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(1 R EZG=REEATIE RS BRITK AR FERT A A" Bl BF 5 e B 3ty £ 28 16 7 5 R B F e PO B &, ) 2R )

510380; 2. AR K S areEbe, i 201306 )

E: MR TEZIE -4 (Melanocortin receptor-4, MC4R ) J& 5 P R IR R R Z RN A 2 —, JB FEE G -
FIRNER SZ A B SRG  XTR h iR B it AR i S R RS B B RVE . AR R FHSE R A B AR RS T )2
B B E A1 Oreochromis niloticus ) MC4R JEFIZ DNA J¥ 41, ZFER 41K 2 547 bp, Horh 5" MU P HIH S 1 481 bp, 3 37
Gy 82 bp, b5 IX PN 984 bp, HA 1AM K] PCR Py H40U)F12: . PCR-RFLP Hl CRS-PCR HAXS e % %
AEft MC4R DR R 1 AP 0 DX AT T SNPs A7 ARSI 7378, 25 SR AL ARSI 5 5 4~ SNPs /i 5 ~G1 000C., ~T974A ,
C276T. C561T i1 C708T ), Herf oM 11 3 4~ SNPs (s B R [F) L5828 . T FH— MR PRI 4347 5 1> SNPs v 5 5 e B 2
At AR MARI R, S5 TR, 5 A~ SNPs A7 A [R5 R RY 2 (W) A 3T £ 1) 28 53 3 RAB 53 30N 9.5% .23.2% .14.4% 18.6%
H113.5%, A 155 i F7KF-(P>0.05 ), #4554 SNPs i s AS[RIEE PRI 20 5 B 7 FloSURE L ( R B0 /N T 3% 1925 ), 5%
AT W ZEMR BT AVA X 2 A AR Ty T, BU% Y D4 5 D1, D3, D6 77E i #1255 (P<0.05), AUG AL D2 5
D3, D6 tHAFTE ML F (P<0.05), PRI AT LA &K MCAR FERWE R B - fo A i A5 R MtR A e S R, 187 FH T2

R FHRCHBIE R, [ hEZK - RHE,2009,16 (6) : 816-823]

KR Je B PR ; MC4R; SNPs; AR, G
FESZES: 0959 HEEFRIRAD: A

K [ i % 5% 1K -4 (melanocortin-4 receptor,
MC4R) J& T Fr fil B P A% CVMH) 73 0 7 — 2§
ik ", ok B R R R AR S AR 2
—o MCAR JE T35 7 MK G - R FRRIRSZ 14
( G-protein coupled receptors, GPCRs ) # 2% X % o
FEME TR R GRS DX MC4R 38
1t 5 H ARSI o - B AR (alpha-
melanocyte stimulating hormone, o-MSH ) 2 4% $it 7
agouti # 5 # H (agouti related protein, AGRP) A9 4
AP S AR RE RSOV ® . Huszar
24 5V /NS MCAR FE DRI HIEAT 38044 R, /N L B
WAL PENC I, R 2 TR B R o Wit 245

iR B HE: 2008-12-22; 1&1THEA: 2009-02-28.

XERS: 1005-8737- (2009 ) 06-0816-08

FER, BURIEA T MC4R JE RAE sh ) fig 2 P Y
REEH],

MC4R JE[KTE B A ot s R B 4 Qi v ) o
YERLBIE TERINIMF 222 E 16T, 4 MC4R HEA
VE R — A5 L PR T 5 sl A A MR A DGR
1 A% 1R 22 25 P (Single nucleotide polymorphisms,
SNPs ) v S ELZASEN T )2 MR IRk e
IFpERER MC4R FEIFN#EAT SNPs Ao s ik , Xof 58748
) PshA TEGEEIO; 34T T PCR-RFLP 4371, 4521
W], MC4R BEIH R 5K BT i 35 AH G (P<0.05), 7]
DAZE TEOKE MCAR FEFIAE s RAR Tt (i i 56 A
Kim 25 7 Fi| F PCR-RFLP £ A I 5 6 5% MC4R H:

BEE£MAB: RIE” 9487 TiH (2006-G55 ) 5 EZK “—H" BHEZE T RITH ( 2006BADO1A1201 ) 5 FEZFHEILRA AT & TAED H

(2005DKA21103 ).

