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&5 Myf5 B E 52 [£ & H SNPs 5%

FRALALH L RE L AFF L WS BEE L RRA L HOUE, 2R

(LR EDKF=REET T BE BRITKF=RFFERT, 4% 1IN 510380; 2. LR R S ARl SEAR 2B, 1 200090)

EE . JEUH S (Cirrhinus molitorella) LA S RNA , 5 F RT-PCR $ AR 73 Bt 5E Fe 5% My s SR 0851, 3545 1 104 bp
89 Y e B, G P R T8 B B AE A 723 bp, 2% 240 1 ZBE R . 3 T AR B, 85 Myf5 2 FUEAT MR 2 7 ik K] 17 it 0 i 4
bHLH i€ - 3 — #2iE (Basic helix-loop-helix, bHLH) 544, e 18 B3RS 2N & F, R/ 511 1311 bp
F190 bp. FHEABEF ] 2254 SSCP BT IR AT T Myfs FERAEERTTIK 2R 34N RIVEBEE i st (678 5, oA SRR &
PEAEREAR ARG B . RIS X AR RS ATEAN BT 412 (37 15 AL S R 578 C— T XHZ A 5 R T JE R TS0 , 45 51
FEH: BRYTACIT B8 HiZ A7 23 A7 & Hardy-Weinberg -7, I A< VLAV VL EBCFP#EASST & Hardy-Weinberg -7, 3 /M B Ff
HE A 1 £5 A Hardy-Weinberg -, AR TERERIERITL . LA MyfS 3 PRZAT 3 B9 Z A HT 2 W1, 3 Fle oA Hh BRI ik
O3 S KA ARG AT R« 3T B A B BEER R L T BEAR B A (PIC) M 22855 BAREL, BN
BT S Stk Masi e 2350k . 3 ANTLBCRIE SUA AL AEATF & Hardy-Weinberg I1H LT AA> BB, I HZ AL i F1A
e PE B b A B R (S S AR AR LA R 22 25 M ELAS A v PR R, B BB RIAMASZ 3 [ SRk B, AR
WSS SRR, 55 Myy5 BP0 CA12T SR ARG, T VRS e L R bR i, FH T A KA DG o3 Fhm 1l B & R

5%, [ EZK P RE,2010,17 (4): 681-688]

KRR MR A0 Myf5 F [ 5 SSCP; L4544
FE 4 2ES: (0959; 396 ERERIRAD: A

% (Cirrhinus molitorella) J& #JY H |} | B 6%
WA BRJE . ARFR it BN s AR AT
PRUL VL BRVC GRS & 55 B ool e Tk
AT AL o BEAEBRT LAtk [X 5 B £ % |
55 PR U R 2 A, S VLI 55 Rl 8 S L ) 3 20
Hz—",

Myf5 (myogenic factor 5) 3 PH 2 A5 {IL 45 A+
MRFs Z & B R 53 2 — , K RAL 45 : Myf5 . MyoG,
MyoD FIMRF6 4%, B T RE & Al #E nid UL i g 44
FEAN AL, Hid MyoD . Myf5 P e 35 LT 2 41 & 75
AEJA B BA VR R LA T4, 17T MyoG I

Wk BHA: 2009-10-13; F&ITHHEH: 2009-12-17.

X EHE: 1005-8737-(2010) 04-0681-08

MRF6 W 44 35 81 WL i 2 AR A LS L
LFAERO DAL, ST MRFs SOMCH DA 9 B A B,
PEbHLH B2 - 5 - SR e 45 14 e 1 W8 5 E 8 1P
TSR 15 JUL PR S M PR A JULBR A P e
PR FIIL IR 86 55 1) 30 145 PP 91 B-box 258, AT
T I B PR K 0 M5 P B 2 R
FLEN Y B RE se B R, A /N B (Mus musculus).
2F (Bos taurus) J& (Sus scrofa) 4% (Ovis ammon) 34
(Gallus gallus) 55 ABAE A58 8 /0, H T HAE
BE 5 £t (Danio rerio). 2 L85 (Morone saxatilis). A i
(Lateolabrax japonicus) ¥ 7F ¥ (Paralichthys olivaceus)

ESWE: HEARPEAIEE T EIIE (30271022); FEAHATIE (Lol ) BHIFL I (2009030455 ) [E 5 H mil AEAIFSE & S - 3t
H (2004CB117401); I ARAFHE TR (2005820301007 ); |~ ARA BHE T A IOE T30 H (2005420105001 ); [E FBHEILRE A7 £ 4

I H (2006DKA30470-008 ) .

