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Abstract: Myostatin (MSTN) is a member of the TGF-f superfamily that acts as a negative regulator of skeletal
muscle growth. A full-length, 2180 bp, cDNA sequence of the myostatin gene from Schizopygopisis pylzovi was cloned
with RT-PCR,5'-RACE and 3'-RACE and the cDNA clone included a 1128 bp ORF, encoding a 375 amino acid peptide.
Using PCR, we obtained the sequences of two introns of the MSTN gene and found that its structure in Schizopygopsis
pylzovi was similar to that of other vertebrates, including three exons and two introns. Likewise, the putative MSTN
peptide of Schizopygopsis pylzovi contains a conserved RXXR proteolytic cleavage domain, and 8 conserved cysteine
residues in the C terminal of the protein, similar to other vertebrates. Phylogenetic analysis showed that the MSTN of
Schizopygopsis pylzovi has high homology with other cyprinid fishes, but a low homology with mammals and birds. In
the 9 examined tissues, the MSTN gene was highly expressed in heart, kidney, intestine and spermary, while weakly
expressed in muscle, brain, fat, gill and hepatopancreas. Quantitative real-time PCR analysis showed that the expression
of MSTN gene was different during embryo development, suggesting that the fish MSTN may not only play roles in
muscle development but also contribute to other biological functions.

Wk H3B: 2012-05-215 % HIPL: 2012-09-04

HETH: HER ARFERESIH (30860048, 31160226); # T B AT A A SCHFTHRI(NCET-09-0861)

"Ml {75 1% (Corresponding author), 873K, W1, %, WFFUTT I AZIY 5 14k 5 £, E-mail: delingi@126.com; KW, #id:, B0, W55
[k 5)4°E 7% %, B-mail: pzhyp@sina.com

W—AEF RN RM(1974-), TEIERETCA:, B9 0k 2 ist 4% % 7 4%, E-mail: chaoyangh@126.com



474 3 W ¥

[ 33 %

Key words: Schizopygopsis pylzovi; Myostatin; Gene cloning; Expression

R LA (Schizopygopsis pylzovi) i & i
H (Cypriniformes) fifl £} (Cyprinidae) ¢ JIf 1 V. F}
(Schizothoracinae), | 72 434 T 15 ik i J5L AR AL =%
PNEA BB 30 Wi WP SEEARK R LK
KK 29 (Wu & Wu, 1991). H BT 7K i i
KGNS IKIEZ 04 KR, 385 AR sh i)
SRR o BORE, AR5 e S K A S R AU
Y A E AT . [R) LA R 6 R 2R
— BRI B AR B ER.
P RAE DA B AR A L R AR )2 1, Iz
2 NRIG BB AL 5200, SR B b
o1 o e K B e, AR K T S 2R 4 Qi et al,
2007). H 0 SRt ORI 9 2R T AR TR 2
RN WAL B2, REKEFMA
T2 % 71 (Wu, 1984; Wu & Wu, 1991; Qi et al,
2007, 2008, 2009, 2012), i HDfe k5 i s
FUMEEZ

LA A &K 0 ) & (myostating, MSTN), M Fx
GDF-8(growth differentiation factor 8), & McPherron
et al(1997)7E/) B K IR e A K R &
O, 8 T A K K F B(transforming
growth factor B, TGF-B)M K G AL —. MSTN [d]
TGF-B SR AL 57— FF, Fe™ P a®lit &
BRI, P aEE NR S R RTIRIX . C-A S
FSCRATRIX I 5 IR IX 48 3 4%, 7E N-2R 35 Al C- K iy
IR — N PR N LA RU(RXXR). BRI
ebnE v G LA R AR E, MSTN ik
FEHE L] 55 MSTN B Ik &, I MSTN %
PRI, (eI A, MSTN BRI 3k
I8, FaEt R MyoD. Myogenin mRNA 7K F-F1 T
il N el €t RAr & S BUINEIE it el e oY /I p U R
Ik MSTN ()25 7KF-, T LLER R MyoD X 53 Al
JUUPA L g () e s, AT (e ZE LR 2 (Rios &
Cmneiro, 2002). Reisz-Porszasz et al (2003) 5Tk
S, MSTN TERIE e DR BUUL A SR C UL B o
G WL e B AU ECR o>, T MSTN JE Al
Bk /N B UL BG D  B AR 2N SR D 2~3 %, JLIDL
PR A E Ay JIEOR, B S ARy e AL o B S 8,
FCH L ol B AR N BRI 262 % (Patel & Amthor,
2005), {EBEhfar, il RNAI &7, Bz
FEOWEST MSTN C-3ii; dsRNA, 25 1 £ LI