EE® I XIEF(1983-), 5 TEBEME S AL AR = s e Frse .
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XIS DRt MC4R FER va e K 5 HAE KA SNPs v 45 817

298 bp AT AL G — A (MR 1 Asp — Asn),
FEHTT 2 FAEOIIEPIRE A R R e, ke A%
PIEER 1 (Asp298 ) FERERERRRE 515 IR A |
TS iy AR LA ] 2 (Asn298 )2E—uk,
Ovilo % ™ 3@ 3 PCR-RFLP 43 T #% B9 MC4R 3EH, K
MAESM I B 2 D548 £5(709 bp 4 C— T,1 426
bp 4k G — A),FFA3H 73X 2 ANSAE X A ARG
PERIIEE . AT B fa W6 4 fa A ]
i FITEH 22 A1) MC4R FERIE 2 B vile (R N A1 6
T MC4R FEH 578 5 A4 K MR DI 3BT 1 oA LA
B, AW BT S ARG MC4R JEFZH DNA
¥, i 356 3E SNPs A7 5, #E i 4387 MC4R J£ 15 SNPs
P 5 e B B AR A KRR DN, o R 2
Sy FhRCA B B R E B

1 #R57EE

1.1 ##
111 #H@EE  vLE MC4R ST e 2 % 4k
A BRI =5 B e 2K = R s 525 H e

x1

BB AR MR (120 2 ) B 30 F R R R0 )5
3.

112 FEZERF Taqg DNA REWHAR A IGHIGE
AN A= 4, pMDIS-T vector system I [ 544 1.
FEORIE) HRA A B (E.ZN.A Gel Extraction
Kit) i 7 & b 26 [ OMEGA 7\ #] 7 5 Universal
GenomeWalker Kit 4 F| Clontech 7 wl; DNA $2 Bt it
& A b st RARBALA 7] KB % DHSo A
S ERAT; 51 L T A AR A RA R A
Js M H SRR A A FR S ) 58 A

113 SIEHREMR S AR EC B
MC4R [ cDNA J¥81], 730 mil it 2 25 M5 191 (R1
FIR2) HEATEE A ATk 5" M7 5 i 41 A 2
S WS (FL AT F2) 647 3" BT AR 1S &
JE RS R B AR MC4R FER A FH)%1T 7 %51
YI(P1-P7) HI T MC4R F:H SNPs {7 5 1 i %, 51
Yisg s B TAE R A BR A A & 8, &5 1 E
B 1,

TiEE MCc4R BEESWER

Tab.1 Primers of MC4R gene of tilapia

519 S1FHI(5-3") iR JGRE T,/C FEPIE /bp g
Primer Sequences of primers (5'~3') Annealing temperature  Length of products Purpose
B2 TCTICTGOTATCOCACGLCATAGAAG 7 1542 5 W
P2 TGOITCGCCTATTICTCOTATONTG 7 s 3 WU
Pl f{i CT’EXEﬁTC?TCfé:g Sﬁgfgc 55 853 FATFie M i T SNPs [19318
P2 ﬁi %ﬁéﬁ%ﬁ%gﬁgﬁéig%me 58 258 AT C276T fi 589 Tag 1R
P3 Ei ﬁéiﬁgﬁ%ﬁ%&gﬁ%ﬁ 55 104 FIT CS61T {434 Tag TGV
P4 f{i T&gj&i‘éﬁéggig&%ﬁﬂ c 55 78 FIF CT08T {55 Hing 1Y)
P5 Ei ﬁiﬁéﬁéggfg&fﬁ%m 55 1490 FA T R 51T SNPs [y 14
P6 f{i %E’Sﬁéﬂ%&%ﬁ@&?& 58 208 FAT: ~G1 000C 25 Sy 1S
P7 f{i 1%%2;%‘;%%%@%%%%@2 60 145 AT —T974A {324 Mbo T HiEH)