1EER/IT: 4% F (1984-), B, W54 . Tel: 02081616509 ; E-mail : 030901 .student@sina.com
BIEE . L, BF5E 5 . Tel: 020-81616509 ; E-mail : zgmzyl@tom.com
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Hovn B JE A )E 9 A 2 BB AR 7 Bl (Fugu
rubripes). K PG 248 (Salmo salar) ML8S (Oncorhynchus
mykiss), 8 (Cyprinus carpio), K 1 2 fifi (Micropterus
salmoide) 1135 cDNA JF 51,

I, X8 A58 B h T FARid S s g
SRR T, TG TARSE D RESEIN A BT AR,
P A DR B BR VLK R A AR VL ALYE S VL3 AN
BRI B A B VR RS BN 42, Je TE R B Myfs SE A
i) cDNA JF 911 33— 20 AR EE R 20 3 9 . it A )

TR, AT R R S R, B A R, DA S E
FER A2 ThfE , 15 SSCP(single strand conformation
polymorphism, SSCP) i J5 2% Myf5 BE R #E4 T SNPs
(Single Nucleotide Polymorphisms) F:ill ", 355 55
AR HIRAT DG I SNPs 037 118, I X5 32037 o (14 R R AU AR
VLB PR, rp i385 o0 A SRS AL 25 kg E AT 0F
G, MRSy Fhricii B B Fhea e 5L

1 #MR5FE

1.1

SR RERHE AL T REVT K R 3L ZRIT (3L
LD | wANET- 3 TN IPANG E7) I DS
1.2 Z RNAHJREX

JULPA S RNA B4 B, B 5 AR LA 30 mg, 44 if
Promega /2] SV Total RNA Isolation System 171 &5 1%
D5 AT 1.2% BB REHE R DK A I B2 U RNA
1.3 DNA HJREX

PRITIK RS BE45 56 2, UL . 4 A6
ST AR DNA™, FH 1.29% OISR UK
14 S¥EHSPCRY &

HR 45 £ GenBank I 6% S5 1 5 T 00 F1 6 1) Myf5
LA eDNA JP8  FEHARSFIX B 5 19, 51490
A T AW TR IR 55 A IR A A& L, PCRIKAR
(buffer, Mg®", DNTP, Taq i) 5500 T A T/EY)
TAEE AN ARA T,

RT-PCR #" 3§ cDNA#% 0> | BE: #4515 uL RNA 5
2 pLFE LG P AET70 CIR A 5 min, -4 6 5 12 5
(5 ul Buffer,0.7 uL, RNA-inhibitor, 1.3 uL. DNTP, 1uL

M-MLVRT) A2 E—AR 5 ,42°C,2 h,70 °C,
5 min, PKi% 2 min, FRE 10F5VE A GBI

PCR "5 B AFUN 20 pL, PCR ™ A R YL AL
10xPCR reaction buffer 2 pl., Mg™" 2 uL. ddH,0 13.3 pL,
51497 (10 pmol/uL) 4%0.5 uL A% A DNA (50 ng/ulL) 1 plL.
PCRY"HSFEF: T PE94 °C 5 minl MEHR; 94 °C 30 s,
52~ 60 °C 305,72 °C 1 min, 30 MEH; )5 72 CAkSE
FEAH7 min PCR =9 FH 1.2% B g W68 I v K A U0, 445
HJEH UVP B SG R G o Bk s 4s
1.5 PCR¥I&F=¥14)se &N F

P I 28 1.2% I s SR NEWE BRI L Uk O [l
Weztifk,, 5 pMD18-T #AARZE 425 , AV 2 S KB AT 1A
DHSa, W AR, BRICER 75 , 2205 2 100 mg/L Amp”
LB} FRHE, 37 Cib i o IR MAE FH 5 1 A 355 1)
VETR 7% PCRAS I -5 B P55 Ak 3% il A= T2
TR NS5 A R /A w1 .
1.6 PCR-SSCP 4 #f7

i 356 SNPs 3 55 51 9 & B: BE 9 - 1% 11 7E ORF
(Open reading frame) P DNA P3RS 19, i 1
Ji7R o

