based on human gene.
b) The positions of each primer are based on canine gene in this study.

genomic DNA was ligated after being sectioned by the
restriction enzyme Apal (Nippongene, Japan) at the 3’ non-
coding region of the gene.

Polymorphisms were searched for in the coding regions
of the amplified genes using the cDNAs of 10 unrelated
Beagles. With the succeeding primer sets [5-HTR1B
(divided into two regions): 1B1F and 1B1R; 1B2F and
1B2R. 5-HTR2A: 2A1F and 2A1R. 5-HTR2C: 2C1F and
2CI1R (Table 1)], the full lengths of each of the coding
regions were successfully amplified before initiating the
sequencing step as follows.

5-HTR1B: forward part (5’ region to nucleotide
383%:389-bp): The PCR amplification (95°C for 30 sec,
58°C for 30 sec, 72°C for 40 sec) was carried out for 35
cyclesin a 50 ul aliquot of reaction mixture with 15 ng
cDNA, 15 pM forward 1 and reverse 1 primer, and 1 U Ex
Taq polymerase.

5-HTR1B: backward part (3’ region from nucleotide
245™M:957-bp): The PCR amplification (95°C for 30 sec,
56°C for 30 sec, 72°C for 60 sec) was carried out for 35
cyclesin a 50 ul aliquot of reaction mixture with 20 ng
cDNA, 20 pM forward 2 and reverse 2 primer, and 1 U Ex
Taq polymerase.

5-HTR2A: The PCR amplification (95°C for 30 sec, 58°C
for 30 sec, 72°C for 90 sec) was carried out for 35 cyclesin
a50 ul diquot of reaction mixturewith 20ng cDNA, 20 pM
forward and reverse primer, and 2.5 U Ex Tag polymerase.

5-HTR2C: The PCR amplification (95°C for 60 sec, 59°C
for 60 sec, 72°C for 60 sec) was carried out for 35 cyclesin
a50 ul diquot of reaction mixturewith 20ng cDNA, 30 pM
forward and reverse primer, and 2.5 U Ex Tag polymerase.

For the analysis of the genomic distributions of identified
polymorphisms, peripheral blood samples were obtained
from 189 individuals (46 Golden retrievers, 40 Labrador
retrievers, 40 Malteses, 26 Miniature schnauzers, 37 Shiba
Inu) via 11 cooperative veterinary hospitals in the Kansai,
Kanto, and Chu-bu areasin Japan [17]. Genomic DNA was

extracted with the QIAamp Blood Kit (Qiagen, U.S.A.).
The polymorphic regions seen in the 5-HTR1B gene were
amplified using the same PCR conditions as those men-
tioned above, since the 5-HTR1B gene consists of only one
exon [12]. The successfully amplified fragments were
directly sequenced and genotyped.

The x? tests of independence were used for analyses of
inter-breed differences in genotypes and allele frequencies.
In cases in which an identified SNP was not found in al 5
breeds, the statistics were carried out using the data from
breeds with an identical SNP.

RESULTS

The genes amplified in this study (i.e.,, 5-HTR1B, 5-
HTR2A, and 5-HTR2C) contained an 1167-bp, 1413-bp,
and 1377-bp open reading frame, respectively (Figs. 1-a~c).
The respective homologies at the nucleotide level with
human, mouse, and rat genes were 91%, 89%, and 89% (5-
HTR1B); 88%, 86%, 86% (5-HTR2A); and 90%, 88%, 87%
(5-HTR2C) and those at predicted amino acid level were
91%, 90%, 89% (5-HTR1B); 89%, 85%, 85% (5-HTR2A);
and 83%, 78%, 77% (5-HTR2C). There were six SNPsin
the coding region of the 5-HTR1B gene and no polymor-
phism was found in the two other genes. These six SNPs
were as follows: a guanine-to-adenine substitution at the
57th nucleotide (G57A), an adenine-to-cytosine substitution
at the 157th nucleotide (A157C), a guanine-to-adenine sub-
stitution at the 246th nucleotide (G246A), a cytosine-to-
guanine substitution at the 660th nucleotide (C660G), a
thymine-to-cytosine substitution at the 955th nucleotide
(T955C), and a guanine-to-cytosine substitution at the
1146th nucleotide (G1146C) (Fig. 1-a). In particular,
A157C was suspected of causing an amino acid substitution
of Isoleucine for Leucine.

Table 2 shows the genotypes and alele frequencies of the
5-HTR1B polymorphic regions in five dog breeds. The



POLYMORPHISM OF CANINE 5-HTR1B GENE

la 5-HTRIB gene (upper: human, lower: canine)

