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(2011) MC4R RNAiso PrimeScript™ RT reagent Kit with gDNA
R , Eraser (Perfect Real Time) SYBR® Premix Ex Taq™
IT (T1li RNaseH Plus), ROX plus TaKaRa
, MC4R 1.3
(Schizothorax prenati, Wei et al, 2013), (C. MC4R CDs
auratus var., Cerda-Reverter et al, 2003), (MC4R1F, MC4RI1R, MC4R2F  MC4R2R) 3’
(Oncorhynchus mykiss, Haitina et al, 2004) (MC4R3F MC4R3R),
(Snakeskin gourami, Jangprai et al, 2011) MC4R s
, MC4R4 MC4R5 MC4R6 Real-time PCR
(single nucleotide polymorphisms, (Y] 25mg , DNA
SNPs) DNA
DNA (Lander, 1996) SNPs DNA , ) )
, 1000bp SNPs (Zhao
et al, 2003) SNP mRNA Seqman
’ *1 HATHBHE MCIR ERIE. RKiL&5HHH SNPs 5
, (Carroll et al, A OEIE
2005) MC4R SNPs Tab.l Primers used f(.>r cloning and expression analysis of
MCA4R in C. auratus sogu var.
’ > (5'—>3")
(Oreochromis niloticus) i MC4R1F ATGAACACCTCACATCATCATG
(Takifugu rubripes) MC4R  SNPs ( MC4RIR TGGTGAAGAACATGCTGATAAG
, 2009; ,2012) MCA4R2F CTACATCACAATCTTCTACGCT
(C. auratus sogu var.) MC4R2R CTATACACACAGAGAGGTCAAT
s S MC4R3F ATGTGCAACTCGGTCATAGACC
( ,2016) , MC4R3R GGGATAAATGAGAGTTTATTGGAGG
1.6 MC4R4 GGGTCATGATGTTGTGGTAGCG
MC4R5S GAAGATCGTGATGTAGCGGTCC
’ MC4R6 CAAATGGAGGCCAACAGTGAGC
’ 1986) ’ ’ ’ ( QMC4RF AGCTGTAGCAGACTTGTTGGTC
QMC4RR TGTTCTTGATGATGCTCTCGCG
MCAR B-actinF CAGCCATCCTTCCTAGGTATG
’ > ’ B-actinR TCTGCATACGGTCAGCAATGC
SNPs,
1.4 MC4R
MC4R DNAstar 7.1
1 Seqman , MC4R
1.1 , NCBI KX988002
14 (106+8.7)g, ExPASy-ProtParam tool
) MC4R TMHMM
Server v. 2.0 MC4R
1.2 Mega 5.0 MC4R MCR
Ezup DNA ( 2 , NJ
SanPrep DNA ( ) , Bootstrap 1000
; Taq RNA keeper Vazyme 1.5 MC4R
Biotech PMDI19-T DH5a 3 9
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RNA keeper 1.6 SNPs
, trizol RNA, 2% > )
RNA PrimeScript'™ RT reagent Kit 5 5 ,
with gDNA Eraser (Perfect Real Time) SNPs ) )
PCR ABI7000,  DNA 10 DNA
SYBR® Premix Ex Taq™ II (Tli RNaseH Plus) ; MCA4RIF MC4RIR MC4R2F  MC4R2R
Real-time PCR 9 CDs
mRNA , > >
PCR ’ Chromas 2.33 , SNPs
SNPs
B-actin ( 1), 2
QMC4RF QMC4RR MC4R
oMt 2.1 MC4R
MC4R CDs 3
1 , >
*x2 ATHERKAERA MC4R LLE MCRs §ER MC4R 2854bp,
Tab.2 GenBank accession miigrs of MC4R and MCRs used ’ 981bp, 326 ’
in this study MC4R 2 MC4R
36531.58, 8.45
C. auratus sogu var. KX988002 MC4R (Leu) (12.6%),
C. auratus CADS58853.1 MC4R (Trp), 1.5%,
Cyprinus carpio CBX89936.1 MC4R 1.8%—10.7% 35.65,
Danio rerio NP_775385.1 MC4R
S. prenanti AGF80338.1 MC4R '
(GRAVY) -0.713,
Gasterosteus aculeatus ALF99996.1 MC4R
#1 Dasyatis akajei BAU98233.1 MC4R
i Aphyosemion striatum SBP15058.1 MC4R
% Nothobranchius rachovii SBR74851. 1 MC4R bp
Xiphophorus maculatus AHCO02878.1 MC4R 2000
Channa argus AMMO02541.1 MC4R :}888
Scatophagus argus A0Q25859.1 MC4R 500
Paralichthys olivaceus ADP09415.1 MC4R 250
Dicentrarchus labrax CBN&82190.1 MC4R 100
Xenopus tropicalis XP_004915370.1 MC4R
Gallus gallus NP_001026685.1 MC4R
Anser anser ABF19809.1 MC4R ! MC4R
Fig.1 PCR result of MSTN of C. auratus sogu var.
Columba livia ACC60975.1 MC4R - 1—3 1 PCR ,M  DL2000 DNA Marker
Mus musculus NP_058673.2 MC4R
Homo sapiens NP_005903.2 MC4R 2.2 MC4R
Bos Taurus NP_776535.1 MC4R MC4R
Ovis aries AFJ95892.1 MC4R TMHMM Server v. 2.0 ) ,
C. auratus CAE11349.1 MC5R , G
D. rerio AAI62747.1 MC3R N- , C-
D. rerio AAQO24742.1 MCIR 45—67,79—101, 121—143,
D. rerio AAQO24743.1 MC2R

