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WE.: AR BERI MC4R FEH 2R T8 220 A = MR 09 72 e, LU B8 0k 1 7l FH T8 & 05 220 4
FEHARAY A FARIE . FIF DNA JRA AN Sanger 735 %F MC4R AN T U7 AR FF IR 2 25 M (SNP) /6, 404
SNP (it 1% 2 250 B S5 A4 PR I OGBS 3R R, IR 2808 MC4R FE R4 7 b 2Lk 2 6 4~ SNP i g,
o1 AN SURAE [ 1581219178 G>A(Asp298Asn) 1,5 A~ 3'UTR 28748 (15325999553 G>A .rs344775772 T>A .rs334536177
A>C 15335628164 C>T Fl 181221063 A>T) , 415 3 kA A HAF G Hardy-Weinberg -5, 2 4~ SNP 3 5 AR
275,41 SNP RSN PIELE, RIS RBIR , rs81219178 G>A( Asp298Asn) o7 s, %ot 1y il F0 ey 5 A S & 520, 5
A~ 3'UTR 58 A8 A0 450 R o d 4 /=5 1M FB A S 38 B2 T, 15325999553 G>A I 15344775772 T>A 580 5 J3 i 9,
15334536177 A>C .rs335628164 C>T Fll rs81221063 A>T ST B A, 25 R HEIR , MC4R FE R X F5 2845 (K35 0 A 7
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Analysis on MC4R gene polymorphism and its association with production

traits in Sujiang pigs

ZHOU Chun-bao', LIU Lin-yu', HU Ting-yan'>, NI Li-gang', XU Pan'

(1.School of Animal Science and Technology, Jiangsu Agri-animal Husbandry Vocational College, Taizhou 225300, China;

and Technology, Yangzhou University, Yangzhou 225009, China)

Abstract: This study was aimed to explore the effect of MC4R gene polymorphism on the production traits of Sujiang
pigs, as so to screen molecular markers that can be used to improve the production traits of Sujiang pigs. Single nucleotide
polymorphism (SNP) in the exons of MC4R gene was detected by DNA pooling and Sanger sequencing to analyze the genetic
polymorphism of SNP and its association with production traits. The results showed that six SNP loci were detected in the ex-
ons of MC4R gene of Sujiang pigs, including one missense mutation [ rs81219178 G>A(Asp298Asn) ], five 3'UTR mutations
(75325999553 G>A, 1344775772 T>A, rs334536177 A>C, rs335628164 C>T and rs81221063 A>T) , which all contained
three genotypes and conformed to Hardy-Weinberg equilibrium. Two SNP loci were low polymorphic and four SNP loci were
moderate polymorphic. Association analysis results indicated that rs81219178 G>A(Asp298Asn) locus had significant effects on

chest circumference and chest width, and five 3'"UTR mutational loci had significant effects on body weight, body height and

chest circumference. There showed high linkages between
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ELTE HF AR 4 H (31702089) ; 1T 544 45 T 101 <333

rs325999553 G > A and rs344775772 T > A, among
15334536177 A>C, rs335628164 C>T and rs81221063 A>T.
The results suggest that MC4R gene has a significant effect
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P i &K 52 /K -4 ( Melanocortortion-4 receptor,
MCAR) &R R B R AR AR KRR 5 FhE Rz — 2
A3 WA I — IR W R, Sy 5 R 28 2 A
MC4R i HJ& Leptin &5 F U5 R & & HUHIFECT Bk
P2 U U 45 T B 1 R R T, A A Leptin
HHBIRE TE ARSI AN EES 5 IRE R AR
[ R RE AL AR A Wi e

Vaisse 2512 Geller 2530 F Young selal B g
MC4R FE IR T S AL TR SLRAS 5 N A it 1%
FHERE R E ARG, BEmIBRIE MCAR KN /N R B
B RROCIE | s 1B 5 2R I AR =g W AE S5 A A G
FISERET . Qiu 251N R I MC4R HLH 5" UTR i
T IX 1 578 5 A it | A A MR R A PR . 25 A
%, Kim %57 M GH, MC4R 3 R v () 4 S %8 A8
Asp298Asn 5 IR AR RH BE IR B 1 10 25 AH
Ko P, MC4R P 252w APy A KR & )
HERIERENZ —,

