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W E. BEFEHEZE 1 Z{K(melanocortin 1 receptor, MCIR) &Y B AR
B RGERE PR REERZ — MY A EMERAEREY W, BILEH
(Cyprinus carpio var. color) B 5 FhEEAKERR (“£47 “HE".“K
7RI MRRIE”) ,H G 3 M A R ARSI, RIS R G
RE YK RIFMRZ —, TakE TERILE#M MCIR BH FF##1T T4
47 R CRME” ORIE”4 R GRRIXER ST, BRI, BT
A MCIR 2R R4 K cDNA F3 5 1 914 bp, 3% 637 bp 5'-UTR( k5%
I[X) 311 bp 3'-UTR }% 966 bp ORF (FFRLBEHE) o %A b — BT
G5 (321 MEIERR) , B T NS, BR8-S 6 4 D X A% H IR
[FIVR IR 98% , 5 5ETh 13K 93% 5 A [F) ¢ 2 [B] By B X R AP AE — M H R
TR (C/G) , A AR TS 5E 24 R, qRT-PCR KB, MCIR FF1E
IR R B TR ULPY B RE B O PSR (P <0.05);
{B7E 4 R GBRIAFERENREER(P>0.05), BIREREZY FIL
R E KRR ) BETERA R W MCIR FF B E , EA FFR HBE &

HE=m: NERERS
RE B ol F R LT
%" YE B MCIR % [H #
17 T 5Lk ¥ 5l 4 7 FIBR
IREEAENERLER
S0, HEBR T MCIR X
SRR AN E
B, hvaRiEar
FSHEXEEHRRET A
2 Bk

KR ILUM; B
f; MCIR; RIAER,
HHE

hEHEE: S917

AR R R B TR

HMEKFEZE 1 %K (melanocortin 1 receptor,
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BRI T E] () RIBZE T
1 MRSk

1.1 REHH

SCYFH #8 h Wi T e SR AR R TLR B R A
MR AR i 1 57 (Al 905 - GS01-002-
2011) — e, (R E 2 50 g, HU“&L” " K
B R E” R4 ik G, BR ARG
B3 R, BRARERK AR, 68,5,
B30 JITSF 8 AL, Horp X KAE” LTI R B
TR ABEHR B BHE” 1 BRI R BB
RETTRAE, Ut — 2 T i R BEHIBRAE 2 57
RS R EE TR G, T - 80 C Uk RAFTF
Mo
1.2 RNA 2E5 MCIR EFE=E

Xt ERFEA A, B A RNAiso Plus $2 BUK
ME(EEYTRKGEFRAF) #1758 RNA £
B, Bl e kR U R B RNA SERE PR R
JH 0D,/ OD . fEAG I RNA ZHJE

HRYE NCBI Bt I (AY161847) Kk 4 £
(AB618067) i) MCIR ¥ 3, it5 ¥ (£ 1) #47
BRVL% 8 MCIR % [H ¥4 i Bt Fl 5 RACE, 3’
RACE ¥,

3'-RACE f# g 3’-Full RACE Core Set Ver.
2.0 & (EEM TEREARRAF) #17, 2
M58 94 °C 3 ming 94 °C 30 s, 57 C 30 5,72
°C 1 min, 3t 35 MEF ;72 C 10 min,

5'-RACE ff F§ Mg B Clontech 2 & H
SMARTER™ RACE cDNA ¥~ 3¢ ik 5] & M
advantage® 2 PCR X7 & 1T, R 54K 94 C
3 min;94 °C 30 5,68 °C 30 5,72 °C 3 min, 3£ 36 4>
ZETN

P3G 7= 4 F 2% B e b B e v vk kT,
TIANgel Midi Ziif6if0] & (KRR AP AL A
MR &) il | B R B, dif 7 90 & A
PMDI9-T #i 44k, 4k, TOP10 332 25 4Hi il , Pk B FH
PEFERER A TAY TR (L) ROA RA RN
FFo

*1 RUIEE MCIR ERYBSRIESHETASIY

Tab.1 Primers for MCIR gene cloning and tissue expression analysis in Oujiang color common carp