818 I K R A

Fl6t:

1.2 Ak

121 FIEfaEFEH DNA BIREL RS G
PR R R, I A TR S AT HTEER (ACD ) A B0
B (PLBER 5 MR A ARTR L2078 6 1), R4 RAR
HHR(TIANGEN ) 2.0 RIFE P 41 DNA #2505 &
AR AR BUMIREE P 41 DNA,0.8% RIS HE%E
JEEHELDKAGHI DNA Jot s FIREE , —20 CIRAF

122 FIE MCRERS MERZI0 I MEF
FIEH 1 AR Universal GenomeWalker Kit 3271 £
VLR PEA T30, 55— K PCR JZIV 254 94 °C'F 25 s,
72°CF 3 min, 2 7 MEH, TR 94 CF 25 5,67 C
T 3 min, 3£ 32 N E IR, NE G5 H G 67 CHEfifi 7
min; PLEF— K PCR 7= W) B (55— IR PCR =9
B TOKBARTRL A 1 2 49) RARIEATES K
PCR, W 4554 94 °C'F 25 5,72 °C'F 3 min, 3t 54~
PEER, 42 P94 °CF 255,67 °CF 3 min, 12 26 PMEFR,
PEAEE R T 67 CHEAH 7 min, SR 45 505, BUS uL
55 UK PCR “WIHE 1% B BEMBERE 1 2EA TREDKAS N
SERZHACATEEY 58 3 ZL 50N 57 E 75 1Y) 75 i
FH—2, HUZ PCR S i A B R R 55 AN L
1.2.3 & A PCR-RFLP 3 SNPs {i /5 i3 17 43 &
PCR 7= ¥ 28 1.5% 11 35 BB 58 15 P Dk A 00 ), T FR
Hil e DI BERGE YT, BFU)AZR . PCR ¥ 5 uL, Buffer 1
ulL, fiff 0.5 uL, ddH,0 3.5 uL. BEVIF=4H 10% K%
PR EERCEE R IR (V. 2 V=29 2 1),140 V fif R H
VK 3hJE AR A,

bp
2000

1 000

(a)

1.2.4 7| B CRS-PCR 3t SNPs fi & i 1T 4 Y
01132 B DI 037 #1795 ( Created Restriction Site PCR, CRS-
PCR) S AR5 5 | WL 55 P H AR B S D S il s
R P AAT T o FLIR B - AR PR L %
AR B AUF LT PCR 5149, Hob 1 2851
WIHRAIE S AL i AR PP BB, A | A S IO AL,
A5 14 3 it FER GG 58 A% Y — b 5 8 HUAE PCR
YIS IE 1 ARV AT, AU R UK S BV RT R 7 2
PRI 1Y, DA T B BE 2 42 37 5 AT T PCR-RFLP
3R FRECT It IR S | B AR A
dCAPS Finder2.0 (http: //helix.wustl.edu/dcaps/
dcaps.html ),
125 HiEGIT SoilARDERNEREA R BRI
BT 2 DR R A A R A5 07 B R R R 5 7
AT RS . FH SPSS15.0 GEi T3 AR (%ot kPR
SRR MRAFT N ERE 3BT ( General Linear
Model, GLM ),

2 ZERG5HMH

2.1 FIEEMCIREFEEDNAKITEE

KL 4 1715, FH RL AT APL #E4T MC4R
FER 5 ZE P2 A4 38, F vk A I Ry — s e
1R BIFUH KNG Fr B, 4238 FZ =0 A s, DL R2
FTAP2 (Y 1S, A% — 2% 1 500 bp Z247 19 B
(& 1-a), M 45 54 1 542 bp; FHAHIE R 7 H &
S5 AR A5 20 T 3 3R P81 4B R 315 bp (1A
1-b ),

bp M 2

500
250

(b)