163—185, 195—217, 243—265  280—302( 2)
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1 tegatggtaaatticttanggettgetgaactacact L lat L laacascalagangalgatalaggangglatagac geoe tacaganac
91 Ei(‘.lllHélHlélillEﬁlvilkllélll:li1ll(‘élﬂklllllléll[-{(‘élllCCll-!kllHlHl[&Iklat‘l[{llklkliﬁ(‘klklllHl(‘C&llCl[lEﬁlHkl
TATA-box
181 gleaatcactgaategittatittacagatitgtacaat ticitgaatatettcagatttatteagaatclgagt gaat cacggaatcat
271 taatataacattccttcaaaacactgattcaticagaaattaaacaagtgatigecacagigaatcactgaatcatttatatatgattaa
361 Mtt‘alactmcaagaltcacaclcagtgttlgttct‘tmatnlcltgat1ttatlaacatgacaccaaaatgttltanﬂlttat
TATA box
451 geettaaatgetttacactetitacacagattitatctattigt taaaaacagaggeaal ccatacactgacgtectgetgatat
CAAT box
541 ttgeatacaticaccatiaaaactoctectolgattiggtitaagagagetggeegageagectiggeeteageatgecactoagigetigtga
631 glatticactegeclgeclgecaaglgetggacacacltelggagact gaglgaatgetgeatgtttetgittgeact teascagt ti Lga
721 aacagagttigtgtiticagattcagtcagtitgecgetgtetettatectetgatecteattetgeatgettettttttttigtgggtat
811 gepgttitgtgtaggaggetettgeagaccat tgecggatgitatcactgaggt gaggtgacggat ggteatacageacctgettictttg
901 alccctatga' tgticaatitgaatttateagactgaagtagatagagatcanageact gactacggatat teagagaaATGAA
1 E-box MoON
991 CACCTCACATCACCATGGACTGCATCATTCATACCGAAATCACAGCCAGGGGGC T TTGCCAGTCOGAAAGCCTGATCAAGG TGAGAGAGE
3 T S HHHGLHHSYRNHSQGALPVGKEKPDQGEHRGE
1081 ATCAACCTCTGGATGTTACGAGC AGCT@.’TG\TCT‘CC ACAGAGGTCTTCCTCACACTCGGGCTCGTCAGTCTCCTGEAGAACATTTTAGT
33 ST s 6Oy EQLLIDISTEVYFLTLGLVYSLLENTITLV
1171 G.'\TTGCTGCT.»\TTE[’CMGMCAAGA:’.CCTTCATTCTC CCATGTACT TCTTTATCTGCAGT TTAGCTGTAGCAGACT TG TTGGTCAGTGT
63 I AAT T HKNEKENLHSPAWY FFICSLAVADLTLVYSYVY
1261 CTCAATGCCTCCGAAACGOTAGTGATGOCACTCATCACGOGGGGCAACCT AACT TATCGCGAGAGCATCATCAAGAACATGGACAACAT
93 S NASETVVYMALITITGGNLTYRESTITITITHKENMDNTI
1351 TTTTGACTCOATGATCTOCAGCTCACTGTTGGCCTCCATTTCGAGT TTETTCOCCATAGCGGTGGACCCCTACATC r\C@\TCTTC TACGC
123 FDSMICSSLLASTIW®SLLATIAVDERYTTTIFYA
1441 CTTGCGET, ACCACA.I\CATCATGA@MCGG(‘GGGC GOGCACCATCATCACCTCCATCTGCACCTTCTGCACGETCTCTGGCGTGCTCTT