517 184 A B K (Acosta et al, 2005), H AL,
MSTN XA RNLR A K. K EHAEREED
WA

YT MSTN ZE X SR AR & I 1
P R B AE N A, LA BT AR 3 o e R AE S0
AR, AR SERR S il MSTN JERFFAIE . 4544
A LRIy e Ve S HLAE I R B T A X Rk K
SEHEAT T AP, BN IR AN EE T
VERA SRR 24

1 #RFITTE

1.1 #F#

L11 BEACREE SRR DU R AR T 5 i 5
S p it RN s, FT MSTN B vl M1 28F
JE RT-PCR Rl 2[R o A0 52 K5 BN 78 7K i
8.6~14.5 ‘C, W 7.8~8.4 mg/L (I%MT, 411 d
N AL G AR, Ry 158.2 °C-d. G IR fiR
RERAALCREEIN R BRI, iR, fhee ik
W SREIRRN. R LAY SR DB L
KA RS 32 B E RS2 RGO, T A i i
AN R B I MSTN &R 1R IA 7K

1.1.2 k5l RNAiso Plus. PrimeScript II Ist Strand
cDNA Synthesis Kit. 5'-Full RACE Kit. 3'-Full RACE
Core Set Ver.2.0 . TaKaRa Agarose Gel DNA
Purification Kit Ver.2.0. pMDI19-T Vector. E. coli
Competent Cells JM109. Premix Ex Taq® Version
2.0. PrimeScript® RT reagent Kit (Perfect Real Time)-
SYBR" Premix Ex Taq"™™ (Perfect Real Time) > 54
YT RRCRIE) A BR 2 7 7™ i, HeAt A2 o 3k 141 73
e[ P Hr 4l

1.2 A%

1.2.1 MSTN F:PX cDNA P41 FIH RNAiso
Plus #2121 RNA. cDNA 54 (1145 el A
PrimeScript II 1st Strand cDNA Synthesis Kit {5 %%,
DB RS A LA RNA AR, Oligo dT b
Fex51 1, ¥k R @ HERE iR AT BAE . R4
GenBank & % [11BE 15 f(Danio rerio, AY323521)- fif
(Cyprinus carpio, GQ214770) F1 5§ W B % (Labeo
rohita, GQ332409)ff) MSTN FE R JF5 ¥4 514
MSTNF Al MSTNR(E 1), F T3 1 MSTN cDNA #%
L Fr Bt LUULA cDNA A H] Premix Ex Taq®
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Version 2.0 i{ 7] #E47 PCR ¢4, PCR § BEFE 7
94 °C ¥4t 3 min; 98 ‘CAEME 10's, 55 CiB 4k 30s,
72 °C &A1 min, 3350, fefa—EIA 72 C 4L
ZEA S min. PCR 34748 1.0% 13 NEBE BER H
¥kJ&, F TaKaRa Agarose Gel DNA Purification Kit
Ver.2.0 =) ECR R SdEAT I alift, 285 wpE 2
pMDI19-T Ak, HALKZ A& E. coli Competent
Cells JM109, PCR il BH 44 v I J 26 A4 T i)
WA R = AT .

