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The polymorphism of 7-transmembrane receptor genes in Artiodactyla.
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Abstract. The beta 3-adrenergic receptor (ADRB3) is a G protein-coupled receptor that is involved in
regulating energy homeostasis. We have studied DNA sequences of swine ADRB3 to fined candidates genetic
polymorphisms for the economically important growth and performance traits in pigs. Five novel haplotypes
derived from the three In/dels and 44 SNPs were identified among domestic pigs and wild boars. Three of them
encode non-synonymous amino acid sequences by five missense polymorphisms and a frameshift by a thymine
insertion. The amino acid polymorphic sites were distributed as follows, one substitution in extracellular loop
1, three substitutions in intracellular loop 3, and one substitution and deletion of two amino acids at the
carboxyl-terminal. There was no polymorphism in the transmembrane domains. In addition, we surveyed
allelic frequency of the thymine insertion that cause frameshift in Southeast Asian local pigs, some commercial
breeds, and wild boars. This thymine insertion was distributed widely throughout the domestic pigs and wild
boars. The frequencies of this allele were relatively low in western improved breeds, while very common in
Asian breeds and wild boars in Asia. This result indicates that this insertion originally occurred in ancient
Asian wild boars and then circulated among Asian domestic pigs. This allele also spread over western breeds
probably through the introgression of Asian pigs into European stocks during the 18th and 19th centuries.
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polymorphism of the beta 3-adrenergic receptor gene and
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its distribution in domestic pigs and wild boars in Asia. |
Animal Science Journal 78 % 3 FICHEFEDOHAR %
E{f\!‘j L 7,: %) DT 35 % o
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7 #IZ$H11 3 ADRB3 Bz T DESIEE

759 InFaT, AAvvy, FFL—X,
=R A 7 v (Sus scrofa leucomystax), ) 27 F
294 )Ty (S s rivkivanus) BLO, Iy v —
BEA Y (S s sp) & VEE»HES L7 DNARK
B % H VT ADRBI BIZTIC BT LB 2 RE L7z,
bbb, Table 1IZRL7ZPCR 7I A4 v —% T
ADRB3 BIZF OEREEE L U LK 04 kb, T
703kb k&L E2.7kb % PCRIC X D HIE L 72,
PCR EMWX, 79 A3 FXZ % — pCR2.1-TOPO
(Invitrogen; CA, USA) ZHiARAAR, KBE % H VT

JU—= VT %{To 7z, 1EED PCREY & 1) R
670 — R HEEL, Table 1IZRL72Y—27 TV A
FICHR 794 <—ty v 2 HVWT, ¥4 70 —2
IV AR & o TIRERGORE 24T 2 720

F2IVV B ITR 1 BERBAZTEDSH

6 MR DIERE T % g L7-#E R, Figure 112R L
7247 DEBEAL 2 HBR I N L SEEONTT F A
TRBHIENTEL, SEHEONTOUI A T%T
JBRESICEIRLIER, N"Tuy 4TI,
ABCO3EEICOEENT, TNHDEEDH B A
NTay AL TEEEFTEE 2 v IZBITE—
WEEAE, 7V—b V7 MNP ELERD, VR
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YU R a-RT 5T LiZ 5 (Figure 2)o
Faid, AR TERINZLZLZEDO) LbANTTS
A4 7IWZHEE L, Table 212/R L7z 5 A E 610 A 5

Table 1. List of the sequence of primers for swine ADRB3. The underlined bases in PCR-
RFLP primers are mismatch bases, which artificially introduced a recognition

site for the Aas | or Xag I restriction enzyme into the amplified fragment.

Name of primers Application- DNA sequence of primers (5" — 3°)
Pig beta 3-F1 PCR TCACTACAGTTGCTGCCATCCGAAA
Pig beta 3-R2 PCR AATGAGGGTGCTGTCTTTGCCCTAA
Pig beta 3-F3 sequencing CGTCTTCGTGACTTCGCTGGCTACA
Pig beta 3-F4 sequencing TATCCGGAAGCATTCGGTATCTCCT
Pig beta 3-R1 sequencing CTCAATTCAGAGACCCTCCCCAGCC
Pig beta 3-R7 sequencing TTCCAGCTGAGAATCTCCACAGGGC
Pig beta 3-R6 sequencing TCACACACAGCACGTCCACCGAGGT
Pig beta 3-R9 sequencing GTTTGCATAGCCTAGCCAGTTAAGG
miss-Aas1-F  PCR-RFLP TTTGTGGCTGGGTGAATCCCGGAAG
miss-4asI-R  PCR-RFLP ATCAACAGAGCTGTTTCTTCAAGGACT
miss-Xagl1-F  PCR-RFLP CCATTTTCAGGGCTTCCTGGGGCCTT