153 LRYHNTMTQRRAGTTITITCTIWTEFCTVSGVYLF
1531 TATCOTGTACT COGAGAGCACCACTGTTCTCATCTGCCT TATCAGTATGTTCTTCACCATGCTGGCACT TATGGCCTCGCTCTGCGTCCA
183 I vVYysesTTvyv L1 oLISMFFTMLALMASTLTCVH
1621 CATGTTTCTTCTAGCCCGACTGCACATEAAGCCCATTGCTGCTCTCCCTGGCAATGGRCCCTATCTGGCAGGCGGCAMTATGAAAGGGGT
213 MFLLARLHBMETERTITAMALPGNGPIWgAALNMNET® GA
1711 CATCACCATCACTATCCTGCTAGETGTATTCCTTGTGTGCTCGGCTCCCTTTTTCTTGCACCTCATCCTCATCATTTCCTETCC, .\@-(}M
243 I TITILLGVYFVYVCWAPFFLHLTILMISTCPRN
1801 CCCTTATTGCATCTGCTTCATGTCCCACTTCAACATGTACCTGATCCTCATCATG TGCAACTCGGTCATAGACCCTCTCATCTATGCCTT
273 Py 1 ¢ FMS HFNMKYLILIMCNSYIDPLTIYATF
1891 CAGGAGCCANGAGATCAGAAAGACCTTCAAGGAGATCTGCTGCTGCTGOTATGGACTGGCGTCTCTGTETATATAAge L tgt L tetgt Lt
303 S QEMBETFREKETILICCCWY GLASL OV #®
1981 gacgtcaaagtactgtitgggagatagatgtigactigeigratgatgetgagaatgtgggagatctaattacactgeacagettattat
2071 tattetgeacacatttatttgatgtocagaganatgtgatactatgeatglgetgaccat gaaanaaanat getaat gt taat gactcaa
2161 gtattaatttetiteaticactgacatgetetitttggigittatatatatatatacacatat gatgtanaacacacacacaagtiotcat
2251 tecttttatelgetanatangeanacanaaagicasagl gecaatat ttaaaggeat tanatgacatanaal glataggactglgtgtgt
2341 tgtgatccagttactcaggeacatgeacaatatttggttactgtgattatgttetetcageaggt tgetact teagatatccagetogag
2431 aactgatgeagettaattaatgtgtitecatacatatatatttattttittgtatttigtaagt taagataattitgtgtaact titttaa
2521 tgeeateteat tgtgeaantaaaacaacat caaaaccageaagiatgecteatatattttettgigeaat tggtaaaat gatancagatt
2611 tgatagtgtttgatggttittgetttigetettggatittatttcattitecccttoct ticeaget tecaanatcatgeagt teaaacagtan
2701 atatctatataatctaglagaagatigectgtaagetoltaaagactat tlagetttttttitittttegaaggteateatat Lgegety
2791 aacagactctecatctgatacaactacaaaaggaaggatttetgteagtttgeaccteccaat
2 MC4R
Fig.2 MCA4R nucleotide sequence and predicted amino acid sequence of C. auratus sogu var.
SNPs,
2.3 MC4R 79.7%, 1) 75.3%,
GenBank MC4R 71.2%—68.9% MCRs ,
MCRs , , MC4R MC5R , 68.4%
MC4R 99.3%, R MC3R 60.5%,
98.6%, MCIR 42.5%, MC2R
97.9%—97.5%, MC4R 25.7% , MC4R