HE 5 v 19 15 21 (1 i) #R 2 Dl UL MSTN
cDNA #0 v B ARGH6 2E5K 73 70 ¥t 5-RACE ik
£5|4) MSTN5A1 #1 MSTN5AL, LA 3-RACE %
£5|4) MSTN3A1 1 MSTN3A1(#% 1). RACE %]
5'-Full RACE Kit 1 3-Full RACE Core Set Ver.2.0,
PR 7 1ET, RACE P4 aliAb A v [ )i i3k
AT

FT1 ETEERE MSTN EERER 54

Tab.1 Primers for MSTN clone and analysis in
Schizopygopsis pylzovi

51940k Fel(5'— 31
Primer Sequence

MSTNF GGCTGGGACTGGATTATTG
MSTNR CCCTCTCTGTTTCTCTTGGAT
MSTNS5A1 GAGCAATAATCCAGTCCCAGCCGAA
MSTNS5A2 TTATCTCAATGCCCCAGTTGGTCTCCG
MSTN3A1 CTGGACTTGGGAATGGACACTT
MSTN3A2 CCACCCTCCATTATCAGTGCTTTC
MSTNintronlF TCTCAGCAAACTCCGACTCAAACA
MSTNintronIR CCGTCCGTAAGAGGCATCAGG
MSTNintron2F AGCGACCACCGTCTTCTTACAGATA
MSTNintron2R TTTGGACCCTCCGAGATTTTCAC
MSTNrealF AATAATCCAGTCCCAGCCGAAG
MSTNrealR CCCGACCTCACCAAGCACAACA
GAPDHF TAAGGCAGAAGGCGGCAAGC
GAPDHR GTGAAAACACCAGTAGACTCCACAACA

1.2.2 P4 DNA §74% KM Qi et al(2008)f1) 75
TR B AR B UL A ZHZR L 4 DNA. e &
RAEMESNY) MSTN LR 7 HIHEN, H ] R
MSTN BEREH 2 MAET, EHENR NS 0 E
WY 43 ) ¥ Tk FE R 51 % MSTNintronlF |
MSTNintronlR F1 MSTNintron2F. MSTNintron2R
(& 1), LIEKY] DNA B BN ST, 57
B = 2 A RN v B G HEA T

1.2.3  °PEdE RT-PCR A By R S AaL O )T
JEREAE. B WUAL. Wi BEWG. 7. SEFDRS 5L 9

MAZLUE RNA IR, & RNA £ DNase |
( RNse free) AbBE, P HE MGG, 40 W%
SO cDNA BEAR (515 1R ). MRIE LIRS 1
MSTN 4K ¢cDNA @41, Wit¥E & RT-PCR H
Real-Time PCR 5|#J(MSTNrealF 1 MSTNrealR).
¥ & RT-PCR Fll Real-Time PCR [ 445
GAPDH F:[N 5144 GAPDHF Al GAPDHR( 1).
DAL S e s ) RSk, ) ] MSTNrealF 1
MSTNrealR A5 IYEATH . PCR NAKR A 25
ul, PCR SONAEE K : 94 °C,3 min; 94 ‘C 30, 58
‘C 30, 72 C 45 s, 30(MSTN)EX 25(GAPDH) Mk
G 72 CHEM 5 mine PCR 774 1.2%55 IS RH IR
CER7 iRl BN G

1.2.4 Real-Time PCR JEAL MG A [F) & & B
MSTN ik /K- ARGE SRR St IR iGN R &
W, BEEAEURE 3 4y, 2R E 3 ANMIRALEE . REOFE
d i 10 ARG AR, JRAE— AU RNACT
[ I), FJFH PrimeScript” RT reagent Kit i 7l £ f %
SEA Y cDNA M1, # % SYBR® Premix Ex Taq™ i
FFREAT Real-time PCR 7347 . 20 uL e WAA R H1 6
#%: SYBR® Premix Ex Taq 10 L. b Fi#E514(10
pmol/L)> 0.4 uLcDNA ##i 2.0 pL.ddH,0 7.2 pL.
Real-time PCR I, R FEMER 3 K, 4R
P AN I

1.2.5 HdlEr#r KH Lasergene 7.0(Burland, 2000)
BRANRE BT v e (R JE DR PP S REAT B HE 23 BT« S TR
J7 %) #E % ; Blastx F£ J¥ (http://blast.ncbi.nlm.nih.
gov/Blast.cgi) HEAT 8 1 FAHALIE4E %, DNAMAN
Version 6.0(http://www.lynnon.com)#t 17 Z MR 751
[ E LEEL; ExPASy - Tools (http://www.expasy.ch/
tools/) X MSTN & [ [ A= A0 e 1t FH 8 11 o B Be Ao
TN 4347, Signal P 4.0 server(http://www.
cbs.dtu.dk/services/SignalP/) it 17 15 5 Bk 4> #7 ;
MEGA3.1(Kumar et al, 2004)# {317 Bl L2 % A1
AR S0 M I @ AR (Neighbor - joining, NJ) R4 K
BHW. NH GSDS(http:/gsds.cbi.pku.edu.cn): il 3
R4l fom i BT LB