1: ATGGAGGAACCGGGTGCTCAGTGLGCTCCACCGLCGCCCOCEGGCTCCGAGACCTGGGTTCCTCAAGCCAACTTATCCTCTGCTCLCTCC
1: ATGGAAGCAGCCGGCGCTCCGTGCGCCCCGCCGCCGCCCCGEGCTCCCAGACCGAGGCTCCTCCAGCCAACCTETCTTC- G-GCGC-CG
kAckkk Kk ok ok ok dokdkok kokokdkkok ok dokskdokdkokokokokkdkokokkokkk  kokokkok kb kdkokokk kkokdkokkdk ok kk kk ok Kk Kk *
¥ C129T t Gs7A
91: CAAAACTGCAGCGCCAAGGACTACATTTACCAGGACTCRATCTCCCTACCCTGGAAAGTACTGCTGGTTATGCTATTGGCGCTCATCACC
88 : CACAACTGCAGCGCCGAGGGCTACATCTACCAGGACTCCGTCOCGCTGCCCTGGARGTGCTCCTGGTATTCTGCTGGCACTCATCACC
Sk kokokdkesokdkokoRdckk  kkk dkokdkoksk okokakokadkokokokakokadkok okk 3k okok ckakokdkckokodkdkokkok kF kokak k¥ kk k¥ Kk o okokokkokokokk
PKC t Als7C
181: TTGGCCACCACGCTCTCCAATGCCTTTGTGATTGCCACAGTGTAQCGGACCCGGAAC TGCACACCCCGGCTAACTACCTGATCGCCTCT
178 CTGGCCACCACGCTCTCCAACGCCTTTGTGATCGCCACGGTGTACCGGACCCGGAAGCTGCACACGCCJRCCAACTACCTGATCGCCTCC
o s sk ok ok ok ok ok ke ok ok ko kool dkok dkckookkokolesk ok kb skakockokeok  skokok ook dkokdkosk ok dkeckckokolook R ddedkdeokokok e dkokokokak ook Sk ok s ok ok ok e ofe e of gk ok e ok ok
L G246A
271: CTGGCGGTCACCGACCTGCTTETETCCATCCTGGTGATGCCCATCAGCACCATGTACACTGTCACCGGCCGCTGGACACTGGGCCAGRTG
268 CT6GCC6TCACCGACCTGCTCGTCTCCATCCTEGTGATGCCCATCAGCACCATGTACACGGTCACCGGCCGLTGGACGCTGGGCCAGGTG

dekokokok  akokokokokkokok kR ok kok sk dkok ko ok ok ok ok ok ok ok 3k ok R % R ok 2k K 3k ok ok ok o 3 ok ok ok R ok K kR oKk ok ok ke oK Ok ok ko Sk ok ok sk sk ok ok ok 3k ok ok R ok ROk ok ok kK ok

g

361:GTCTGTGACTTCTGGCTGTCGTCGGACATCACTTGTTGCACTGCCTCCATCCTGCACCTCTGTGTCATCGCCCTGRACCGCTACTGGGCC

358:GTCTGCGACTTGTGGCTGTCGTCGGACATCACCTGTTGCACGGCTTCCATCCTGCACCTCTGCGTCATCOCCCTGGACCGCTACTGGGLC

kokokokok  kkokokdk kR kA okdkok ok okokokok Kok Rk kokok ARk skok ok okokokok Kk oRok ok ok koK kR ok ok ok ok ok o o ok ok oK o o ok ok o o ok o ok o ok o ok o oK ok K
PKC

451: ATCACGGACGCCGTGGAGTACTCAGC TAAAAGGACTK CCAAGAGGGCGGCGGTCATGATCGCGCTGETGTGGGTCTTCTCCATCTCTATC

448 ATCACGGACGCCGTGGAGTACTCCGCCAAMAGGACTCCCAAGAGGGCCGCGTCATGATCGCGCTCRTGTGGGTCTTCTCCATCTCCATC

2k ok Ok K ok oK o Rk kR RO ROk kR ROk B R E kR Rk ok ok ook ok ok ek ke Ok kR RO SR ol ok kool ok ok e ok ke sk kol kol sl ok Sk ok ok ofe ok o ek ok sk ok R el ke ki okeok ok ook ok

ety

541: TCGCTGCCGCCCTTCTTCTGGCGTCAGGCTAAGGCCGAAGAGGAGGTGTCGEAATGCGTGGTGAACACCGACCACATCCTCTACACGETC
538: TCGCTGCCGCCCTTCTTCTEGCGCCAGGCCAAAGCCGAGGAGGAGGTGTCGGACTGCGTGGTGAACACCGACCACATCCTCTACACCGTG
oK oK e oK R ok ROk ok ok ok ok Rk ok Rk ok kRl okok dkokakdkok ok ok ok ok ok ek A ook sk ARk ok ok ok ok ok o ok ok ok ok ok 3K ok ok o ok ek ek ok ok K ok R ek kR Kk
PKC
631: TACTCCACGGTGGGTGCTTTCTACTTCCCCACCCTGCTCCTCATCGCCCTCTATGGCCGCATCTACGTAGAAGCACGCTCCCGGATTTTG
628: TACTCCACGGTGGGCGCTTTCTACTTCCCCAQGCTGCTCCTCATCGCCCTCTACGGLCGCATCTACGTGGAAGCCCGCTCCCGGATTTTG
ok sk s ook ok ok oo ok ok ok 3k ok ok 3 ke ok sk o ke ok ok o e ke o ok e ke ok ok ke e e e ke o ok ok ke ok ok ok ok skl ake sk sk ok ok sk ke sk ke ok ok a3k ok o ok ok ok K e ok ok ok ok ke o ok ook ek
PKA = C660G
721: ABACAGACGCCCAACAGGACCGGAMGCGCTTGACC GAGCCCAGCTGATAACCGACTCCCCCGGGTCCACGTCCTCGGTCACCTCTATT
718 : AMACAGACGCCCAACAGGACCGGCAAGCGCCTGACCCGAGCCCAGETGATAACCGACTCCCCCGGCTCCACGTCCTCGETCACCTCCGTT
% 2k 3k % ok o ok o o ok ok e ok 3K e ok ok ok ok e ok ok ok e ko ok ok Rk ok ok ok ok ok ok ok e ok e ok ok ke ok ok 2B oK B ok e okl ok e ok e ol sk ol ok ok ke ok ke ok ok ok ok ok ke ok ke ok e sk e ok e ok ok *%
¥ GR61C
811: AACTCGCGGGTTCCCGACGTGCCCAGCGAATCCGGATCTCCTGTGTATGTIRACCAAGTCAAAGTGCGAGTCTCCGACGCCCTGCTGGAA
808 : AACTCGCGGGCTCCCGACGTGCCCAGLGARTCCGGGTCCCCGGTGTACGTGAACCAAGTCAAAGTGCGGGTCTCCGACGCGLTGCTGGAG
ok ok kR dk kKoK kK ok ke ok Ok ok Ok ORR R Aok KOk Kok Ok kakk ok dkok kR Rokokdkok R koK okok Kk 3k ok ok ok ok Kok sk kR KRk ook kR sk Rk R dkk ok ok ok ok ok ok sk ok
PKA
901 : AAGAAGAAACTCATGGCCGCTAGGGAGCGCAAAGCCACAAGACCCTAGGGATCATTTTGGGAGCCTTTATTGTGTGTTGGCTACCCTTC
898 : AAGAAGAAACTCATGGCCGCTAGGGAGCGCAAGCCACCAAGACCCTGGGAATCATATITGGGAGCCTTTATCGTGTGCTGGCTGLCCTTC
e ke o o 3k ok ok 3k ok o 3 ks o ke e o S o e e ke o e e e e e ok ook ok ok K ok K ke kbR ok R Rk Kk kR dkokkk  okkkkokkokokkokkkokk kakdkokdk kkokkok dkkokkokk
 rossc
991 : TTCATCATCTCCCTAGTGATGCCTATCTGCAMAGATGCCTGCTGGTTCCACCTAGCCATCTTTGACTTCTTCACATGGCTGGGCTATCTC
9881 TTCATCATCTCCCTGGTGATGCCTATTTGCAAGGACGCC TGCTGGTTCCACCTGGCCATCTTCGACTTCTTCACGTGGCTGGGCTATCTC