PCRAZF N FAEME 94 °C, 5 min, 1 M HE; 94 °C,
30350 ~ 58 °C,30s, 72 °C,30s, 23041 #7572 °C
Tmin, VL, 72812 uL 5 8 uL 728 1 buffer (1 ik
J129.8 mL,0.5 mol/L. EDTA 0.2 mL, Jill/|> &2 15 i i F1 —
IR B 25 2 10 mL) TR 45,98 °C, 10 min, KI5 min.,
FH 129% B2 P R G EE IS 15 V/ICM,, 6 b, AR Yk e g
WA, B gl A 3R AL Rl T A TR
FARMSS AR A FRT, 3BT 5780
1.7 SGEitan
171 ERERESFHSN ARk E AW
T AR R Y A S LR R & L Bt vh
()RR I3 FH R T R 36 A i K ABL SR 233 4 il
13454 Hardy-Weinberg V- IR 5
172 BEHFEEEM DM K JHPopGene32
(Popula-tion Genetic Analysis, Version1.31) &4 347
Myf5 FEPRITEA VL BRI a5 748 e AR 5k
KAERB AL G5 5 50 1o ST NSV B Myf5 5k
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#1 PCR-SSCP#R14314

Tab.1 The GSP of PCR-SSCP
HH BIEALI frm gy JOMPCHR REED gy gy
Name Primer sequence Location  Length mplification  Amplification TM value Usage

area length

P(1-1) TCCAACCAATCATGGACGTATTCTC  exon 25 1 64.2 ik SNP A
P(1-2) TCTCCACCTTGGGAAGTCGCTGA exon 23 330 330 67.8 T SNP i s,
P(2-1) CCTCGGCGAACCCCAGTCAGC exon 21 292 70.6 i SNP A
P(2-2) TTCAGTATCAATCTAAACCCCTC exon 23 520 229 552 Uik SNP A,
P(3-1) CTCTTCAAGTCAAACTGAGGGGT exon 23 482 59.4 TSNP A
P(3-2) GATGGATAGAATGCCCTGTGTGC intron 23 694 213 633 Bk SNP A,
P(4-1) CTCTCTCTCCAACTGGAAGTGATT  intron 24 2056 58.8 ik SNPA A,
P(4-2) CTTATTGGCATCTGAAAGCATTAT exon 24 2271 216 58.1  Jifidk SNP i
PRI AU TE 45 i 28 PN 1) et A 72 S R PR 1) L 458 2 A7 5 2516 bp, A 4E #8535 M3 X 340 F 20N &

DB (N,) AT AL EERIEC (N, ), Shannon” S{5 B4
B (D); Myfs BE AL SR REAR 22 & 1 REIA 4G B2
(Homozygosty, H,,,) JFAZZ G (Heterozygosity, H,,).
Wright” s [& %2 48 54 (F,) A28 2 1R Botstein 251
P Rr g i e N EPS!
Content, PIC):

PIC= 1—Zp —Zi ZZp

i=1 j=itl

A, PP, 3 AR 1 j ) S 6 B RS

L% 5 (Polymorphism Information

2 HBRE5SMH

21 BEMyfSEREFIRSREIISHT

A Iy 45 R B 2 #OR ¥ 91 JF 7ENCBI |
BLAST 8 2 H A %0 5] 57 51 , 6 FH Vector 8.0 K4
JF A 08 Myf5 SEDR P SN HEA T HFE , SRR My fS
FH P41 (GenBank FEMH5: GU289508 ), F A 741 Hy