2 ZR59Hh
2.1 EBEFRE MSTN £ cDNA EEERF
5
A ARZL Lt MSTN J&[R cDNA 4K 2 180
bp, HA TP EEHE(ORF)K: 1 128 bp, 4ifid 375 4
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IEIR; 5-umAERIIEX (5'-UTR)K: 76 bp, 3'-uiEHH
PEIX(3-UTR)K: 976 bp, F5 HL7 () £ B IR H R N
FAsi 5 P HI(ATAAA)F polyA . 155 KTl 45
BoR, fEH N K& H—A 22 NMAERASE
SHRFEH, DIEIRL AL T 22 47 Gly F1 23 £71 Asp
Z 0], AR TN ATG, 2B 14 TGA(K 1).

FEH AT o, BORTARE LA MSTN A3 75 1 iy
fR5FIXI8: TGF-B mifk X 18(41~257)H1 TGF-B D)k
X 15(278~375). BIMBRAL L MSTN HA7 HLAY )
RXXR 8 I B K AT 14.(263~266) 0 42/ 751TF A 3 A
N-BEEEALAT 5 (N-myristoylation site) 2 /> N-Fi 34k,
£ SU(N-glycosylation site)s 6 /NP [0 11 51
AT i (casein kinase 11 phosphorylation site). 2 ~%8%
P10 C Wm0 7 i (protein kinase C phosphorylation
site) Ml 14 ARSF 1) DE 2 BRIR LA (164 40, 43,
138, 139, 272. 281. 282, 309. 313. 339. 340,
372, 374), Hr 5 AMF TGF-B mTfkIX Ik, 8 A~
T TGF-B DiReX 3, 1 M7 15 5 IR (B 1).
22 EABRHERE&E MSTN EEAESFFINSHH

I 45 2 1) 7 5145 NCBI 3% 1= BLAST i
WAL, e s AR e MSTN JEIA 2 AN
ETFH. WET 1K 660bp, WET 2K 898 bp,
MR AG ST AR it MSTN FE R 4Kl 3738 bp
(GenBank NO. JX088635). [ #RZ4 Ll MSTN
K2 AN S TF 1128 bp 455414 B sk 3 N4k
BF: ANETF 14376 bp. AMET 2 24 370 bp.
HNET 3 00 382 bp (] 2).

23 MSTN FIIRIEMSRFELZE ST

% DNAMAN Version 6.0 #fF, b # i #
SN N S BB . Bifa,
i, JEARf . FRAAOA. PR, ZRERAE. 6. 5
JR A T £ FIFATT 5 (1) MSTN 2 LR AR PE . 45
RWoR, BRRA P B UL YR e 2 [R1JS 4 53 )
N 64.7% 63.4% 65.0%. 62.9%. 64.7%- 95.5%.
95.8%- 95.7%- 96.0%-+ 96.0%-+ 92.6%-+ 96.6%-
96.3%+ 96.6%- 86.7%#1 80.1%.

BT ot #R 3 LA MSTN & 3 1R v 41 Fil
GenBank AT I HABYI TR RIAH N 7 5146 2 T AES)
WARGKEW(E 3). NETATLLE, RGKEH
VB MESIY) 73 i 2 A FEZRE, b TANIGRE A
LA ERA R TR AR . 8
TR Pt 5 LA R0 2, dnfe | 40, i,
BEOfn, WA, SRR T, XK5ET

BRI ERGE KB E 18— (Wu & Wu,
1991; Saitoh et al, 2006),
24 EUEHRE MSTN ERBELERERIE

KHfE 5 RT-PCR J7¥%, £l T MSTN £
mRNA 7E S AR O it BFBEE. B LA
Wiy NEWT. W, SEACES L 9 ML RIS B
(K 4). 455K MSTN mRNA 75 5 4R 24 A0 0
B . Sk B, WAL Nl i3k
KB, IR A R R GA, TR A A
bEEIE.
25 EHURHREMKRARLER MSTN EEH