ook ok Aok kR kokokokok ko kokakokskokokdkok  kkokdkdk  kok dkkokskokoekokodkkokokakokkokk  dkokokkokkokak  dkokokodkakokakokakoksk ok kok ok dkokodkokok ko ok ok

1981 : AACTCCCTCATCAACCCCATAATCTATACCATGTCCAATGAGGACTTTAAACAAGCATTCCATAAACTGATACGTTTTAAGTGCACAAGT
1078:AACTCCCTTATCAACCCCATCATCTATACCATGTCCAATGAGGACTTCAAACAAGCGTTCCATAAACﬂQATACGCTTTAAGTGCGCAGGT
SRk ok R Rk kR KRR ROR ok ok R K ko o oo KRR KRR K KRR KRR oK kKoK KKk KKK SRR KRR R R KRR Rk Kok

+ Giiaec
1171:TGA

1168:TGA

*okok

Fig. 1. The canine and human 5-HT receptor genes. () Multiple alignment of the human 5-HTR1B gene and the canine 5-
HTR1B gene identified in this study. The PKA and PKC binding sites of the human 5-HTR1B gene are shown in boxes. The
identified SNPs and SNPs reported in human are shown in boxes with arrows. (b) Multiple alignment of the human 5-HTR2A
gene and the canine 5-HTR2A gene. The beginning of each exon in the human geneisindicated by an arrow. The SNP reported
in human is shown in box with arrow. (c) Multiple alignment of the human 5-HTR2C gene and the canine 5-HTR2C gene. The
beginning of each exon in the human geneis indicated by an arrow. The SNP reported in human is shown in box with arrow.
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5-HTR2A gene (upper: human, lower: canine)

exonl

1:ATGGATATTCTTTGTGAAGAAAATACTTCTTTGAGCTCAACTACGAACTCCCTAATGCAAT TAAATGATGACACCAGGCTCTACAGTAAT
1:ATGGATGTCCTCTTTGAGGATAATGCTCCTTTGAGCCCAACCACCAGCTCCTTAATGCCGTCAAACGGGGACCCAAGGCTCTACGGCAAC

FokEkEK K kk K KokE Rk kokk Kk RokRRENRK RRMF Kk K KRKF RRERARR * kkX ¥k KRk K fRKFRRKRFK K KK

v T102C

91:GACTTTAACTCEFGAGAAGCTAACACTTCTGATGCATTTAACTGGACAGTCGACTCTGAAAATCGAACCAACCTTTCCTGTGAAGGGTGC
91: GACCTGAACGCTGGAGACGCGAACACTTCGGATGCATTTAACTGGACAGTGGATGCAGAAAACCGAACCAACCTTTCCTGCGAGGGCTGT

181:
181:

271:
271:

361:
TATGCTGCTGGGTTTCCTTGTCATGCCCGTGTCCATGCTAACCATCCTATATGGTTACCGGTGGCCTCTGCCTAGCAAACTGTGCGCCGTG

361

451:
451:

541:
T ATCCACCATAGCCGATTCAACTCCAGAACTAAGGCATTTCTGAAGATCATCGCTGTCTGGACCATATCAGTGGGTATATCTATGCCAATA

54

Juey

631:
631:

721:
721:

901:
1 AGGGAGCCAGGGTCCT - -AC-GGCAGGAGGACTATGCAGTCCATCAGCAATGAGCAGAAAGCTTGCAAGGTGCTGGGCATTGTCTTCTTC

901

991:
988:

ddk ok okkok ckkokdkkkok sk dkokokokokokokok  okskokokokdkkokok kK kokokdkokskokk skok * kckokokok  dkokokokkokkokodk ok kokokkokk kk kk k%

CTCTCACCOTCGTGTCTCTCCTTACTTCATCTCCAGGAAAAAMACTGGTCTGCTTTACTGACAGCCGTAGTGATTATTCTAACTATTGCT
CTCTCGCCACCATGCTTCTCCCTACTTCATCTCCAGGAAAARAACTGGTCGGCTCTGTTGACAGCGGTCGTGATTATTCTGACCATTGCT

EEE LS 3 * k* Fokkokok  kkokokoskokkkkokkkockdokkkokdkokkokokkkk Kk KkK K dkokokdkokdkok ok dkokkkdkokdokdkokok ok kdkokakokok