THRIER 3 M X T, SR FRNE TS A
FER Y BE f SEEEY) R, H ORF HEP /M i+
KNN3 312 453 bp 76 bp . 194 bp; #b i F 143,35 2

HERST ATG, S i+ 3 AR A L3S F TGA; N5
T LRI T2 K/ 1311 bp F190 bp.,

JH Primer 5.0 Fl Vector 8.0 L4 & 7F £& (www.expasy.
org) BHRAE 05 Myy5 5 DK (1) ORT 128 Wi & 3L 1R 7 41) (fiff
FHFRIEBERS 1), et 240 N MR, AE LT84
22 IR 55 L S R4 R - 6.08,26.288 31 kD £ k741
il 1 expasy proteomic server ] SWISS-MODEL {3 It J:
FH RasMol #E4 74387, 123k PR 4 i (1) 2 S R J 3 91 LA
— LAY R Bl R e — PR — WRJ5E (basic helix-loop-helix,
bHLH) 25838, 13 5 60 ~ 124 Z FERR AL FH Vector8.0
LA B BT BT N 10 Ry R Zmish [X A%
HRR P A IR, 338 5 clustalx1.81 FIMEGA4.0 f4 ¢
Gy F AR, I R

WIS Oncorhynchus mykiss

PEEf8 Danio rerio
E i Cyprinus carpio
5% Cirrhinus molitorella

KBS Micropterus salmoide

X Gallus gallus

N Homo sapiens
E FI Mus musculus
WEER Rattus norvegicus

17 JTWE  Xenopus tropicalis

035 030 025 020 015

£ 1
Fig. 1

0.10

0.05 0.00

WRIGAN RIS Myf5 4% Ry 5 R A A A AR

NJ-tree according to the nucleotide sequence of myf5
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i My B K 9l 7 51 5 8R4 OC R B, 1T 5
[ R 93.6% 5 Hoyk 5 B I fa A L 51 [R5 oA
85.9%

2.2 PCR-SSCP &R #r

FR P TR 4 X519 PCR ™= ) #E 17 SSCP

O3B, HoA S 2 X 519 PCR =4 47 SSCP 43 #r 26

PR 3FRIERAY, 2l 44 o AA KA BB %€
ARFL AB Ry A (1 2), I & B AA B A 7R
M2 AL KA C— T RAZ Y i BB #2845 71 (1] 3

JITR G AR RIEA B ), GEAR s T3S T i S — A
(IRIEDT 22 2R (Ser, S) 28 AL T T4 (Pro, P),
AR T E IR RS

P2 858 Myy5 FERR 1L R RS AH) SSCP 7 A
AA: BPATY, BB: 75T, AB: A0
Fig. 2 SSCP analysis on PCR amplification in different individuals of Myf5 gene
AA: wild, BB: mutation, AB: Heterozygote.

L = S e S e B L e S A

S T e e T =

O = e S T S = T e

ﬁﬂf\/\rdwmm\}\f\mﬂmw

3 SYEE Myfs HEH SNP 51434
i kAN RS
Fig. 3 Sequence analysis on the isolated genotype of Myf5 gene

Arrow denotes substitution.

23 RELALAEANET R SRR E FE B FE FE 7R
Gt AR BETRER
AN TR VT B 8 My S ek DA ) 5 DR 28050 24 AR PR At
RGTAER IR 2. TEANTLBIFPREN, AA LD R
R A S8 A7 5 PR3 1] S 4 55 T BB ik DA BT B 4547
Ko 43 SRR 77 K3 R R AR 2R X 25 VL B il
FEPEE My 5 5L R A LR L5341 E 4 T Hardy-Weinberg
S R B 25 R SR 3 VL B A R KA L
VLT BE Fh BE 4 & Hardy-Weinberg - ffif (P>0.05),
VUYL YT B b BE I 3 19 25 T Hardy-Weinberg - ffif
(0.01<P<0.05), Tl < YLYLBEFRRE 0 5 2 11 fit 125

T Hardy-Weinberg “F-fif (P<0.01),
ZME B i Ras 2 G B S AR bR 2 B IR

WA S EESH, 286G B T B U GREA
FERRAR, FeBas G — i . R3S, AR
TR 2805 B #7025 5 0.5 Z 0] %07 1R
T2, A G TS 3 VLB
By B, S TR, S 4 T IE R
K BEALASFLIE BT 10 TUATR B [ 5 F8 50k 71
(B, A AR S RN I, 2% G TR A RS (BN,

D& 8 BOAE o ARG 3ASTLBOR R Y [ 4
B R ik, R 6t
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F17:

Popgene32 1545 3 VT B i P i) 2 X 3k hy
661.3523, 13i W] 3 VLB i) S R e A7 AR A i SR R 52