miss-Xag 1 -R2 PCR-RFLP GCCACTTGGTAAGGAATTCCCCCT

11112222p8222222
111122222333334414 99991222KJ44556¢6
55607780112302672914 56799233K782304
Animals haplotype (477 2285716958001644 9107313979 1711
AF274007 reference [ACCAGAATTCACGTTCCGC CTGACAAG-GACTAG
Clawn Al - TGCGTCCTGTA-C-TA- TCC-+-«~GTT-G~ * ~
Myanmar wild boar A2 -*TGCGTCCTGTA-C- ~A- TCC *GTT-G - -
Meishan A2 -"TGCGTCCTGTA-C~- -A- TCC - =-GTT-G- -
Meishan B =%« 0 o v e e G- - . - T-C G*+--GTCTA
Landrase Cci [ T L L L R N o I T R T T T G - -
Japariese wild boar ci o T R T R T T T T T o S R R o S U T G *
Ryukyu wild boar c2 [ T T T T G* " —*C = =« s s Cn s« n s x s =« s« s AG*

Exon 1

Exon 2

Figure 1. Variable positions in the ADRB3 gene among wild boars and domestic pigs. The dots (-) means the identical sequence
with referred AF274007 (Smith et al. 2001). The minus signs (-} means gaps. Nucleotide positions are numbered

according to our sequence alignment, the start cordon begins at 460™ base.



202 AR 2513 - 14% 2006 4F

Amino acid positions

222 34

2 467 90

Haplotype 4 340 8 6
AF274007 N SRA NRP
A] T .« = w D —
A2 T .- D- -
B T NQ - D« -

Ct T <P .

c2 T - P

1 I m v

A VI Vil

Figure 2. Variable positions of the amino acid sequence of the porcine ADRB3. The dots (-) means the
identical sequence with referred AF274007 (Smith et al. 2001). The minus signs (-) means gaps.
The black boxes from | to VIl are transmembrane domains.

%h, TIBLOA VIV EMICBT A EEFHEE
RO/, Thbb, E2X0 Y YEEBEMIETE
L2075 4<—%t v I (miss-Aasl, miss-Xagl)
ZH72ICBAZE L, PCRIBIEER \ZHIBREER LI 247\,
TAE = AT VERIKEIC X > THSN S KEIN Y
FIZX o TEIZFBEDOHEZITo 72 (Table 1),

3. HWREEE
3SEBEHORBMLRE TS, T abbRFERH

WCHESINLZ T, FERTITHE ALV ¥
Y, BIUBMAKRELEGHETHSLT V FL—R, &
SIZ3HIBAL/ONTETEL 7 ¥ 3EKICDOW
T, #2.6kbH 5 7% 5 ADRB3 BIZF DIEFHEF| % Rk
EL7ze INHOEFI%, Smith 5 2001 12 & 5 ELF
AF27007 & HeER L 706 5%, A 23kE L 72 BL5iE,
47 s T OEREN D S %55 20H L wvwNTay 4
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Al 299 TRLOPY, A2 33 v r~— A/
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VVEGYRL=ADPEELTBY, 2V avF
2T I VVICHERL TV, BiEAAL T % v TH
RENT2 4T DEREENLD D B 14481, FHERFEEIS,
R0 O 33 IEIERMREIMICHFE L7z Thbb, 5
FERIRAEABIC 198 (17 DEEEHR L 20DIEA /K
K), L1V VIC1I3EOEEBR, 1oy
BT L 8EDIEREWR, F21 7V /ITBITS 1
BERAB LY, 3IEMMRERCBT 2 6 Mo
BERTH D, RFFRCTHRE L-EFIE, AB252778
5 AB252782 £ TDE§k%F 5 T, DDBJ, ENBL,