GGAAACATACTCGTCATCATGGCAGTGTCCCTAGAGAAAAAGCTGCAGAATGCCACCAACTATTTCCTGATGTCACTTGCCATAGCTGAT
GGAAACATACTCGTCATCATGGCAGTGTCCCTAGAGAAAAAGC TGCAGAACGCCACCAACTATTTCCTGATGTCACTTGCCATAGCTGAT
A3 2k K 2k 2k ok oK % 3k 3 oo ok ok ok ok ok o 3k ok 3 o oK ok oK K 3K ke 3R 3k K oK ok ok oK ok 3 ok ok ok oK ke oK ok oK ok ko 3 3k 3k oK o ok ok ok K 2k ok ok ok ok o ok ok ok ok e o oK ok ok %K ok a k 3 ok 2K ok oK ok ok ok K Kk
exon2
ATGCTGCTGOGTTTCCTTGTCATGCCCGTGTCCATGTTAACCATCCTGTATGGGTACCGGTGGCCTCTGCCGAGCAAGCTTTGTGCAGTC

ek ok sk ok ok ok ok ok ks ok ok skokok ok kok ko sk sk okok ok kkok sk ok ok ok kokakkokokokok  Rokokkok  skakokokskokokokok ko kokkk Rk k kK k% kk kk Kok

TGGATTTACCTGGACGTGCTCTTCTCCACGGCCTCCATCATGCACCTCTGCGCCATCTCGCTGGACCGCTACGTCGCCATCCAGAATCCC
TGGATCTACCTGGACGTGCTCTTCTCCACGGCCTCCATCATGCACCTGTGCGCCATCTCGCTAGACCGCTACGTTGCCATCCAGAACCCC
e dkokokok 3k ok ok ok ok 3 oK o ofe o sk ok ofe of ke ok 3 ok o ok sk 3k e o 3k ok e ok e o ok ok o ok ke ok o ok e ok ok koo dokokkkk  okdeokokokokokdkokk ok kokokokkkkkkdkok koksk
exon3
ATCCACCACAGCCGCTTCAACTCCAGAACTAAGGCAT TTCTGAAMATCATTGCTGTTTGGACCATATCAGTAGGTATATCCATGCCAATA

Aok ok Rk ok ok ook koK ok ok ook ok o ok R ok oK ke ook o s ok e ROk ROR R Rk KKK ok koK oKk KR ke ok 3 ot o ok K oK oK oK ok ok o kok kK koK kR K Kk Kk

CCAGTCTTTGOGCTACAGGACGATTCGAAGGTCTTTAAGGAGGGGAGTTGCTTACTCGCCGATGATAACTTTGTCCTGATCGGCTCTTTT
CCAGTTTTCGGGCTACAGGATGATTCCAAGGTCTTTAAGGAAGGGAGC TGCCTACTTGCCGACGATAACTTTGTCCTGATCGGCTCTTTC

Fokdkokk kok kokkdokdokdkdkdkdk ckskokdkok ckkkkkkkbAkkokdkkk Rokkkk EKK Kbk KERKE 2k 2 2k o o o8 ok ok K oK 6 ok ok 3 ok ok ok o ok ok ok ok ok ok ok ok

GTGTCATTTTTCATTCCCTTAACCATCATGGTGATCACCTACTTTCTAACTATCAAGTCACTCCAGARAGAAGCTACTTTGTGTGTAAGT
GTGTCGTTCTTCATTCCCTTAACCATCATGGTGATCACCTACTTTC TAACTATCAAGTCGCTCCAGAAAGAAGCCACCTTGTGTGTGAGT

Rk dkok ok ok ok ok ok sk o ok ok o ok ok ok ok e ok ok o ok oK ok ok ok sk ok ok ok ok ok ok o ok ok ok Sk sk Sk sk sk R K R R ok R ok Kok ok sk Rk kR Kok kR kR kK %k HEkkokkkkk Rkk

{GATCTTGGCACACGGGCCAAATTAGCTTCTTTCAGCTTCCTCCCTCAGAGTTCTTTGTCTTCAGAAAAGCTCTTCCAGCGGTCGATCCAT
811:

GATCCTGGCACACGGGCCAAGCTAGCGTCTTTCAGCTTCCTCCCTCAGAGCTCCCTGTCTTCGGAAAAGCTCTTCCAACGATCAATCCAC

Rk kdkokdokkkokok ok dkkk RkkRobkokk kKRR Ak kR Rk kokokokokkok kokokkkkkkokk ARk ok kk dokkokak

AGGGAGCCAGGGTCCTACACAGGCAGGAGGACTATGCAGTCCATCAGCAATGAGCAAAAGGCATGCAAGGTGCTGGGCATCGTCTTCTTC

2k ok ok ok ok ok 3k 3k K ok ok ok ok kR k. A ook kR ak ok ok ok ok ok ok ok sk ok Sk koK Kk ke ok ok kR Rk ok kokokkokok ok Kok kok dkokokakak kR sk ok ok ok okokokok ook ok skofeok ok ok ok

CTGTTTGTGGTGATGTGGTGCCCTTTCTTCATCACAAACATCATGGCCGTCATCTGCAAAGAGTCCTGCAATGAGGATGTCATTGGGGCC
CTGTTTGTGGTGATGTGGTGCCCATTCTTCATCACGAACATAATGGCCGTCATCTGCAAAGAGTCCTGCAACGAGGATATCATTGGAGCC

Fokok ok ok ok ok ok ok kR Rk ok Rk ke Rk ok kokRokok Aok hokokakok ook okok ko ok ok ok ok ok ok ok ok ok ok R ok R ok ok ok Rk ok ok Rk Kkkokkdkk kkk

1081: CTGCTCAATGTGTTTGTTTGGATCGGT TATCTCTCTTCAGCAGTCAACCCACTAGTCTACACACTGTTCAACAAGACCTATAGGTCAGCC
1078: CTGCTCAACGTGTTTGTCTGGATCGGTTACCTCTCCTCGGCGGTCAACCCACTGGTATACACACTGTTCAACAAGACCTACAGGTCGGCC