514 514 55I(5'3") b
MCI1R1F GAAGGAAAAGAACATCTAACAGAC B
MCIRIR GCTATTTGCTAAGAATGCGAC
MC1R3’-Outer GTGTTCACGGCGGTTCTGTA 3'RACE
MC1R3’-Inner TCCTCACCTGTCCCACCAAT
MC1R5’-Outer CAGATGACGAAAACCCCGAGCAGGA S'RACE
MC1R5’-Inner CGCCGAGCGTTGCGTTCAAAGTTATGTT
Dm1F AGGAATCTCCACTCGCCAA

qRT-PCR
DmlR GCCCGTGCTCCGTCAATAA
B-actinF TGCTATGTGGCTCTTGACTT .
. B-actin qRT-PCR
B-actinR CTGGGCACCTGAACCTCT
1.3 IS o

{ii F§ NCBI Blast( http:// blast. ncbi. nlm. nih.
gov/Blast. cgi) #17 MCIR JH M RIEFFIHE R ;
H H BRI R A8 Blastx #2/7 (hitp://blast.
ncbi. nlm. nih. gov/); ffi F§ ORF Finder 2 %
(http://www. ncbi. nlm. nih. gov/gorf/gorf. html)
I FF I EEHE I 4 R BRI 51 5 f FHAE R K
{4 Clustal 2 (http://www. ebi. ac. uk/Tools/msa/
Clustal 2) #17 & % R ¥ 51 Lk XF; F§ TMHMM
Server v. 2.0 (http://www. cbs. dtu. dk/services/
MAGE 5.0 8" My gAR b iy NI R GEatk AL

1.4 RiEHH

TR JR] AR IR 70T K KAE” 43 LA 3R B N
FhRAY, 5247 R KB E” 3R E IR #
FTEm 92t € & PCR (qRT-PCR) # . KK E
R 5% % DMIF F1 DMIR, N &5 %) H B-
actinF I B-actinR, qRT-PCR [ i %514k 95 C
30 s; 95 C 55,60 °C 30 s,3L 40 MEFF, KEfEah
LKIREH 60 ~ 95 C, BIMHAREINER,
23 % B 1 ] RNase free ddH, 0 fRE#i4R

HLRE BRI FEAT R ILP (IR A
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R % % # 2%

BB VR L TSR 8 AU L Ot E &
PCR K, J7 35 L«

qRT-PCR ¥ 4% 40 #7 R 2" &, A
SPSS 17.0( SPSS Inc. , Chicago, USA) %47 #r
AR EB R R 24 E] MCIR A XS 3Rk
BHZEREBEE.

2 R

2.1 MCIR EEFF5I5H
A SLEG BT A RTL R BE MCIR $£[H cDNA 2K

1914 bp  HA IR B SEAE N 966 bp (45 321
MNEFEER ) ,5'-UTR & 637 bp,3’-UTR i 311 bp
(B 1), BAEHES YRR R {E S AATAAA
Ml Poly(A) BE o @i 7EL 74T A& IR VLR B 1)
MCIR ZERMEE WA 7 B REEE I (E 2),
SHAUGE Y MARR o B RIEAR R R
[B]iZ# K ff) DNA 751 22 5%, J B A 76 TF i 1 352
HESF 783 bp AR T — IR (C/G) , ik
Gl HEERF I 2,

1 acgcgggggggctgactcecgctaccactggatgacaggaaagagggagagacagagggaaa
61 agagatgatcatcctcatcattgegcectcagaggagacgacagggaatcattaaaaggege

121 tectatgattattattattattattattaatttgtcacegetgecttecctgaggaccac

181 cttgcgtttttgttctecectetgtetegecatatctttagtaataggectactacactggtyg

241 agttttaaatctcgaaaacgcaattgcgatataatctaaataattacagaaaacttttat

301 gtctettaatggteggaacaataatttgattttgacaaggaagecatcaaatatcaagte

361 tgaggcggtgccctgtaaagagegcaagtttgeggacttatactgtgetgtatgetgeag
421 taatattaaaaggtaaaactgcttgtgttcgtttcttatagectgtattegtttegttcat
481 aatctctaatattaaaaatataacattttggagaattgctagaattgatcatgatgactg