Bl 1 MC4R JEKZH DNA (93 52551
(a): 1,5 genomwalker § 455 :(b) : 2,3’ genomwalker #"H44552 ; M: DL2 000 bp DNA marker.
Fig. 1  Amplification result of MC4R genomic DNA
(a): 1, PCR amplified product of 5" genomwalker;(b ) : 2, PCR amplified product of 3’ genomwalker; M: DL2 000 bp DNA marker.
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22 FIEEMCIREEFT 51T
B 5 Bt MC4R FER %0 B 57 I 37 35 1481 bp, 3’ MF Xk 82 bp, 4ifih XA 984 bp, Hi

J¥ 51 Fl Vector NTI8.0 3k {4 $F #5945 T MC4R 3%

41 DNA JP41, 440 2 547 bp, Hb SIS IX KRy TR 478 bp £ (1 2),

-1481
-1421
-1361
-1301
-1241
-1181
-1121
-1061
-1001
-941
-881
-821
-761
=701
-641
-581

=521
—461
—401
—-341
-281
-221
-161
-101

20
80
140
200
260
320
380
440
500
560
620
680
740
800
860
920
980
1040

SRR IR A T T S bric AR AN 1 S T PR LA PRI, Bl PR AR A [N] 208 SNPs %

The predicted transcription start site is indicated with an arrow. The initiation and termination codons are shown in bold letters.

CTGTAACAGGGTGAGAGGCGGGGTACACCCTGGACAGGTCGCCAGTCTGTCGCAGGGCCA
ACACACAGGGACAGACAACCATTCACACTCACTCGCACATTCACACCTAGTGGCAATTTG
AATTATCCAATTAACCTATCCCCACAAGTTGCATGTCTTTGGACGGTGGGAGGAAGCCGG
AGTACACGCAAACACGGGGAAAACATGCAAACTCCACACAGAAAGACCCCGACCTGATGG
TGGAATTGAACTCAGGACCTTCTTACTGTGCGGCAACAGTGCTAACCACCGTGCCAATGT
GCTGCCCCTAGATTTTATCTTCTCAAAGATATTTAAGGCTGTGTGGGAGTTTGGCAAACC
AGTCTACATTTGTTTTTTGTAGCTGGAGAAGACATGATTCAGGAGTTCAGGGATTCAGGA
GAATGGAGCCATTCTAGCCAGTTCTTGTGAGCTATTCAGTCGATGTATAACCACATGTGC
A@CTTGGTTCATGCGGCCAGCAATAAAGACTCAGCCTTTTTTTGTCAAACATTTTTA
TTTTATTTTTCCAATTTTTTAAAACTTCTTTTATGTTTCGATTTTACATTAGTTTTACTC
TTTAGTTGTGTGTTGTTTATGCTGAGTGTCGGTTCTCGTTGGCTCTTGGACTTTTCGATC
TGTGAAAAGTGCTAGATAAATAAAGATTGCTTGCTTTCCACCTAAAGTTGATAATTCATG
GTGTTTGATGTTTTCATCGTTATATGAAAACCGATGCTGCTGAATTAGATTTCACAGAAA
TGTTTCAACATCCCCTGAGATTCGAAACACTGTGAAAGTCTTCTCATGTGTTGCATTGGG
TCTGATTCATTTTAAATCTACATTCATGCGTCAGCCCAAACTTTGCTCCTCCTCCCACTT
TATCAGCAAGCGGATAGGACAGAAGGCAGCCAGGAGGGTAAGGGGTTGGTGTGTATGTGT