HokkkdoRdkok  kkokdeokdkokdk  oksokdekokdkkdkokk kokdkokdk kb ok dekokokdokdkokdkokk Kok kokokkokokok skokokskok ok ok ok sk okeok ok Aok ok ok ok *k k%

1173 TTTTCACGGTATATTCAGTGTCAGTACAAGGAAAACAAAAAACCAT TGCAGTTAAT TTTAGTGAACACAATACCGGCTTTGGCCTACAAG
1168 : TTCTCCCGGTATATTCAGTGTCAGTACAAGGAAAATAAAAAACCATTGCAGTTAATTTTAGTGAACACTATACCGGCCTTGGCCTACAAA

Fk ok skookook ok ok ok ok ok ok ok ok ok ok ok ko ak ok ok ok ook ke o ook ok ok ok ok ok ok ok ok ok ok ke ok ok SR ok B ke ok ok R okok ok oRok Rk Rk ok ok sk kR ok kK e ko ok o ok o ok ok ok

1261 : TCTAGCCAACTTCAAATGGGACAAAAAAAGAATTCAAAGCAAGATGCCAAGACAACAGATAATGACTGCTCAATGGTTGCTCTAGGAAAG
1258: TCTAGTCAACTCCAAATGGGACAAAAAAAGAATTCAAAGAAAGATGCCAAGAGCACAGATAATGACTACAGCATGGTTGCTCTAGGAAAA

dodokkok Rk dkakokadkkoksokkokokokkokskokokok ok ok ok ok R Kk kR ok ok K K ok of ok ok ok ok FkkKkRERKK KKK X % ok o ok ok 3 ok o ok o ok K ok o ok Kk

1351: CAGCATTCTGAAGAGGCTTCTAAAGACAATAGCGACGGAGTGAATGAAAAGGTGAGCTGTGTGTGA
1348 : CAACATTCAGAAGACGCTCCTACAGACAATATTAACACAGTGAATGAAAAGGTTAGCTGTGTGTGA

Fok kkdkk okokokkk okdkk okokok okokkokokkdkok * % ok ok ok sk ok ok ok kol sk ok ok ok o ok ok ok ok ok 3k ok ok Xk ok ok
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5-HTR2C gene (upper: human, lower: canine)

exonl exon2 ¥ Cys23Ser
1: ATGGTGAACCTGAGGAATGCGGTGCATTCATTCCTTGTGCACCTAATTGGCCTATTGGTTTGGCATG TRATATTTCTGTGAGCCCAGTA
1: ATGGTGAACCTGAGGAAAGCGGTGCATTCGTTCCTTGTGCACCTAATTGGCCTACTGGTTTGGCAATGCGATATTTCTGTGAGCCCTGTT

KA KN R RAK KK KK RK KRR KRR KR RF KRR FRE R KR KRR KRR RR R KKK RRRARK KRR KR KRR Rk hRKRRk Rk Kok Rk Rk k kK ok hok

91 :GCAGCTATAGTAACTGACATTTTCAATACCTCCGATGGTGGACGCTTCAAATTCCCAGACGGGGTACAAAACTGGCCAGCACTTTCAATC
91:GCAGCTCTAGTAACTGACATTTTCAATACCTCCGATGGTGGACGCTTCAAATTCCCAGACGGGGTACAAAACTGGCCAGCACTTTCAATC

ok ok ek ok ke ok ok ok ok 3 ok oK 2k ok ok % ok 3 ok 3 ok e 2k ok ok ok ok e ok o 2k ok e ok ok ok ok 3k ok 2k ok 3K ok 3 ok 3 ok 3 oK ok ok sk ok ko 3k ok 3k sk K ok sk ok ok ok ok 3k ok ok ok ok ak ok 3k ok ke 3k ok ok ok ok sk ok koo sk K

181: GTCATCATAATAATCATGACAATAGGTGGCAACATCCTTGTGATCATGGCAGTAAGCATGGAAAAGAAACT GCACAATGCCACCAATTAC

181: GTCATCATCATAATCTTGACAATAGGTGGCAACATTCTCGTTATCATGGCAGTAAGCTTGGAAAAGAAACTGCACAATGCCACCAATTAC

dokokokdekdek  dkokokokokodk  Skokokokokakokokokokokokokokokokokokok  dkak kK koK oKk oKk oKk Kok ok ko dcok ok ok ok ok ke e s s ok 3k ok o ok b o ek ok ok sk ok o o ok ok ke ok ok ok Kok ok ok
exon3

271: TTCTTAATGTCCCTAGCCATTGCTGATATGCTAGTGGGACTACTTGTCATGCCCCTGTCTCTCCTGGCAATCCTTTATGAT TATGTCTGG

271 TTCCTAATGTCCCTAGCCATTGCTGATATGCTAGTGGGACTACTTGTCATGCCACTGTCTCTGCTTGCAATTCTTTATGATTATGTCTGG

ok ok ok ok 3K Ok ok oK ok ok ok 3 ke ok ok o o ok ok ok ok ok ok ok dk ok ok sk ok ok K R R kR Rk K R R R kR R KRk kR kokkokok R Rk ok akokakok kK ok ok ok ok ok ok o oK ok K ok R koK

361: CCACTACCTAGATATTTGTGCCCCGTCTGGATTTCTTTAGATGTTTTATTTTCAACAGCGTCCATCATGCACCTCTGCGCTATATCGCTG
361: CCACTACCTAGATATTTGTGCCCCOTCTGGATTTCTTTGGATGTTTTATTTTCTACAGCGTCCATCATGCACCTCTGCGCTATCTCGCTG