541 gaacggtctctgttttaatgtcaaaggtgggctgaaggaaaagaacatccaacagactga
601 aaataacttaatgagaacggacactgactgaaggagcATGAACGACTCGTCGCGCCATTA

M N D S S R H Y

661 CTTCAGCATGAAACACATGGACTACATATATAATATTGACAATAACATAACTTTGAACGC

9 F S M K H M D ¥

Y N I D NNTITUL N A

721 AACGCTCGGCGAAATGAATGCCACAGGGAT CGCCCAAATCATGATCCCTCAGGAATTGT
29 T L G EMNA ATG I A Q I M I P Q E L F
781 TCTAATGC TAGGC TTGATCAGTTTGGTGGAAAACATCTTGGTGGTGGCGGCCATCATCAA

49 L ML 6L I $L VENTITLVVAATITIK
841 GAACAGGAATCTCCACTCGCCAATGTATTATTTCATCTGCTGTCTGGCGGTGTCAGACAT
69 N R NLEHEKSPMYZ YT FTIUC CC CTLA AV STDM
901 GCTGGTGAGCGTCAGTAATGTGGTGGAGACACTCTTCATGT TATTGACGGAGCACGGGCT
89 L VsSV SNV VVETTLTFEFMLTULTTETHGL
9%61 GCTGCTTGTCACGGCARAGATGTTACAGCACTTAGACAATGTGATCGACATTATGATATG
109 L L vV T A KML Q HLDNUV IDTIMMTIC

1021 CAGCTCTGTCGTTTCCTCTTTGTCGTTCCTGTGCACTATTGCGGCGGACCGCTATATCAC

129 $ S VvvssLSTFTLT G CTTIA AA ADT RTYTIT
1081 CATCTTTTACGCGCTTCGGTACCATAGCAT CATGACCACACAACGCGCCGTGGCCATCAT
149 I F YALT®RTYHSTIMTTGQTRA AVYVATITI
1141 CGCGGTGGTGTGGCTCACCAGCATCACCTC GAGCTC TTTATTTATCGTTTATCACACT GA
169 AV VWL T S T S S S L F I V Y H T D
1201 CAACGCAGTCATCGCCTGTCTCGTCACGTT TTTTGGCTTGACGTTGGTGTTCACGGCGGT
189 N AV IACTLTYTTFT FGTILTTLVFTAV
1261 TCTGTACCTGCACATGTTCATCCTGGCGCACGTCCACTCCAGACGCATCATGGCTCTCCA
209 L Y L HM F I L A HV HSRU RTIMATLH
1321 TAAGAGTCGCCGGCAAGCCACTAGCATGAAGGGAGCCATTACTCTGACCATCCTGCTCGG
229 K S R R Q AT S MK GATITTULTTITLTL G
1381 GGTTTTCGTCATCTGCTGGGGGCCGTTTTT TCTCCACCTGATCCTCATCCTCACCTGTCC
249 V FVICWOGEPTFTFTULTHTELTITZLTITLT C P
1441 CACCAATCCTTACTGCAAGTGTTATTTCAGTCATTTCARCCTGTTTC TAATTC TTATCAT
269 T NP Y C KCYF S HTFNTLTFTLTITLTII
1501 ATGCAACTCGCTTATAGACCCTCTCATTTACGCGTATCGCAGTCAGGAGTTGC GCAAGAC
289 C N s L I D PL Y A Y RS Q E L R K T
1561 GCTAAAAGAAATGATTTTTTGCTCGTGGTTCTTTGCAATATGAgtaattccttctagagy
309 L K EM I F C W F F A I *

1621 aagtaattccttcaggagcatctgegatgatgttaatgttattgtectatattattcagt
1681 ctcattcttgcaaatagcgtcctttatgactctctctacaactttacagaaaatacactc
1741 agatacctgctgaccgagagaacttttagacgcaaaactctttgactgatttttctatga
1801 aataaataacaatttgaaccatttgatttttgatttacataaattatgettgatgggata
1861 aataatgtggctcagcatatgacatgtataagtccctgtagttaaaaaaaaaaa