Fzixk

CAORZLN . BRI, e, e, 4%
HIEE . R NIARN S OBk, ki
G cDNA Jy#itk, i#id Real-Time PCR 4347 & 3,
O AR LA R G 7R R 2 I MSTN Rk & f e, H
KRB RS G2 5 R), MAERIEMT
WRINGZRE G5 3 Rk LAZHS S 4 h MSTN it
NIRRT, R S BRI R
55 R LA N 28RO Bk 30135 IR ik 1 4 il S 52
F5J5 4h [ 2.08. 1.81 . 1.61 F1 1.49 £i%5; MiHZe e
WA RE G208 3 R) S B TR G B2 R I 5
7 ROFEIHR B B 25 kG 4 h (1) 033,
0.46 F1 0.66 %, HR%MNREEZBIUANE
(K 5).

3% ik

A B ARAT 1) B Rt MISTN JE R 5 3
T EHESHYI MSTN BATE = 1 R TE, 2546 73 i
SRV ESINE 3 NMME TR 2 ARG T
HANE PN T B DI S8 “GT--AG”
VI B ARZL Gt MSTN Rt 375 N R,
HE SRR TP 5 RXXR 8 (B K AR 4,
16 C i EWNS T ST 8 MR PR IR TR L,
I H 384 2 IR0 A ML B 1) TGF-B g5 ek B
TGF-p Bk X 55(41~257)F1 TGF-p Lljfg X 4§
(278~375), fifr TGF-B K& A HIRHIE, 5 A
BHESIYI MSTN & 1 —2(McPherron et al, 1997;
Li et al, 2007; Lu et al, 2010). % MSTN 31
IR G R B RREHES ) 23 i 2 A EZE5HE, H
N LB RIS A AN RE s BT 124l
JS AT o BRI AR i 5 H A A S, i
fiffh . 1, PEEL 0, FRA AN, RT3,
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ATCTACTTGTCCGGTGCGTGGTGAGGTTCATTTCCATAGCAAATCAGATCAAACATCCTTTGGCACGCTTTGGAAC [76]
ATG CAT TTT ACA CAG GTT TTA ATT TAT CTA AGT GTA TTT ATT GCA TGC GGT TCA GTG AGT [136]
Met His Phe Thr Gln Val Leu Ile Tyr Leu Ser Val Phe Ile Ala Cys Gly Ser Val [er] [20]

Signal peptide (1-22) A
CAT GGA GAT ATA ACG GCG CAC CAG CAG CCT TCC ACA GCC ACG GAG CAA AGC GAG CAG TGT [196]
Ile Thr Ala His Gln Gln Pro Glu Gln Ser Glu Gln Cys [40]
CK-2 (20-23) CK-2 (32-35) A
TCC ACA TGT GAG TTC AGA CAA CAC AGC AAG CTG ATG AGA CTG CAT GCC ATC AAG TCC CAA [256]
[Ser_Thr Cys Glu] Phe Arg Gln His Ser Lys Leu Met Arg Leu His Ala Ile Lys Ser Gln [60]
CK-2 (11-44) A
ATT CTC AGC AAA CTC CGA CTC AAA CAG GCT CCA AAT ATT AGC CGG GAC GTG GTC AAG CAG [316]
Ile Leu Ser Lys Leu Arg Leu Lys Gln Ala Pro |Asn Ile Ser Arg|Asp Val Val Lys Gln [80]
N-glycosylation (72-75)

CTG TTA CCC AAA GCA CCG CCT TTG CAA CAA CTT CTG GAT CAG TAC GAT GTT CTG GGG GAT [376]
Leu Leu Pro Lys Ala Pro Pro Leu Gln Gln Leu Leu Asp Gln Tyr Asp Val Leu Gly Asp [100]

GGC AGT AAG GAT GGA GCT ATG GAA GAG GAT GAT GAA CAT GCC ACC ACC GAG ACC ATC ATG [436]

Gl Ser "LysTAsp Gly "Ala) Met Glu Glu Asp Asp Glu His Ala Thr Thr Glu Thr Ile Met [120]

""" Nemyristopiation (101-106)