2k ok ok e ok ok ok ok Kok ok kb kb kR kR kR kR ok kR R KRRk KRRk kR okRokdokk Rk Rk kokdokkokFkkkFokkkokkRkkokkkk kR kK ok E KokE kA%

ity

451 : GATCGGTATGTAGCAGTGCGTAGTCCTGTTGAGCATAGCCGTTTCAATTCGCGGACTAAGGCCATCATGAAGATTGCTATTGTTTGGGCA
451: GATCGGTATGTAGCAATACGTAATCCTQTTGAGCATAGCCGTTTCAATTCGCGGACTAAGGCCATCATGAAGATTGCTATTGTTTGGGCA

Fokokkokdeodkdkkakokkodkkak ok deakokok kK ok ok ok 3 ok ok o ok ok ok o ok ok ok oK 2k 3k ok e o 3K ok ok ok 3 ok 3k 2k k3 ok ok 3 o 6 ok ok 2k 3 3k 3k 2k 3 ok 3 ok 3ok ok ok o ok % ok o ok 3k ok ok ok A ok ok ok

Py

exond
I ATTTCTATAGGTGTATCAGTTCCTATCCCTGTGATTGGACTGAGGGACGAAGAAAAGGTGTTCGTGAACAACACGACGTGCGTGCTCAAC
:ATTTCGATAGGTGTGTCCGTTCCCATCCCAGTGATCGGACTGAGAGATGAAGAGAAAGTGTTCGTCAACAACACCACATGCGTGCTGAAC

ddokkok kokkkkkkok ke kokkokk kdokdkok kkokdok ORIk ok RRRAR Rk Rokkkkkkk kkkkkkkE Kk kdkIERRE KoKk

54
54

U

631 : GACCCAAATTTCGTTCTTATTGGGTCCTTCGTAGCTTTCTTCATACCGCTGACGATTATGGTGATTACGTATTGCCTGACCATCTACGTT
631: GACCCAAACTTCGTTCTCATTGGGTCCTTCGTCGCTTTCTTCATACCGTTGACGATCATGGTGATCACATACTGCCTGACCATCCACGTT

Fokokkkokokok  RokokkARRR KRRk R dkokkokkok  Aokdokkkakkodkdokok ok kA KRR KK RRRRRAKRK K R R RERRRRRE koK

72
72

Py

1 CTGCGCCGACAAGCTTTGATGTTACTGCACGGCCACACCGAGGAACCGCCTGGACTAAGTCTGGATTTCCTGAAGTGCTGCAAGAGGAAT
(CTTCGCCGTCAAGCCCTGATGTTACTGCACGGCCACGTCGAGGAACCGCCCAGAATAAACCTGGACT TTCTGAAGTGCTGCAGGAGGAAC

kok  okskokakk  dokokkok 3 3k 3k 2k o b ok ok % ok % ok ok % 3Ok ok k k. & ok ok ok ok ok ok %k e K ok %k *k  dokok dkokkokok  skok kokkokkkkkokkkkk kkKkkRk

[y

811: ACGGCCGAGGAAGAGAACTCTGCAAACCCTAACCAAGACCAGAACGCACGCCGAAGAAAGAAGAAGGAGAGACGTCCTAGGGGCACCATG
811:GGCACGGAGGAAGAGAACTCTGCCAACCCGAACCAAGATTCGAACCCACGCCGAAGAAAGAAGAAAGAGCGACGTCCCAGGGGCACCATG

%k dedkodkeokkkokkokkokkokRokdok kkkdkok okkokkkokkk dokokok dkokokkokkokokokokokkokokokokkkok kkk  kokokkokdkk  kokkdkokdokdkkkkk

90
90

foec

1 CAGGCTATCAACAATGAAAGAAAAGCTTCGAAAGTCCTTGGRATTGTTTTCTTTGTGTTTCTGATCATGTGGTGCCCATTTTTCATTACC
- CAAGCCATCAACAACGAACGGAAAGCGTCGAAAGTCCTTGGCATTGTTTTCTTTGTGTTTCTGGTCATGTGGTGCCCGTTTTTCATTACC

ko ok kokckokdkokokk okkok ok okkakdkok  dkoakokdkokdokokokkokdkokk  RokRKRRERKNER KRR KRR kK HoksdokFokRok Rk kK  HokFok kKA kKKK

Py

991 AATATTCTGTCTGTTCTTTGTGAGAAGTCCTGTAACCAAAAGCTCATGGAAAAGCTTCTGAATGTGTTTGTTTGGATTGGCTATGTTTGT
991 : AATATTCTGTCGGTTCTGTGCGGGAAGGCCTGTAACCAAAAGC TCATGGAAAAGCTTCTGAACGTGTTTGTTTGGATTGGCTATGTCTGT

kdokkkdkkkokdok kokkdkk ok ok kKR kkdoRRdkkkRoKRRKRRK kR RRd kR kR kR okdk ok Nk kokokdkokdkkokkokkkkkkkkkkk kkk

1081 : TCAGGAATCAATCCTCTGGTGTATACTCTGTTCAACAAAATTTACCGAAGGGCATTCTCCAACTATTTGCGTTGCAATTATAAGGTAGAG
1081 : TCGGGAATCAATCCTCTGGTGTACACGCTTTTCAACAAAATTTACCGCAGGGCTTTCTCTAACTATTTGCGCTGCAATTATAAGCCAGAA

sk ckokokodkokokodokokkokdkokokdkokkokkk Rk Kk kkoRREREREICRNRd KRR hokkkok ckokskokk kokkokkdokkokokk kokkkokkkkokkkk * k%