B LU Gene Bank DEF— ¥ N— A LIZAELTW
o INLDOWERINIESHTT I BES %
FELZHRE, Al1E A2, ClE CQ2EEFNRERE—D
TI/BEFEEELBY, SEELNINTOS
47, 7TIJEBREFI»rSA, B, BXUCD35 A
TWEHEENT e 2NEOERFIZSE L 72 Smith 5
2001 DELH] & IR2 BTl LD 7 3 BRECH AT R 7%
2 Tz (Figure 2)o 7 2 6 fE1K D DNA #EHZ
D&, ADRB3BIZFDLEZE L -4 %, DNA
DIFFEBFTIL NNV TSHEEONT TS L TPERT
Xz bbb, RADTIBXOA ) VY D#EIIES
RBHFER, IBOIWFEETHL I EIREN
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Figure 1 BX U 2R T L )18, BADPFZICER
L7274 ADRB3N7a ¥ 4 7DH %, ABINTTS
4T3 foNTOsy 4T L 2DODKE BRAEIED
bbb, $bb, SIEMREBIBTHMONT
0% 47 LHEOEEBEBRISZ N, TR
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123 % 7:%, PCREYWDHIRERIRIH KL
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Tus A TETeH, BBLUOCENSOY 4 T%



EBAEEN BT B R T MR O L v 7 ¥ —&(ETF O SNPs AT 203

Table 2. Number of samples from wild boars and domestic pigs by locality and breed.
And the result of genotyping for ADRB3.

Genotypes Allele frequency
Sample T5/T5 T5/T6 Te/Te of T6(%)
No.
Wild boars?
Japanese wild
1:Kagawa 18 5 12 80.6
2:Chubu? district 11 6 1 27.3
Ryukyu wild 21 19 4.8
Myanmar wild 1 100
Cambodian wild 4 4 50.0
Native Pigs
Myanmar 31 10 11 10 -.50.0
Cambodia 83 30 41 12 39.2
Vietnam 26 1 15 10 67.3
Laos 49 13 14 22 59.2
Chinese breed
Meishan 7 1 42.9
Jinhua 5 1 2 60.0
Improved breeds
Laos?® 20 16 10.0
Amami4 18 12 16.7
Berkshire 129 83 43 3 19.0
Large white
L:Aichi 10 10 0
2:Private farm 5 4 1 60.0
Landrace 68 52 15 1 12.5
Duroc 8 6 2 12.5
Middle white 20 20 0
Clawn 76 67 8 1 6.8

1) The subspecies of Sus scrofa in Southeast Asian countries are not well identified.
2) Pooled samples from neighboring prefectures at the midland of Japan, Aichi,

Shizuoka, and Nagano.

3) An improved population by using Duroc and some other colored breed.
4) Mixed breed origin, probably between British Berkshire and some Chinese breeds in

Japan.

T5H & L CHZE%4T > 725 Figure 3AICRL72L 9
12, Aaslt v P EBWZZEAICIE, TSOFREESIE
175 bp D HE—iKE/N > KSR L, TS/T6 DT
A TIE 175 & 155 bp D 2R DIKEN /N v FASHH
L, T6 DAREHEATIX155bp DE—/NY FHPHIAT
5o Xaglty M2 HWZGEITIE, TSOFREEST
165 bp DHE —ikB) )NV FARBO LN, T5/T6 DT

OHEATIE 185 & 165bp D2 ARDIKEN/N Y FATHIER
L, T6 DFEHEATIL185 bp DE /N FHHET
% (Figure 3B) ., ¥ S60TENDKEZ 7 ¥ L 50 HOE
HA 220w, BETREHEEZITo 1ok

T6 T (AR) O BRI, KRG ESHE, 7
VTHERTS, BIUHES 2 VIR 3H LT
WA ZEDRHS NI o7z (Table 2) o X EEZTHH
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Figure 3. Identification of the genotype of swine ADRB3
by using polymerase chain reaction-restriction
fragment length polymorphisms. Result of
Xagl reaction (A), and Aasl reaction (B). M:
DNA size marker with regular intervals of 100-
bp from 1-kb to 100-bp. T5/T5: homozygote of
Exon2-T5 allele, T5/T6: heterozygote, T6/T6:
homozygote of Exon2-T6 allele.
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