83.4%— , MCRs
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61 788r Dicentrarchus labrax (CBN82190.1)
46| 24T Paralichthys olivaceus (ADP09415.1)
54 FikE Scatophagus argus (AOQ25859.1)
28 568 Channa argus (AMM02541.1)
S & Xiphophorus maculatus (AHC02878.1)
100 HIERAREE Nothobranchius rachovii (SBR74851. 1)

2 79 h£88 Aphyosemion striatum (SBP15058.1)
— ——=RI& Gasterosteus aculeatus (ALF99996.1)

FFOBYEE Schizothorax prenanti (AGF80338.1)

100 PiSE D. rerio (NP_775385.1)
— 41 @8¢5 Cyprinus carpio (CBX89936.1)

50| #0€ C. auratus (CAD58853.1)

88 L453R) C. auratus sogu Var KX988002
| ——— &I Dasyatis akajei (BAU98233.1)

JEINTUYE Xenopus tropicalis (XP_004915370.1)
847 RX8 Gallus gallus (NP_001026685.1)
100 100|! 5 fiE Anser anser (ABF19809.1)
54 [R88 Columba livia (ACC60975.1)
99 K& Mus musculus (NP_058673.2)
98 A\ Homo sapiens (NP_005903.2)

81 76| [ 4 Bos Taurus (NP_776535.1)
94 #8F Ovis aries (AFJ95892.1)
806 C. auratus (CAE11349.1) MC5R
S& D. rerio (AAI62747.1) MC3R
B S D. rerio (AAO24742.1) MC1R
B S D. rerio (AAO24743.1) MC2R

—
0.1

3 MC4R MCRs
Fig.3 Phylogenetic tree of MC4R of different species and MCRs family

2.4 MC4R , ; C231T
Real-time PCR MC4R (TAC>TAT), ; A444G
Real-time PCR

i

Real-time PCR S MC4R
0.8r

> > > >

( 4) 0.6
2.5 MC4R SNPs

CDs , 6  SNPs 02l c X X
( 2)9 1 1 ) a a ' a a

SNPs , A123G  A199G 8 5 AA LE B A FER R0
Vizta

N

0.4r

MC4R mRNAMBXIRIAS

>

C231T A444G C480T AS8BIC( 5),Al123G
4 MC4R mRNA

> .
(CTA>CTG), » A199G Fig.4 Relative expression of MC4R mRNA in tissues of in C.
(ATC>GTC), R auratus sogu var.
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Fig.5 The SNPs in CDs of C. auratus sogu var.
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MC4R MC3R MCS5SR MCRs
3 , MC4R ,
MC4R 326—327aa,
MC4R GenBank MC4R MC4R 332aa R
MCRs S MC4R
99.3%, (2005) RAPD
: MC4R mRNA R
, MC4R , , ,
R 97.5%—99.3%, MC4R , , ,
MC4R MCR , ,
25.7%—68.4%, , MC4R (Jangprai et al, 2011); , MC4R s
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(Shukla et al, 2013),
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CLONE, EXPRESSION, AND SCREENING OF GROWTH ASSOCIATED
SNPS OF CARASSIUS AURATUS SOGU VAR.

YANG Yang', ZHOU Hui-Qiang', SHU Hu', LAN Zhao-Jun®>, LI Qiang', GU Ping-Hua’
(1. School of Life Science, Guangzhou University, Guangzhou 510006, China;
2. Shaoguan Fisheries Research Institute, Shaoguan 512006, China)
Abstract Melanocortin reporter-4 (MC4R) belongs to G-protein-coupled receptors family; it plays an important role in

energy regulation. By homologous cloning and chromosome walking, MC4R gene of Carassius auratus sogu var. was
cloned, and the expression of MC4R gene were studied based on real-time PCR. Meanwhile, SNPs (single nucleotide
polymorphisms) of the MC4R in CDs region were detected by Sanger sequences. The result show that the length of MC4R
genome gene was 2854bp that contain one 981-bp exon, the CDs code 326 amino acid. The MC4R contained 7
transmembrane structure and was a stable hydrophobin. Through sequence alignment of MC4Rs from different species and
other members of MCRs, we found that the C. auratus is the closest species to C. auratus sogu var. The homology ratio is
99.3%, the MC4R was far from other MCRs members. The real-time PCR result shows that MC4R mRNA was most
expressed in brain, and then in eyes; and less expressed in muscle, ovary, and kidney. Weak MC4R mRNA was expressed
in gill, intestine, heart and hepatopancreas. In the codon sequence, six SNPs were detected: two missense mutations, and
four silent mutations. The results shall be insightful to understand the growth of C. auratus sogu var., and offer
fundamental data for molecular markers of C. auratus sogu var.

Key words melanocortin reporter-4 (MC4R); clone; single

Carassius auratus sogu var.; tissue expression;

nucleotide polymorphisms (SNPs)
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