ACC ATG GCC ACA GAG CCT GAC CCA ATC GTT CAA GTA GAT CGG AAA CCG AAG TGT TGT TTT [496]

Thr Met Ala Pro Ile Val Gln Val Asp Arg Lys Pro Lys Cys Cys Phe [140]
CK-2 (124-127) A A

TTC TCC TTC AGT CCG AAG ATT CAA GCG AAC CGG ATC GTA AAA GCG CAG CTG TGG GTT CAT [556]

Phe Ser P‘ne Gln Ala Asn Arg Ile Val Lys Ala Gln Leu Trp Val His [160]
PKC (144-146)

CTG AGA CCG GCG GAA GGA GCG ACC ACC GTC TTC TTA CAG ATA TCA CGC CTG ATG CCT CTT [616]

Leu Arg Pro Ala Glu Gly Ala Thr Thr Val Phe Leu Gln Ile Ser Arg Leu Met Pro Leu [180]

ACG GAC GGA GGA AGG CAC ATA CGA ATA CGA TCC CTG AAG ATC GAT GTG AAC GCA GGA GTG [676]

Thr Asp Gly Gly Arg His Ile Arg Ile ArgAsp Val Asn Ala Gly Val [200]
PKC (191-193)

ACA TCT TGG CAG AGT ATA GAC GTA AAA CAG GTG CTC GCG GTG TGG TTA AGA CAG CCG GAG [736]

Thr Ser Trp Gln Ser Ile Asp Val Lys Gln Val Leu Ala Val Trp Leu Arg Gln Pro Glu [220]

ACC AAC TGG GGC ATT GAG ATA AAC GCG TAT GAC GCG AAG GGA AAC GAC TTG GCC GTC ACC [796]
Thr Asn Trp G137 TTé GIn"11€ ASn"Ala Tyr Asp Ala LysiGly Asn ASp Leu Ala Val [240]
N-myristoylation (224-229) N-myristoylation (234-239)

TCA GCC GAG CCT GGA GAA GAT GGA CTG CTC CCC TTC ATG GAG GTG AAA ATC TCG GAG GGT [856]

Pro Gly Glu Asp Gly Leu Leu Pro Phe Met Glu Val Lys Ile Ser Glu Gly [260]

CK-2 (240-243)

CCA AAG CGA ATC CGG AGG GAC TCC GGG CTG GAC TGC GAC GAG AAT TCG TCA GAG TCT CGA [916]

Pro Lys Arg Ile Arg Arg Asp Eer Gly Leu Aspl Cys Asp Glu Ser Arg [280]
RXXR CK-2 (268-271) A N-glycosylation (72-75)

TGC TGC AGG TAC CCG CTC ACT GTG GAC TTC GAG GAC TTC GGC TGG GAC TGG ATT ATT GCT [976]

Cys Cys Arg Tyr Pro Leu Thr Val Asp Phe Glu Asp Phe Gly Trp Asp Trp Ile Ile Ala [300]

CéA A%A CGC TAT AAG GCG AAT TAT TGT TCT GGA GAA TGC GAT TAC ATG CAC CTG CAG AAA [1036]

Pro Lys Arg Tyr Lys Ala Asn Tyr Cys Ser Gly Glu Cys Asp Tyr Met His Leu Gln Lys [320]

A A
TAT CCC CAC ACC CAT CTG GTG AAC AAG GCC AAC CCG CGA GGC ACC GCC GGG CCC TGC TGC [1096]
Tyr Pro His Thr His Leu Val Asn Lys Ala Asn Pro Arg Gly Thr Ala Gly Pro Cys Cys [340]

ACC CCC ACC AAG ATG TCT CCC ATC AAC ATG CTT TAC TTC AAC GGC AAA GAG CAG ATC ATC [1156]
Thr Pro Thr Lys Met Ser Pro Ile Asn Met Leu Tyr Phe Asn Gly Lys Glu Gln Ile Ile [360]

TAC GGC AAG ATC CCC TCA ATG GTA GTA GAC CGC TGT GGC TGC TCG TGA [1204]
Tyr Gly Lys Ile Pro Ser Met Val Val Asp Arg Cys Gly Cys Ser * [375]
A