GTGTGTGTTCAATATAACAGGAGCGAGTGAGAGCGAGTGAGACCACAGTAGCTTGCGAAG
TGAAGATCTGCCTGCAGTCGTGCAGCGAGCTGCTGCGCTCTGCCTCTCATGTTCCCGCTC
ACTGTTGATCACTCTCACACACATTTGCTTTTGTAGCTGCTTTCTGCTTCACTTATCTGC
CTTACATCTTCTTACTTTAACTTCTCACTACACTGTTTCCCTCCAGAGTGGAGAGATGAG
AGCAGAGCTGTGGGACTGTGTTTTGTTGAGAACAATAACTGCAGCGAACGTTTGAAGAAA
ATTGCCTCTTGGAACGCCAGAGGGGTGAAAAAGGGAAGAAGGAGCACTGGCTAAGAGTTT
TTTTTTACTCTTTTTTTTTCTTCTTCGGGGGCGCAGAGGTTGCCCTCCAGATAATGAGGA
TGATCCAAAGCCACACACACTGAGACTTTAACGGACAAACTAGCTGGACACTTAACAACG
GAGAAATAACCCAAGGAGAAAGGAATTTAAAAGAAGCCATTATGAATGCCACAGAATACC
ATGGACTGATCCAAGGCTACCACAACAGGAGCCAAACCTCAGGCAATTTGCCATTTAACA
AAGACTTATCAGGAGAGGAAAAAGACTCATCTTCTGGATGTTATGAGCAGCTGCTTATTT
CCACTGAGGTTTTCCTCACTCTGGGCATCATCAGTTTGCTGGAGAACATCCTGGTTGTTG
CTGCTATAATCAAAAACAAGAACCTTCATTCACCTATGTACTTTTTCATCTGTAGCCTTG
CAGTTGCTGACATGCTEGTCAGTGTCTCTAATGCCTCAGAGACTATTGTTATAGCACTCA
TCAATGGAGGCAGCCTGACCATCCCCGTCACACTGATTAAAAGCATGGACAACGTTTTTG
ACTCTATGATCTGTAGCTCTCTGTTGGCATCCATCTGCAGTTTGCTAGCGATCGCCATCG
ACCGCTATATCACCATCTTCTATGCCCTGCGATACCACAACATTGTCACCCTGCGTCGTG
CAATGCTGGTCATCAGCAGCATCTGGACGTGCTGCACCATTTCCGGCATCTTGTTCATCA
TITACTCGGAAAGCACCACTGTACTCATCTGCCTCATCACCATGTTCTTCACCATGCTGG
TGCTCATGGCATCACTCTACGTCCACATGTTCCTGTTGGCTCGCCTGCACATGAAGCGGA
TCGCAGCCCTACCGGGCAACGCTCCCATICAGCAGCGTGCCAACATGAAGGGTGCCATCA
CCCTCACCATTCTCCTTGGGGTATTTGTGGTATGCTGGGCACCCTTTTTCCTCCACCTCA
TCCTTATGATCAGCTGCCCCAGGAACCCCTACTGCACCTGCTTCATGTCACACTTCAACA
TGTACCTCATCCTCATCATGTGCAACTCTGTCATTGACCCCATCATCTATGCTTTTCGCA
GCCAAGAGATGAGAAAAACCTTCAAAGAGATTTTCTGCTGCTCGCATGCTCTGCTGTATG
TGTGAGCTGCCTGTAAAGTGTCCGCTGTGAACCCACAGCCTGCAATTTAAATCAAAACCT
GGCCAACATGGACTCTGAGAGTATGAT

B2 WLt MC4R BT

Fig. 2 Genomic sequences of the tilapia MC4R gene

A microsatellite site is shadowed in light gray. [N| Means sites of SNPs.

AN TR, FOSRR IR ST ATG 5 Y
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2.3 BIEEMCIREESNPSHL S THEFNBHE DT R

5141 ( ProF, ProR ) FI(F2, R2) XBEHLEKE
10 MEA MC4R BEH A 81 FAM 7~ DXk 4T PCR
P14 A3 BIFSEIR/ N 1490 bp F1 853 bp I H-B, 1625
WUFTE o PP T HEXS, FE I T 59~ SNPs v 55,
SRR =GI 000C, ~T974A . C276T . CS61T F1 C708T.