RN ZE M R R R
KR T 1, it 6 AR T M A
HOEAE TR A R R T 4 AR e 4%
B 43T hnic 4l B P ( Marker-assisted selection,
MAS) I FE R B PR AET7 ik R A E 5 e B fp e vk
N UEURE 2 SN CeRvaiNe T B S D i A T 3
HALZE, 3T MC4R SN IRE, AT FEXT MC4R
B Ah W 1Y % R 2 A M (Single nucleotide
polymorphisms, SNP ) i# 47 %5 Wl , Jf X MC4R %&
SNP 5 7 AR AT ST 73 B, LA g e 95 22
PEREUR b ST 3 T AR I A 7l B e 6 B 5 Rl

1 ARSIk

1.1 REEW
I8 s R ok A TLI3 95 22RO A BR 2 /Y 365

SLURZERE A0 H I (180+5) d BFAYIARRT & (BW) |
K (BL) f&& (BH) JE(CC) M (Cw) &
(HW) ISR (BF) T A A r= R8s, R4k
HLAHL ARAFT-20 CORF N,
1.2 FERAFIRNUE

JEH4L DNA $HUA ] £ (DP304) \2xTag PCR
Mastermix ( KT201 ) 1 D2000 DNA Marker ( MD114)
W R AR AE AR (o) A BRA A IR 2 B
(E808961 ) ) [ 11327 sa A (b RHE A BR 2 7, Bio-
west FUHESF BG4 (111860) W A FF 514 78 7K 18 4
YR A BRI 7] SOXTAE 22 6P (T1060) W [ b 5
RKIEFERHABRAA .,

Biodropsis /i fil i #% & £ [ 43 #14% ( BD-1000, 3k
N AR TR & A R R =) |, Veriti 96 FLIA
TEERU (4375786, 3¢ FEFEBR KR BHEE 2 7] 7= b )
LKA (DYY-7C, Jb oS — A W Rk 45 A BR 2 7] 7=
) BRI S 258 (GelDoclt 310, 35 [F UVP A 677
fi)
1.3 EFZH DNA REUK DNA B &itiigE

SR FH I/ 20 20 4 M 3 TR 41 DNA 2 BGR 7] &
PR H-4121 DNA, DNA 28 Biodropsis i il #% iR
B S ATASORI B T 6 5 L Dk A 36 5 A% I s e 22
50 ng/pl, =20 C UKF PR A7 5, B LB E 1 ul
DNA F4# DNA &3, A9 10 4~ DNA R4,
1.4 S|t REK

H# Ensembl ™' (http ://asia. ensembl. org/index.
himl) 5 MC4rR B W ¥ 5 (B R 5.
ENSSSCG00000051798) ,5F[“EH Primer Premier 5.0 {4
BEIE 3 X5 5 | W 1 MC4R JEH AN BT, 518175 WL
L, SR ARTAE Y TR (R0 ) B AT BRA W5

&1 519F5
Table 1 Primers sequences
EIL B4 SRS (5'—3") PR (1 SH k) PR (bp) BKHREE (C)
MC4R-1 F:ATTCAAAGAAACTGAGGGGTAA 160 771 720~ 160 772 900 1181 59
R:CTGTGAAACTCTGTGCGTCC
MC4R-2 F: TGGAACCGCAGCACCTAC 160 772 591~160 773 749 1 180 61
R:AATCCATTGTGCCTATAACCTG
MC4R-3 F:AGCCAAGAACTGAGGAAAACC 160 773 461~ 160 774 620 1181 61

R:CTGAAAATACCTGTGCGATAGA
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1.5 PCR ¥ i

25.0 pl PCR MW AR R L 452xTag PCR Master-
mix 12.5 pl, BS54 (F) 1.0 pl, FIF514(R) 1.0
wl, AR DNA 1.5 pl, ddH,0 7K 9.0 wl, PCR )
LR .95 CHIZEPE 5 min;95 °C 7284 30 s, 1B K 30 s
GEKREEWLZ 1) ,72 CHEMf 1 min, 35 PMEIR, 72
CZEfHf 10 min, 4 CAR-AF,
1.6 MC4R EHE MR