1171 : AAAAAGCCTCCTGTCAGGCAGATTCCAAGAGTTGCCGCCACTGCTTTGTCTGGGAGGGAGCTTAATGTTAACATTTATCGGCATACCAAT
1171: AAGAAGCCTCCCGTGAGACAGATGCCCAGAGTGGCTGCTACCGCTTTGTCCGGAAGGGAGCTCAATGTTAACATTTACCGGCACACCAAC

dok kkkkkkkk kk Rk kkkdkk kb bRk sk ok kA dokdokdokkk WAk kkdkkkdkkdk kkkkkkkkkkkkork kkkokk Kkkkk

1261 : GAACCGGTGATCGAGAAAGCCAGTGACAATGAGCCCGGTATAGAGATGCAAGTTGAGAAT TTAGAGTTACCAGTAAATCCCTCCAGTGTG
1261 : GAACCGGTGCTTAAGAAAGCTAATGACAAGGAGCCCGGTATAGAGATGCAGGTGGAGAATTTGGAGCTACCAGTTAATCCCTCCAGTGTG

dokkokokkkkk K dkokkokokk ok ckokokakokok dkskokdkskokdeokokokakkokodkkdkkokkok okk kokskokskokokk okkok kkkkokkok ok kokokkoKokk KRk KKKk

1351: GTTAGCGAAAGGATTAGCAGTGTGTGA
1351: GTTAGTGAAAGGATCAGCAGCGTGTAA

RAkkokk kK EARER KEkkkk FRkkk ok

969
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Table. 2. Genotypes, allele frequencies and heterozygosities of six polymorphic regions in five dog breeds

Breed N Genotype Allele Heterozygosity
G57A G/G G/A AlA G A

Total 189 185 (97.8) 2 (11 2 (11 372 (98.4) 6 (1.6) 0.0313
Golden retriever 46 42 (91.3) 2 (43) 2 (43 86 (935 6 (6.5 0.1233
Labrador retriever 40 40 (100.0) 0 (0.0) 0 (0.0 80 (100.0) 0 (0.0 0.0000
Maltese 40 40 (100.0) 0 (0.0 0 (0.0 80 (100.0) 0 (0.0 0.0000
Miniaure schnauzer 26 26 (100.0) 0 (0.0 0 (0.0 52 (100.0) 0 (0.0 0.0000
Shibalnu 37 37 (100.0) 0 (0.0 0 (0.0 74 (100.0) 0 (0.0 0.0000
A157C AlA AlC c/C A C

Total 189 180 (95.2) 4 (21 5 (2.7) 364 (96.3) 14 (3.7) 0.0715
Golden retriever 46 37 (80.4) 4 (8.7) 5 (10.9) 78 (84.9) 14 (15.2) 0.2609
Labrador retriever 40 40 (100.0) 0 (0.0 0 (0.0 80 (100.0) 0 (0.0 0.0000
Maltese 40 40 (100.0) 0 (0.0 0 (0.0 80 (100.0) 0 (0.0 0.0000
Miniaure schnauzer 26 26 (100.0) 0 (0.0 0 (0.0 52 (100.0) 0 (0.0 0.0000
Shibalnu 37 37 (100.0) 0 (0.0 0 (0.0 74 (100.0) 0 (0.0 0.0000
G246 G/G G/A AlA G A

Total 189 148 (783) 33 (175 8 (42 329 (87.0) 49 (13.0) 0.2263
Golden retriever 46 15 (32.6) 24 (522) 7 (15.2) 54 (58.7) 38 (41.3) 0.4902
Labrador retriever 40 38 (95.0) 1 (25) 1 (25 77 (96.3) 3 (37 0.0731
Maltese 40 40 (100.0) 0 (0.0 0 (0.0 80 (100.0) 0 (0.0 0.0000
Miniaure schnauzer 26 26 (100.0) 0 (0.0 0 (0.0 52 (100.0) 0 (0.0 0.0000
Shibalnu 37 29 (784) 8 (216) 0 (0.0 66 (89.2 8 (10.8) 0.1955
C660G c/C C/G G/G C G

Tota 189 166 (87.8) 17 (9.0 6 (3.2 349 (92.3) 29 (7.7) 0.1420
Golden retriever 46 35 (76.1) 9 (196) 2 (493 79 (85.9) 13 (14.1) 0.2453
L abrador retriever 40 29 (725) 7 (175) 4 (10.0) 65 (81.3) 15 (18.7) 0.3085
Maltese 40 40 (100) 0 (0.0) 0 (0.0) 80 (100.0) 0 (0.0) 0.0000
Miniature schnauzer 26 26 (100) 0 (0.0 0 (0.0 52 (100.0) 0 (0.0) 0.0000
Shibalnu 37 36 (97.3) 1 (27 0 (0.0) 73 (98.6) 1 (14 0.0270
T955C TIT T/C c/C T c

Tota 189 96 (50.8) 54 (28.6) 39 (20.6) 246 (65.1) 132 (34.9) 0.4557
Golden retriever 46 29 (63.0) 14 (305) 3 (6.5 72 (78.3) 20 (21.7) 0.3440
L abrador retriever 40 17 (425) 17 (425) 6 (15.0) 51 (63.8) 29 (36.2) 0.4680
Maltese 40 36 (90.0) 3 (75 1 (25 75 (93.8) 5 (6.2 0.1186
Miniature schnauzer 26 1 (38 4 (154) 21 (80.8) 6 (11.5) 46 (88.5) 0.2081
Shibalnu 37 13 (351 16 (433) 8 (21.6) 42 (56.8) 32 (432 0.4975
G1146C G/G G/C c/C G C

Tota 189 122 (64.6) 38 (20.1) 29 (15.3) 282 (74.6) 96 (25.4) 0.3799
Golden retriever 46 33 (717) 10 (21.8) 3 (6.5 76 (82.6) 16 (17.4) 0.2904
L abrador retriever 40 30 (75.0) 7 (175 3 (7.5 67 (83.8) 13 (16.2) 0.2756
Maltese 40 38 (95.0) 2 (50 0 (0.0) 78 (97.5) 2 (25) 0.0493
Miniature schnauzer 26 3 (115 4 (154) 19 (73.1) 10 (19.2) 42 (80.8) 0.3167
Shibalnu 37 18 (48.6) 15 (406) 4 (10.8) 51 (68.9) 23 (3L1) 0.4342