1 KiLFE MCIR EEH) cDNA FF 5 RN SEEFF 51

Fig.1 cDNA and putative amino acid sequences of MCI/R gene in Oujiang color common carp
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Fig.2 The predicted transmembranes domain of MCIR

gene in Oujiang color common carp

2.2 ERLLBESRGHALD T

[R5 RGE A R, B TR 6
MCIR R 5% ( Carassius auratus) )9S X% H
FRIRIVR ik 98% , 53 By 1 ( Danio rerio ) ¥ [F]
Bl 9B%, 5 % 75 5 W Ag # (Astyanax
mexicanus ) ff [F] Y5 M Ky 83% , BAITER — % (&l
3); Hp M2, &t 2 8 ( Veraspper moseri) | 7
@} ( Paralichthys olivaceus) . X & #F ( Scophthalmus
maximus ) | 3 B AR B8 & ( Nothobranchius furzeri) (1
Bt 8| B 1 ( Xiphophorus macullatus ) | fL 4 £
(Poecilia reticulata) . 5 £ ( Dicentrarchus labrax) .
WL 5% ( Oncorhynchus mykiss ) SE 50 73— K3 ; M5
N (Homo sapiens) F1/]N B ( Mus musculus ) ) [7] J§
PR (B 3) .

Veraspper moseri
Paralichthys olivaceus
Scophthalmus maximus
Nothobranchius furzeri
Xiphophorus macullatus
100/ 100 Poecilia reticulata
Dicentrarchus labrax
Takifugu rubripes
Oncorhynchus mykiss

Astyanax mexicanus
W'_Eanio rerio
99 Cyprinus carpio var. color
100t Carassius auratus

40

{ Homo sapiens
100 Mus musculus
—
0.05

E3 #HowmFh MCIR EEE RS % AR
Fig.3 Phylogenetic tree of MCIR gene in the
partially studied species

2.4 REERHSW

MCIR FEFTERL VLR A [F) A €0 ] i 38 22
FANE 4 P R E” BRI R
EiE, RO BMIE” BRE . RIE” RER K.
“RLITLIRE MR R B, T RAET LR

FIFEXT R IR ERK, (AAHE MR EEZRIAE
#(P>0.05),

2.0

X RIS R

e
o

0
KICA KAE® 240
RE Fp RK

MIEE BHIER B
KB EE KK
B4 MCIR BERERVIEEARGEEHREER
Fig.4 Expression profiles of MCIR gene in skin
tissues from different color patterns of Oujiang
color common carp

A4 MCIR B R BZ R I 5o
RBRIEHI BB R, BE R THMHEL(P <
0.05) , SR IR ALY R Z , 8 B VBR 0 PR
HAEXT B RIR/DN, S0 3 FARAMER T, B
IREESN, B 7 R A B R 2 R A B 3E
(P>0.05),

80.0

HA &Ik
s 8

)
o
=

Ok W R kB B o 0T

B 5 MCIRBEEENIHERRHEABNREIESR
Fig.5 Expression profiles of MCIR gene in different