¥ PCR =Wk 24 TAY TR (LE) BRihA
PR FIHEAT Sanger M5, I 7 25 5 DNASTAR. La-
sergene.v7.1 FAFFN Chromas.v2.22 #4110 #7
1.7 SitsHh

A 28 5 i Microsoft Excel 1188982254
MC4R J DR J5 DR R3304 I A6 HE DR %2, i X
R U8 A T I 2 -V A% -1 ( Hardy-Weinberg equilibri-
um, HWE)¥5;, {#iH PopGene 32 43 #7795 Z2 g BEIA
MC4R BN LG B J 5 B ARG BN 238
GRS EFBE LS [ SPSS 19.0 1
PRI )7 25301 (One-Way ANOVA ) Geit 952254 REA
H MC4R FEPUR[RIFE RS A PPtk g S et )
SR E bR 22 TR, XS O B AR 227k
(Duncan’s) #47 #5 21 V- 4 {E Z 0] 1) 22 5 4 2 1% O3
Br, 24P<0. 05 iR 2257 B3 . FIH Haploview 5/
(https :// www.broadinstitute. org/ haploview/haploview )
X MC4R 35 SNP v st T i SIS A 43047
2 RS0
2.1 MC4R EFEH PCR ¥ IEER

PCR ¥ 347 W1 28 1. 5% B i W68 e vl K A

RLJKZ R UL 1, PCR 97347 25 3 — = R/
5 HE R BOR/AMEST

M 1 2 3

2 000 bp —

1000 bp — 1181 bp
750 bp —

500 bp —

250 bp —
100 bp —

M:D2 000 DNA marker;1~3:MC4R :[R PCR #3724,
Bl 1 MC4R EFE XK MEER
Fig.1 Electrophoresis detection results of MC4R gene

2.2 MC4R EERZISME SNP LR

MC4R FERSMET XA I E] 6 4~ SNP 375, 73
TN rs81219178 G>A( Asp298Asn ) \rs325999553 G>A
rs344775772 T>A rs334536177 A>C \rs335628164 C>T
N rs81221063 A>T, Hirp 1581219178 G>A( Asp298Asn)
SR AR HAY 5 4 SNP J2: 3'UTR 75 (£ 2) o
R2 MC4R BEBZHBRSEE(SNP) Fit
Table 2 Single nucleotide polymorphism ( SNP) statistics of MC4R

gene
HZHREZA M - IO
(SNP)L\UL"\ 1ME_ jtl%’éﬁ: %I%‘Mﬁﬁ\
181219178 G>A 160 773 437§ X 587 MC4R-2
(Asp298Asn)

rs325999553 G>A 160 773 559 3'UTR MC4R-2 MC4R-3

e
o

T
5

rs344775772 T>A 160 773 562 3'UTR MC4R-2 MC4R-3

9‘*%
rs334536177 A>C 160 773 730 3'UTR %748 MC4R-2 MC4R-3
rs335628164 C>T 160 773 885 3'UTR 7% MC4R-3
rs81221063 A>T 160 773 971 3'UTR %87% MC4R-3

2.3 MC4R EFE SNP Wizt MR

i 2 3 A 1, SNP {i 5 rs81219178 G > A
(Asp298Asn) A1 3 FPEEF B 735108 GG .GA Fl AA,
Horfr GG A LASER Y A7 2 FhEFEALEER, 53000 6
A, G ARSI I 515325999553 G>A A 3
FhIERAL 20500 GG .GA F1 AA, Hih GG WAL # ik
A A5 2 FRAERLIE I, 4300k 6 LA I 6 iR
WIS  rs344775772 T>A LA 3 FhIE R A
G310 TT TA FlAA, Horp TT LB KA A7 2
FhAERTIE 2090 T A A Hod T g 325 o 5
575334536177 A>C fisi 5 3 P B R BY, 43 0 Ry
AA AC Fll CC, i AA SHRBILF A A 2 FhaEAL
FEH L0 A C, o A AR B BRI
rs335628164 C>T {3i f5A5 3 FhFEHAL 435k CC .CT
AT, Horp CC MR RAIEF Y 5 2 P 3L, o
SR C T, ¢ ARSI BN 51581221063 A>
THIS A 3 FhFER AL 4354 AA AT A1 TT, Hop
AA NARFFERAL A7 2 PG, 430 A FL T,
Horp A RSN IER . XK, 6 4~ SNP £ 75
FREHR A5 S Hardy-Weinberg 1 ( P>0.05)