1 23 4 5M bp bp 1 23456M

5514 SNPs s B AL T Sty T AU 5, DR i R
PCR-RFLP J5 il XFF 53 4h 4 4~ SNPs i s % 11
AR FOEE LS 14 P1-F . P2-R ., P3-R Fll P4-F, 73 514 h,
AN BV 5 Mbo 11, Tag 1 . Tag 1H1 Hinf 1,120
AR ZRGY] fE o vk g R anisl 3.

1 23456M bp
—_—

R
=
=

- 123

10

P —— - 4—— ()

13 B4y SNPs {3 5 ik Lk 14
(a)-G1000C Sty LfifFH];(b) ~T974A Mbo 11 fif¥];( ¢ ) CS61T Tag 1 FFY]; M: PBR322 DNA/Mspl Marker.
Fig. 3 PAGE electrophoresis of 5 SNPs sites
(a)SNPs-G1 000C demonstrated by Sty I PRC-RFLP;(b ) SNPs-T974A demonstrated by Mbo 11 CRS-RFLP;( ¢ ) SNPs C561T demonstrated by Tag I CRS-
RFLP; M: PBR322 DNA/Mspl Marker.

24 MCIREREZTEEFEEERKMEKXEKS T

K £, B AE £ MC4R J: R R[] SNPs
P P AEYIRT 0.05, BHA 3 AR 45 5 Hardy-
Weinberg 5 At (£ 2), X} 5 4> SNPs i s A [m] H A
TR T i A5 AR R R T — I A (GLM ) 43
BT, 250 W, 5 1> SNPs {37 5[] 35 PR 78 22 [ 4 ot
EHEZE SR RAE R 9.5% 23.2% 14.4% .18.6%
1 13.5% , A BB B2 KF-(P>0.05), 7RI 3,
5 /1 SNPs {7 ARSI UL B 1, 7 AU AL ( gt
WRNT 3% WALR), R HT 2R IH , 7014 T it A
KX 2 A FEA KPR D5 T, AU AL D4 5 D1, D3,
D6 1E1E b 1 22 5 (P<0.05 ), MU %) D2 5 D3, D6
WAFAE B2 S (P<0.05), TEILFE 4. XU
1 D4 A1 D2 5P HE A KPR UG, NP A
BEKF  NOZTE U PSR EE R AR SRR AR A
PRIRIASA, LU R Fh iR

3 itit
BRI i S AR NIRRT B Az st il IR AIA T
AR ZR AN, 38 5 B T ORI oA B 1 17
SR R, MCAR B A RS
(51 MC4R FERZAs 5 M R g Y A
S AE MR DG R O AT AHSCHRGH, T 7E £ 25 )5 T
MC4R FER G XA T i A AR AE KRR 24
WA WUAHOCHRIE . A ST iE i e e B Al . MC4R K&
PR I HLEA T SNPs i, & 3 T 5 4> SNPs {7 551,
HUR S AT 2 45, 5590 3 AN TEGRISIX., AR 52
PR R MR T EAREESRLN, MC4R L5878
W LA 2T A B i A R
Je Bl T i PR Ty R R 4 DX I, 3 o 5 S R T
A MR SR Sk iR dn ) Fn ik fe iy . &R
KA Bl 143 & A2 5278, U A ] e O (R 3R A 1Y
PR R, TS M AR 2 E AR . AR AE IR 3
FIX A E] Y 2 A4~ SNPs 37 45 0] GE 2 £ MC4R