The percentage in each category is shown in parenthesis.

inter-breed differences as regards the actual number of gen-
otypes and alleles was highly significant in four SNPs, as
based on the y? test (G246A; genotype: y?=42.556, df=4,
p<0.0001 and alele: y*=43.338, df=2, p<0.0001. C660G;
genotype: y?=10.481, df=4, p=0.0331 and allele: y2
=11.965, df=2, p=0.0025. T955C; genotype: y*=97.443,
df=8, p<0.0001 and allele: ¥?=103.879, df=4, p<0.0001.
G1146C; genotype: y*=99.317, df=8, p<0.0001 and allele:
x?=114.193, df=4, p<0.0001). The G57A and A157C poly-
morphisms were seen only in the Golden retrievers. The
G246A and C660G polymorphisms were not observed in
either the Malteses or the Miniature schnauzers. Asregards
the T955C and G1146C polymorphisms, the C allele was

dominant in the Miniature schnauzers, whereas other aleles
were dominant in the other four breeds (Table 2).

DISCUSSION

Since the amplified genes in this study werefound to be
highly homologous to the 5-HTR genes reported in other
species such as humans, mice and rats, the present findings
were considered as representative of actual 5-HT receptor
genes in the dog. We identified six SNPs in the coding
region of the SHTR1B gene, although no polymorphism
was found in either the 5-HTR2A or the 5-HTR2C gene. If
apoint mutation had occurred by accident and was reserved,
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then the disequilibrium of SNPs observed among the 5-HT

receptor genes seems to be rather strange at this moment.

Further study istherefore needed to clarify whether thisdis-

equilibrium was simply the result of an accidental factor

dependent on evolutional distance, or if it was theresult of a
significant factor such as the particular intron-lacking struc-

ture of the 5-HT1B gene. Moreover, the number of tandem

repeats (VNTR) and SNPs varied; these structures are sus-

pected to be associated with certain personality traits as well

as with disorders in the 5 -regulatory region of human 5-

HTR2C and 5-HTR2A [7, 24] that have been associated

with behavioral abnormalities. It will therefore be neces-

sary in afuture study to extend the present search into the
upstream regulatory region of these genes.

Most SNPs identified in this study, with the exception of
A157C, do not cause amino acid substitution. However,
some lines of evidence have suggested that even silent
mutations may exert some influence on personality and cer-
tain mental disorders [1, 2, 6, 16, 19, 29]. These previous
reports presumed that silent mutations might induce genetic
linkage to functional variations in a coding or regulatory
region, or possibly even in aneighboring gene, although the
silent mutations themselves might not be the cause of func-
tional variations. Only A157C was suspected of causing an
amino acid subgtitution of Isoleucine for Leucine in this
study. This SNP may lead to functional changes due to a
direct structural change in the amino acid product.

In humans, the 5-HT1B receptor has seven transmem-
brane-spanning regions and four intracellular loops with
three PKC and two PKA sites [18]. The G861C polymor-
phism, which islocated between two PKA sitesin the long-
est intracellular third loop, is thought to berelated to certain
mental disorders, i.e., depression [11] and aggression [14].
Thefollowing SNPsin dogswere considered as correspond-
ing to thosein the human 5-HTR1B gene: G57A and A157C
were located in the first extracellular region, G246A was
located in the first intracellular loop, C660G was located in
the fifth transmembrane-spanning region, T955C was
located in the sixth transmembrane-spanning region, and
G1146C was located in the fourth intracellular loop, which
also had a palmitoylation site [18]. Although the sites of
canine SNPs do not completely coincide with those of the
human SNPs, it is likely that the canine SNPs exert similar
effects to those observed in humans.

With respect to the genetic diversity caused by polymor-
phisms in five breeds, it was found that G57A and A157C
were present only in the Golden retrievers. The G246A and
C660G polymorphisms were not seen in the Malteses or
Miniature schnauzers, whereas T955C and G1146C were
observed in all of the breeds. It was of note that the T955C
and G1146C polymorphisms of Miniature schnauzers
showed inverse distributions of genotypes and alleles com-
pared to those of the other four breeds (Table 2). These
results let us hypothesize the linkage among these SNPs of
this gene; however, complete coincidence in this regard was
not observed in the present study. These breed differences
werealso seen in other canine polymorphic regions[20, 21].

The genetic drift and founder effect (in the process of
domestication and selection) may account for this phenom-
enon [15, 22, 27, 30, 32, 33].

In the present study, we chose to study dogs instead of
laboratory mice or rats, although the living environment of
the latter can be more easily controlled. It should also be
noted in this context that it remains difficult to carry out a
complex personality analysis based on behaviora parame-
ters, asthere appears to be few individual differences among
rodentsin terms of personality traits. Dogs appear to have a
more simple socia system than humans, and yet they seem
to expressmore individuality than rodents; these differences
between species rendered dogs a more useful object than
rodents for thistype of inquiry.

In conclusion, the present study revealed the sequence of
three canine 5-HTR genes (i.e., 5-HTR1B, 5-HTR2A, and
5-HTR2C) aswell asthat of six SNPsin the 5-HTR1B gene;
four of these six SNPs were revealed as having inter-breed
variations, both in terms of genotype as well asin terms of
alelic frequency. Further studies will be needed to clarify
the mechanisms by which these SNPs affect the function of
the 5-HTR1B gene. Breed-specific as well as individual
behavioral traits should aso be investigated in more detail
in order to gain abetter understanding of the genetic back-
ground of the canine temperament.
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