FH 2% 4 AT, rs81219178 G>A FE 6 4~ SNP Hi4li
HERAR, 2B E RS, AENERARRZ, 28

N

PefE B & & (PIC) & & ; rs325999553 G >A
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1344775772 T>A J& TAREE 235 (PIC<0.250) , HAx

#£3 MC4R BRSNS EFBREMEMEFME

4 LS R THE£25(0.250< PIC<0.500) ,

Table 3 Genotype frequency and allele frequency of single nucleotide polymorphism (SNP) in MC4R gene

PR IR Z2 A TE(SNP) {5 FE R R S R R R P
rs81219178 G>A( Asp298Asn) 6G(0.537) GA(0.392) AA(0.071) 6(0.733) A(0.267) 0.990
15325999553 G>A 6G(0.732) GA(0.241) AA(0.027) 6(0.852) A(0.148) 0.404
15344775772 T>A TT(0.732) TA(0.241) AA(0.027) 7(0.852) A(0.148) 0.404
15334536177 A>C AA(0.668) AC(0.307) €C(0.025) 4(0.822) €(0.178) 0.357
15335628164 C>T €C(0.652) CT(0.321) TT(0.027) €(0.812) 7(0.188) 0.327
181221063 A>T AA(0.652) AT(0.321) TT(0.027) A(0.812) 7(0.188) 0.327

F4 MC4R BRZHEMRNBEEREESE | rs81219178
Table 4 Genetic parameter of MC4R gene polymorphic loci 6
PR RE SN iane guape ARCENL ZEM 6 1325999553 n
(SNP) fi 1 AR AT gepam (o~ frp A X Blockll 572 e
rs81219178 G>A 0.608 0392  1.643 0.315 p

(Asp298Asn)

15325999553 G>A 0.748 0252 1337 0.220 & s |
15344775772 T>A 0.748 0252  1.337 0.220 75 34536177 |
1334536177 A>C 0.707  0.293  1.414 0.250 75

15335628164 C>T 0.695 0305  1.439 0.258 rs335628164 — | |
rs81221063 A>T 0.695 0305  1.439 0.258

2.4 MC4R EF 6 1~ SNP ZEHI A F &34

2 W T BT a5 R i |, 15325999553 6>
A F 15344775772 T>A 3 BEEDN, 5334536177 A>C |
15335628164 C>T F1 rs81221063 A>T 230 %40
2.5 FEIE MC4R EE 6 4> SNP 54~ HRA9%
XS iR

M 2 5 Al Hl, SNP i i rs81219178 G > A

(Asp298Asn) AA I GA &P RIA A iy Bl o) 5 (. 2
BT GG A (P<0.05) , HAYHRAS [F] 3L A 22
] 2% F R .3 (P>0.05) 575325999553 G>A i 5
GG FERIBUAARPR T i A & 0 B I 25 8 T AA S
AL (P<0.05) , GG FEH AR 8% ™ T GA HH
RI(P<0.05) , HAMHRA R LR R Z 0] 22 R H R B
E(P>0.05) ;75344775772 T>A i j5, TT Fe R B4
R RS M EE 2 S T AA R R (P<0.05)
TT J P AU A A 0 2 = T TA JE R (P<0.05)
LA HRAN ) e R R 2 () 25 S 35 1 3 (P>0. 05) 5

rs81221063

B2 FEW MC4R EE 6 4> SNP HES R EE 17T
Fig.2 Linkage disequilibrium analysis of six single nucleotide
polymorphism ( SNP) of MC4R gene