6l XUARF-45 . BHEf MC4R FEF ke K 5 HA KA OCHY SNPs 7 5 821
R2 MC4R EEBEYSHEHEMSHER
Tab.2 Result of PCR-RFLP MC4R Gene
. . SRR (AMAK0 BRI H-W A YL
11% = ]1\%2'&3& Genotype frequency ( Number ) Gene frequency Hardy-Weinberg Average
oeus umber AA AB BB A B eguiliberum heterozygosity
-G1000C 119 035 (42) 043 (51) 023(26) 057 0.43 2=2.05 (P=0.15) 0.49
-T974A 120 0.55 (66) 043 (51) 0.02(3) 076 0.24 1'=3.46 (P=0.06) 0.36
C276T 119 043 (51) 046 (55) 0.11(13) 066 0.34 1=0.07 (P=0.78) 0.45
C561T 108 039 (42) 049 (53) 0.2 (13)  0.64 0.36 =021 (P=0.64) 0.46
C708T 118 046 (54) 045(53) 008 (11) 068 0.32 7=0.12 (P=0.73) 0.43
£ 3 MC4R EE SNPs (L m ARIEFE SR T T IEfa £ K HERAI KBRS
Tab.3 Association of MC4R gene polymorphisms with growth traits in tilapia x*SE
NP R MR WKsem fem KSem  SKjom JEMKJem o JEE o
S]\?ﬁ'ﬁ‘ (HEA D) Body weight ~ Body length ~ Body depth  Body width  Head length Caudal peduncle - Caudal peduncle
s site Genotype (1) length depth
CC (42) 6921+530 11512028 5.15+0.17 2.18+0.08 3.67+0.08  1.13£0.03 1.70£0.05
—G1000C  CG (51) 64.66+t481 11.05£025 496%0.15 2.10+0.07 3551007  1.08+0.03 1.65+0.04
GG (26)  6321+674 11101036 495+021 2.10£0.10 3.61+0.10  1.13£0.04 1.67+0.06
TT (66) 62224419 109841022 492+0.13 2071006 3.56+0.06  1.09+0.02 1.6310.04
-T974A  TA (51) 70931477 11541025 5.18%0.15 220£007 3661007  1.13£0.03 1.73+0.04
AA (3)  5833%19.65 1096104 4731062 1931028 3472029  1.11£0.11 1.5940.18
CC (51)  7073+472 1143+025 5.14+0.15 2.19£0.07 3.65+0.07  1.14%0.03 1.73+0.04
C276T  CT (55) 6214%459 11.01+£024 492+0.15 2081007 3.54£007  1.08+0.03 1.6310.04
TT (13) 61814945 1127050 5.01£030 211+0.14 3.68+0.14  1.09+0.05 1.63+0.09
CC (42)  6687£1292 11.18%1.85 501£1.17 214%£055 359+052  1.10+0.19 1.68+0.33
C56IT  CT (53)  6351£3877 11.03£196 495%1.14 208050 3.54+052  1.10£0.20 1.64+0.32
TT (13) 753513367 11.77+£1.60 5371094 2294044 3781039  1.12£0.20 1.75+0.28
CC (54) 7021+466 11411025 5.13£0.15 218%007 3.65+£0.07  1.14%0.14 1.72+0.04
C708T  CT (53) 6189470 11.00£025 490+0.15 2.07+0.07 3.53+£0.07  1.08+0.03 1.63+0.04
TT (11)  6441+1032 11394055 5031033 2.16%0.15 3.72+0.15  1.09%0.03 1.68+0.09
R4  MC4R EERREREE (diplotype) 5B % Fikfa & KRB KBS HT
Tab.4 Association study of MC4R gene diplotype with growth traits in tilapia x*8SE
AU SNPs fi7 1 SNPs site IR PR /g K fem
Diplotype  _g1000c ~ -T9744  C€276T  C561T  C€708T  Frequency(n) Body weight Body length
DI CcG TA cC CC cC 20.88% (19) 73.26+7.53" 11.61£0.41"
D2 GG TT cC cC CC 16.48% (15) 55.53+8.47" 10.58+0.46"
D3 GG TT cC CT CC 549% (5) 90.10£14.67" 12.47£0.80°
D4 CG TT CT CT CT 24.18% (22) 51.75+6.99° 10.24£0.38°
D5 cC TA CT CT CT 20.88% (19) 67.71+£7.57™ 11.38£0.41"
D6 CG TA CT CT CT 3.30% (3) 87.331+18.94" 12.17+1.03"
D7 cC TT TT TT TT 8.79% (8) 62.56+11.60™  11.31+0.63"

T [l —FUARRV NG TR 225 3 (P<0.05) .