Uito Popgene32 IR 3V TR RN L A 28 4341 #y 1l
TR B4R RIS AT RG SR I

| RITE: Dongjiang section

JLITE: Beijiang section

0.005

POITRE Xijiang section

4 BRIL3NLBL o AL i ey

Fig. 4 NJ-tree of C. molitorella from three sections of Pearl River according to genetic distance

3 g

XF Myf5 W mRNA J7 51 4 3 i BR, SB i %5 7% 5
AUG LIRSS 3AM TR R RIS | 1T S5 R AUG ) 1
FAIRZAT IR R S IS 31X 5 “Kozak 781" HEAE — 25, £
AR AR YRR EE S T A W ZEFRHIE

FH Popgene32 115345 34N TT B i) SE R AR K
SERAZ TN B IXAF B AR L DX ) BB AR B Y
HTEVEDE, E B AT ARV G PR VA O KR
MR AT 2E =, e Bl O B (g R A L i 5]
AR IR 3 AT Bk R EAS I

FATTBAIEEN , AA LA A S50 3L AR
N S 401 5 T BB LR U B &0 L, IR AEAE AR
b, 3 VLB SR EATE A Hardy-Weinberg
S, URBH BRI A L B AE( LR AR AL i B v R g
ZHN A EPREE SRR AR AR S R R
A1

SRR TP NS, B ARBER 4K
- L s AL AR SEARAR RORRE Lk, & AR S
MFELE 5 75 58 2 BT A SR B RS AL AR
XoF S v 3 AL A S AR LB AR kA T ek e R 4y
BT o ST R I SE TR A 25 B AR R4,
PR b P S HE T REAS B 2R 1 000 P RTHLAEAR
(RIBLAL AR ST . LK 50 e B P Z IR B
IR 225 (P <0.05), RIAEAE P ki

LM B i PO e A B BE AR bR R BE LR
WL SR RS, ZBE B B USRI M A

JERAIR, R L — B . 3B AR A
FLZBE RO IOE B UL AL s s R e AR
JEEr . 5 BAEE0E R SEI AR 1) 1514 78 S PR
o AR 2 R S AR & B T R A — B, B
{51119 Shannon” s TE 4t W], SR R84 A8 S e
B RS R SRR G R T A — 3
FIT LA, 78 BARFRASFE A Hardy-Weinberg - £ (1
TEOLT , AAJERIARIANMAKOR T BB LR HRLNMAKL, H
FER GV B bt 3 T R WD 2 R S AR AR HLAA
RAFI 22250k, 48 S A B 45 o ELAS B0 v PR R A
3, 2 BB R B R 32 31 [ SR e 85, B A S50 55
PR 2878 B B 55 S IR, 47 BB 3 RIS A B
TR 46T AB LRI A AR ) WA AZ 5200
PRI, G AR A5 PT AR A TEIE B A B b iy —A4> 40
TFhmic, R E R, T4l A LR Y BB B,
NG I, A 20 A A R B R 1k
7 05, B R AR 22 5 R (Ser), 70 2R (Thr) F1 i 24
PR (Tyr) FRILAMEE Y FRIE T, AR 04 28 e T 5]
FME AN [R) 2 BT AN [ 05, T8 BB R LA 1 T
PEETF ", S T F S, BRI K &
3T B EEF AR T412C FIAEALE LS AR A5,
TEGFAL T35 1 15— DL, MU R 2
B, B B 7 B 1 138 37 22 B TR (Ser) 2878 il 44
Fii (Pro). 7E 22 K C— i 132 ~ 148 N & % 22 & IR
(Ser), B 5 B 23S MyfS BRI v BRF A L s & ¢4
ZIR (Ser) Y [X 35, I-#F LA LPXESSSEPXSPS (P) SSXS
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e XAFAE (O AE R IR, M7 1 AT REJE 1] IR
A E, o] DR BRI A . BRI 5)
Hh 22 Z 1 (Ser) 5828 IR &R (Pro) 7 A1 AT 2K
TIE MR A P . 8 1 DI RE b e i e A
PUE , M — P RE T 2 IR it . AR
251 BB EMA BB R AR N AL HR 4
REZR, FECMAAE 1 T B, XL H At — 5
HE