rs334536177 A>C i 15 AA FLP B RIS B i 44
i LR R T CC BRI AL (P<0.05) , AC LR A
AR M R 2 S T e R AL (P<0.05) , H:
AMHERAS R 3 R B 2 [B] 22 53 AN 8 3% (P>0.05) 5
rs335628164 C>T i p5 CC 3 R RIS A i & | A
e SR ERLE R T TT JE P AU (P<0.05) , CT KA #Y
AN N B T TT JE R (P<0.05) , Hidy
RS B8] JE B 2 ) 22 52 3 K W 3 (P> 0.05) ;
rs81221063 A>T v 5 AA FE R RIAMARIR B IR
it Pl 8 2 = T TT LR (P<0. 05) , AT FE R RIAN A
AT M PR 3 e T TT 2R (P<0. 05) , HoAx PRIk
AR B 2 (0] 22 S B B2 (P>0.05)
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Table 5 Association analysis between six single nucleotide polymorphism (SNP) of MC4R gene and production traits in Sujiang pigs

TR Z A8 5 LN LS A il Jey 5 B IR
(SNP)fiigi % (kg) (em) (em) (em) (em) (em) (mm)
81219178 G> GG 77.77(196) 99.02( 196) 59.54(130) 99.29(196)b  28.60(130)h 27.34(130)  16.68(180)

A(Asp298Asn)
GA  81.13(143) 99.35(143) 59.63(88) 101.90(143)a  29.88(88)a 27.85(88) 17.52(123)
AA  81.31(26) 98.10(26) 58.95(10) 103.39(26)a 30.80(10)a 27.95(10) 19.29(20)
15325999553 G>A GG 80.02(267)a  99.37(267) 59.86(159)a  100.89(267)a  29.52(159) 27.79(159)  16.79(233)
GA  78.00(88)ab  98.32(88) 59.03(62)b  100.15(88)ab  28.66(62) 27.18(62) 18.30(80)
AA 73.06(10)b 97.95(10) 57.00(7)b 96.95(10)b 26.43(7) 25.93(7) 16.77(10)
1s344775772 T>A TT  80.02(267)a  99.37(267) 59.86(159)a  100.89(267)a  29.52(159) 27.79(159)  16.79(233)
TA  78.00(88)ab  98.32(88) 59.03(62)b  100.15(88)ab  28.66(62) 27.18(62) 18.30(80)
AA  73.06(10)b 97.95(10) 57.00(7)b 96.95(10)b 26.43(7) 25.93(7) 16.77(10)
1s334536177 A>C AA  79.64(244)a  99.35(244) 50.81(146)a  100.83(244)a  29.44(146) 27.63(146)  16.83(214)
AC  7933(112)ab  98.62(112) 59.27(75)a  100.50(112)a  28.96(75) 27.59(75) 17.96(100)
CC 71.26(9)b 97.39(9) 57.00(7)b 95.83(9)b 26.43(7) 25.93(7) 16.16(9)
rs335628164 C>T CC  79.59(238)a  99.37(238) 50.79(142)a  100.78(238)a  29.48(142) 27.64(142)  16.82(208)
CT  7938(117)ab  98.58(117) 59.35(79)a  100.57(117)a  28.91(79) 27.57(79) 17.88(105)
TT  73.06(10)b 97.95(10) 57.00(7)b 96.95(10)b 26.43(7) 25.93(7) 16.77(10)
rs81221063 A>T AA  79.59(238)a  99.37(238) 59.79(142)a  100.78(238)a  29.48(142) 27.64(142)  16.82(208)
AT 79.38(117)ab  98.58(117) 59.35(79)a  100.57(117)a  28.91(79) 27.57(79) 17.88(105)
TT  73.06(10)b 97.95(10) 57.00(7)b 96.95(10)b 26.43(7) 25.93(7) 16.77(10)

(] —Z R 5 A /NG 5 BERR 22 5 W35 (P<0.05) 55 BT R MR () o

3 9T ie

W MC4R SR T 1 SR Ak, & 1 MR T
2 ASNE T, Filith 332 DM , BN g S5 4
AR R I e R IR, BB 1Y AR N
S AR LR B AR ICZEAS IR AR (5 R )
ARG RFA OO R A A B AN — B, AT AR 2204
PRI G 0 AE R MCAR JE R H AR PR 1 5%
M, AE R4k BR &M B B B 22451 (Restriction frag-
ment length polymorphism, RFLP) Flf% T2 R iC )5
o — A riric, B ERZSEC ) Z T
E TS (HAERETF & SNP I FEA & Ko
BT A R AR B D 2 B R B K i
7T N7 AR R Y — ol bR B R A DU R DNA TR &
T T R B 3 B GEARKG I | B B R P
PE AT BT RAR B, RHE 4 D) B AL S RV
TSNP R AT SR DNA IR ATl A
Sanger I P 1L X 7522 MC4R FER AN 8 F X I8, SNP