Note: Values with different superseript letters within a column indicates significant difference at P<0.05.
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BRIk, TR i 27 R fa i A R Motk — S
AR S HriESE T, Ja 3l 1 X801 2 4> SNPs fif
SO B AR AR T i AR S AR R MR AT — o 1R
T HFE " PR/ N T SMHTIESE MC4R JEIH 5 4
FEIX I C — T 2481 BB J P 55 00 4 i A ik
Z AR B ME(P<0.05 ), HITH 5 MC4R H
P 25 R TT TR AR A HL i 8l X s i
FE AR5 S AR IR Bl AE VR FHAILEE 1 R 48
EHRFRANIS

MC4R FEH Gt XA 3 4~ SNPs 137 45, 2 )& T[]
MBRAE, [A] LRAR BARA MU IR 1) Y5 A0
A BB T I A BT A B T A 25 AA R R A P s
il mRNA F=AANF TS 7 20, S mRNA G
R 3B i S B R A AR, B T EUE T R AR
16", MR G MC4R FER 51X L
3 ANGAR TP E R RIS AL S A KRR 740 HT
SERLL] MC4R FEH [R) AR B 42 fy A I o
R A5 7 A 500

R —Fh ST M R BN 0 % 48 7
25, AR AT A AE A O s A B BRI RN B RS 1 55
fri) 851 "7, B4 8 ( Haplotype ) 4387512 14 Y BRAR 4
fifep T IS, SR — AN LR AEEZ 4 SNPs
1L AR Z BT 4 e — 7 A5, T SRR _E X AN
SNPs {37 S A TEARBIFSE , B33 SR [R] SNPs {7 544
GRS TR TR ) T R IR DR 5 5 B AR R R A A G
. Oscarson &¢ lis! B 25 Qi CYP2D6 R i
3 AN GRAENT R DY RETS PR I HEA T T RIS, 25 SRR
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Cloning of MC4R gene and study on the association between SNPs of MC4R
and growth trait in tilapia (Oreochromis niloticus)

LIU Fu-ping"?, BAI Jun-jie', YE Xing', LI Sheng-jie', LI Xiao-hui', YU Ling-yun'

(1. Key Lab of Tropical and Subtropical Fish Breeding & Cultivation, Pearl River Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Guangzhou 510380, China; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China )

Abstract: Melanocortin receptor-4 (MC4R ) is one of members of the family of melanocortin receptors ( MCR ) and
belongs to the family of seven transmembrane G-protein coupled receptors. It can affect food intake, body weight and
energy homeostasis. In this research, the genomic sequence of Tilapia MC4R is amplified from DNA isolated by using
GenomeWalker technique. The sequence analysis results showed that the full-lengh of MC4R gene is 2 547 bp with an
open reading frame ( ORF ) of 984 bp. Five SNPs sites in promoter and exon were identified from MC4R gene by using
sequencing (-G1 000C, -T974A, C276T, C561T and C708T ). The polymorphisms were genotyped by PCR-RFLP
and CRS-PCR. A general linear model was used to statistically analyze associations of MC4R gene polymorphisms
with growth traits. The most difference of mean body weight among 5 different genotype were 9.5%,23.2%,14.4%,
18.6% and 13.5%, but the difference was not significantly different ( 2>0.05 ). Seven diplotype, with the minor allelic
frequencies of above 3%, were constructed based on five SNPs in the experiment population. Association analysis
indicated that there was significant association between diplotype and body weight and body length ( P<0.05). By
multiple comparisons, we found that the mean of body weight or body length for diplotype D4 showed significant
association with D1, D3 and D6, D2 also showed significant association with D3 and D6 ( P<0.05). MC4R gene could
be a candidate modifier gene for tilapia growth traits which would be useful for tilapia molecular breeding. [Journal of
Fishery Sciences of China,2009,16 (6 ) : 816-823]
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