tissues of Oujiang color common carp

3 Wi

MCIR SR TEHIL L E R F W BT RALA
E 4if5" ™ KB — R 310 SR Hm, A2
B2 317 ANE IR, W N 314 MR, SALM
UGB R T B JE . MCIR [ 95 325
ANEHRR, SELZ % LB S| B 1 MCIR 3
R 323 NE AR, ALK ZIILEE MCIR
FEH gAY 321 MEER, SHTR S RAHIE, RH
MCIR BRI NPRSF . MCIR F [ 1) 5 & T 51
ZRUEMRCEREZIE , HiREE K REE
SWFRE LG R . WIS MCIR 3R
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FEAEBEMEKBRAME RS, SEKER
VURETIME . (R RSB R EIER R
R R B R R B AMR R Ak D R B
BRJE B #A MCIR & [ %%, X 5 BOHM
S HRE RN MCIR (k8 —B. TEARF
8, MCIR FRAEHE AR MBS Q3 A &
( Xiphophorus maculatus ) 7% AR 88 | Bz Bk A1 5230
TR SRk, TE L FITE A D B R 3K BE
Ty f ( Danio rerio) T2 fifi | HR | Bz ik 71 52 L rp A R
3K, T 7 88 B JE UL A 0 B0 S B SR Ok R B
( Oryzias latipes ) FEFTA BUR AL A ik o
FRRILLEEZR J7 6 ) RAE M Fh A s k™ o A
S MCIR PR 1 B VLR 88 i IR L R ik UL
HERERE B OVF T EFHSAROE
Fik, GHAb WA 25, Bz EER
[l i L HRIR AR R = e
FYPEEENREEZFFTERARAR
HIFPER A A FE . REREEEREG
Z (Eumelanin, 337 4 B AR ERE) FiiE 8
6 % (Pheomelanin, 11 57 /= £ 3 & M4 4 K
7)o PR E R BRI X2 AR
FIETE . MCIR J IR 2 ) XU RE 428 1l 2 14,
EH a2 B EERE (o-MSH) ¥, HEmY
N Agouti FHEH, —FIFIEHSHHIAIYEE
AR5 . o-MSH 5 ACTH ({2 & bR B B R)
J& MCIR B, HEMNSREARMME LK
MCIR 8585 , = W0E i LR R IRIMUBE R 48,
FEHE cAMP , TS s R PRI B R B A, 3L
RPN A EBEERY . Y Agouti B HFEE
i}, H 5 «-MSH B ACTH 344454 MCIR,[H
1EBE cAMP, EURG R 15 R PCUI T, 0 LA &
BRNRET YRR RS , T SE BT
YR EREE, MEARLR S, ML AR
R efE] MCIR B R F 5 58 2 AH R, £
MCIR ZER 4t i) 3 E A R AR BUR, W R BER
PR, RIKAHr R, MCIR 2N B TE
AREGRIAFEREREZES, (B1EH @K
(B EMBEEREE D) FRORBBHH TH
B R, X LIRS NS BT MCIR %
PR 4 TR 2R B B P AR 2 R ) — 1,
TR A T B R R A (A R PR
FRRMRMRE R IR ) o MO, Agoui K M 77
TERTEFES & MCIR, L BB AR KBS Ro
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Cloning and expression analysis of color-related regulation factor MCIR in
Oujiang color common carp

HU Jian-zun', LI Kang-le', XIANG Song-ping”, WANG Jian®>, ZHU Li-yan', WANG Cheng-hui'
(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China; 2. Provincial Farm of Oujiang Color Common Carp, Longquan 323700, Zhejiang,China)

Abstract: Melanocortin 1 receptor (MCIR) , one of the key genes in animal melanin synthesis pathway,
plays an important role in determining animal body color and coat color. Oujiang color common carp
( Cyprinus carpio var. color) , characterized as five kinds of body color patterns with black patches (e. g.
“whole red”, “whole red with big black patch”, ” whole red with scattered black spots” ,“whole white” and
“whole white with big black patch”), has been considered as a good material or model in studying animal
melanin synthesis mechanism. In this paper, MCIR gene was cloned and sequenced, and its expression
profile in the four body color patterns ( “whole red”, “whole red with big black patch” , “whole white” and
“whole white with big black patch” ) and tissues were also analyzed in Oujiang color common carp. The result
showed that the full-length cDNA of MCIR was 1 914 bp, containing a 5’un-translated region (UTR) of 637
bp, a3’-UTR of 311 bp and an open reading frame ( ORF) of 966 bp. This gene has only one exon encoding
321 amino acids and predicting 7 transmembrane domains. There were 98% nucleotide similarity with
Carassius auratus and 93% similarity with Danio rerio. However, Only one nucleotide nonsense mutation ( C/
G) in the coding region was found among different color patterns, indicating the same amino acid sequence
among them. The result of qRT-PCR indicated that the expression of MCIR in eyes was significantly higher
(P <0.05) than that in skin, muscles, gills, kidney, bladder, heart and liver. It was surprising that there
was no significant expression difference among the different color patterns (P >0.05). This finding showed
that MCIR gene is not a determinant factor in controlling color patterns of Oujiang color common carp,and it
is necessary to conduct further studies in other color-related genes or factors.

Key words: Cyprinus carpio var. color; body color with black patch; MCIR gene ; expression difference;

correlation
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