HEATAGI , 32 B 6 4~ SNP, A0 46 1 445 LZRAE AN 5
A~3'UTR A5, MC4R 3£ ) 6 4~ SNP ¥ 45 &
Hardy-Weinberg - ( P>0. 05) , % B IR Z2 5 BEIA R
KM MC4R FER (st AR B AR R 285 MC4R %
R BIE R, 6 1> SNP WG B T a1, KW
INEFERER MC4R FER Y 6 41~ SNP (L 3 5] R3¢
Ho 6 1~ SNP HiF 4 4~ SNP (1581219178 G> A,
rs334536177 A>C .rs335628164 C>T .rs81221063 A>
T) & T £ (0.250< PIC<0.500) , £ W% 4
ML EABRKRERTE I,

B SUZRASA . 1581219178 G>A(Asp298Asn) E
T2 TUE 5T g4l S8 R AE KK B MK, Kim
25 ISTIFE % BRPG O7 i R R MC4R JE1R) Asp298Asn
P AA FERBANME Y GG JE N RIANAH AT 5
(0 MR O R Py A TR B A o R 2 7 333 Sk
R R T & B AA FE RIS R G 35 IS B 2
T AG Fl GG FEHTIAA, EH > s 45 R %
W E R R R FREFIE R R SRR T, AA FER 7Y
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AN T I S i 2 T AG AT GG LAk, RE3HE
FPER AR o T, RO LB, AA 3£
RIS AR 35 IR 2 25 = T AG Al GG BE R A4
M, R BEPFEE AR M MC4R RN 2B 5 R K
PEIR A IR MEIT & L, AA IR (958 6 8 iy 14 5
W EEST GG B, AW, 181219178 G>A
(Asp298Asn) ZEARNL X I3 2208 A P R 1 5 i 5
RS RAAT, IR R AA SE AL
5 AG F GG H B B (AR Lb 17 o )2 Ao 3 o
pNR(ER =S St T/ N E NS I S =P W g i N
HAA SERRIAMAR I B 3D T — B R
FEARRHATIAE ST, o3 A ZHHRE BoR , G S0
R PR N L o A OGS Y g IO ST A R
], MC4R 1 rs81219178 G>A (Asp298Asn) FE75
ANE A5 KT A ) T R JRE R A K B G S R e
R, MC4R 1K rs81219178 G>A ( Asp298Asn) Z7AL
PSSR B A K R B RN IR R AR
SEC G AL PR B PR SR 28 A (R AT R 5 R SR AR
L,

ARG 6 4> SNP A 5 4~ 3'UTR 7%,
3'UTR 2 55658 5 P () 38 842, 52 I mRNA £2
E M A0 E RN R R IR AR A e
T KRBT R KW 3 UTR 5% §4: 71k
A YIMISE, Cui PV 7ERY HMGR $£[H 3'UTR &
BRI SNP X6 1L 58 FAILPA] [0 1 5 o 2 5
Hou 257" % B 111 26 MTHFR 3P 3' UTR 19 2 4
miR-SNP 58 48 5 7 W3 PR AR A 56, L A A
HMGBI 3£H 3"UTR %5 5% 25 05 4= 2L b7 R AH 19 45
THRIC, Zang 2513 7E8% DGAT2 3K 3'UTR K IRAY
AT A, 5 0 L JEE R P R i A 5, Zhang
2 134 QB GR 25 L 92 W], miRNA-29¢ 38 i #0] YY7
WS 5N AT, ABFFEH 5 4 3'UTR 2285
IR A R LA S 3 52, 3'UTR /2 miRNA
(R4 X3, miRNA J2& P IR A9 2L A 18 7 D e g Al
i RNA, /5 mRNA [ R4 FpH & B e >, F —
ARG B HEAT 5 S 3'UTR 278 (4 ] miRNA #F5%

SNP &% 3k
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