BE Lk
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Cloning and SNPs analysis of Myf5 gene from Cirrhinus molitorella

ZHONG Maochun'?, ZHENG Guangming', ZHAO Jian', ZHU Xinping', MA Lisa', PAN Debo', CHEN Kunci',
XIE Wenping', SHI Yan'

(1. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China; 2. College of Aqua-life
Science & Technology , Shanghai Ocean University, Shanghai 200090, China )

Abstract: Several molecular markers were used in mud carp genetic diversity research. There is no choiceness
varietal mud carp ( Cirrhinus molitorella) in present culture. Three part of Pearl-river drainage wild mud carp
(Cirrhinus molitorella) were sampled as experimentation fish, and PCR-SSCP (single strand conformation
polymorphism, SSCP) was used to screen Myf5 ORF (open reading frame) DNA sequence, expecting to find SNPs
relative to growth and trait. Mud carp ( Cirrhinus molitorella ) belongs to Cypriniformes, Cyprinidae, distributing in
Pearl River, Ming River, Han River, Hainan. Taiwan and southeast of Asian. It is an important fishery production
in Pearl-river drainage area. Myf5 gene (myogenic factor 5) is a member of MRFs gene family, which include
Myf5, MyoG, MyoD and MRF4. The primary function of the gene family is advance myoblast multiplication and
differentiation. The function of MyoD and Myf5 genes is determined to initiate the differentiation process of that
muscular satellite cells to be muscle derived stem cell. And that of MyoG and MRF4 genes was thought to be involved
in regulating the differentiation process of muscle derived stem cell to be myotube and muscle fibers. All of those
functions were implementing by the typical trait b-HLH structure of MRF family, which form dimeric by combining
with E-protein. Then Key gene is activated and pressed by the dimeric recognize upstream E-box. Many species of
Myf5 gene or cDNA have been cloned. Such as Mus musculus, Bos Taurus, Sus scrofa, Ovis ammon, Gallus gallus,
Danio rerio, Cyprinus carpio , Micropterus salmoide and Oncorhynchus mykiss.

Myf5 gene of mud carp (Cirrhinus molitorella) has been cloned, sequenced and analyzed by PCR-SSCP. Mud
carp Genome DNA and total RNA was extracted from flesh muscle of mud carp. Myf5 gene was cloned including three
exons and two introns of which the length is 453 bp,76 bp,194 bp and 1 311 bp and 90 bp (GeneBank accession:
GU289508) . The cDNA sequence of Myf5 gene was obtained by RT-PCR. The length of the cDNA is 1 104 bp,
and 723 bp ORF (open reading frame) was identified, which shared 93.6% homology with that of Cyprinus carpio,
85.9% homology with Danio rerio. It encodes a peptide of 240 amino acids whose calculated molecular weight is
26.288 31 kD and theoretical isoelectric is 6.08. AA sequence analysis showed that the Myf5 protein have the typical
trait b-HLH structure of MRF family. The population genetic information about genetic distribution, variation and
heterozygosity of Myf5 gene was analyzed by using PCR-SSCP in three part of the Pearl River. The only one mutation
C/T at base position 412 of the whole CDS was found among individuals in whole group. Through further analysis of
the position, it could be inferred that the genotypes distribution of Myf5 in three parts of the Pearl River were not in
accordance with the Hardy-Weinberg equilibrium except the north of the Pearl River subgroup, and not in accordance
with the Hardy-Weinberg equilibrium in whole group. All of the three groups have high heterozygosity and moderate
PIC, which indicate that the mutation is high degree in the groups and fine genetic diversity. Furthermore, there is
obvious differential between observed values and expected values that indicate the evolution is discord with theory of
neutral selection. In the whole of the Pearl River, A and B alleles are that not in accordance with the Hardy-Weinberg
equilibrium, high degree mutation, fine genetic diversity and discord with theory of neutral selection. The number
of AA type is more than that of BB type evidently, and the conclusion can be made that BB type individual has been
selected. Consequently, the SNP can be used in the breeding process, avoiding the BB type as parents

From the molecular level, to speculate, phosphorylation switch site changed or disappeared because of the
mutation, resulting in decline in individual life force. This is in the need of further experiments. [Journal of Fishery
Sciences of China,2010,17 (4): 681-688]
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