ACCAGTGCCCAGACAGGACTCGATTCGTCTCACAGGCCCGGACATCTGATCACACCACCCACCCTCCATTATCAGTGCTT [1284]
TCCGCAAGACACTGTGCAATAGATGGACGCTCACTCACTCTCTGGGCACCGCTTCATATGACTATGTTTTTTGTCATTTT [1364]
CCTCTAAATCGGCATCTCTGCCACAGGAGTCCAATGTTACATGGATGTACTAARAGGAATGTTATATACAGGCTGGACTTG [1444]
GGAATGGACACTTTTGAAATGGACGACATTCTCTGCTTTATTTCATGTTTTCACCTTGTCAGAATTCTCTCATTAGGATA [1524]
CGCAGACAACATTGTATTACGCAACCACTCCAAAATACAATCATTTAGATTTGCTGTAACAGCTGAGCTTGTTTAAGAAG [1604]
GGTATCCAAGAGAAACAGAGAGGGACTCTTGAACATTGAACAGAGCTTGAATACAGTTATTTGACGCAAACTTCCACACA [1684]
CACTACAATAAACACACAGATCGAATTGTTAATTGTAGCTTTTGTCCACTACGCATTTGTCARACAGCCCTACACACTTG [1764]
AAGTATTATTGAAATCGGCATTAGGGGACAGAAGGACTTGAAGCAAAGGTGCTGTGAATGCGGTCTATACATTGAAATGT [1844]
GTTCGAGACAGAGACATCAGAACTGTAAGAATGAATGTTAATATCACGCTAACACTCTGTTTTCAAACCACACAGTTTGC [1924]
ACTATGGCAGACCAATAGAAAAAATTGGTTGCTAAAAATGTTGTAAAAACAGATTTTGATATGTTTGCTAATTGTATTGT [2004]
ATACTTGCCATTGTTTCCATTAACAGTTGCCTTTTTTTAACCACGGTTAGTACATGTATAGGAACACGAAATAGCAAARAA [2084]
AGTGTACAATATAAATTTATGTATCTGTTCAAACAAATAAAGGTGCTTGCTTTAAAAAAAAAAAAAAAAAAAAAAAAARA [2164]
AAAAAAAAAAAAAAARA [2180

K1 BOTERELS . MSTN FER] cDNA 791 S HAME T (R 2 IR IR PP 41
Fig. 1 MSTN cDNA and deduced amino acid sequence of Schizopygopsis pylzovi
IREYELRRE SIRFH(1-22), FRILEREAKBILARXXR), A RpARTHER IR, ~Rrg b . BhgsARE e, W
CK-2: TR A 1T 8% R 1k 18 A7 £ ; N-glycosylation:  N-#EREALAT 55 ; N-myristoylation: N-BEFEALAT &1 PKC: , 2K A3 C BRI A FHAY 25
The signal peptide sequence is marked with shadow box (1-22). The conservatively hydrolytic site (RXXR) is underlined. Black triangles indicate the
conservative cysteine residues. Asterisk indicates stop codon. The abbreviation of motifs is presented as follows: CK-2, casein kinase II phosphorylation site;

N-glycosylation, N-glycosylation site; N-myristoylation, N-myristoylation site; PKC, protein kinase C phosphorylation site.
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Fig. 2 MSTN gene structure of Schizopygopsis pylzovi
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Fig. 3 Phylogenetic tree of representative vertebrates based on MSTN amino acid sequences

A5 L RIR 1000 KEE K LR %, ER=50%1E). 590 MSTN JPHI 5555507 8 : N (ABI48422). /N (NM_010834). 3%(ABR08657)+

FEZ(ABY 74330) X5 (ACY68210). Hifli(ACB45875). fiffi ffi (AEJ83922). fi

TR (AENT5197). #1(ACS92640). AR (ADD71155). UL (NP_00

Numbers at the nodes denote the bootstrap values of 1,000 replicates (only those

Homo sapiens, AB148422; Mus musculus, NM_010834; Sus scrofa, ABRO8657; Bos grunniens,

H(ADK94456). B4 ji(ADD71156). #i A il il (ACK76230). B L f1(AAP85526).

1117754 FFATT AT (GU198192),
=50% are shown). GenBank accession numbers of MSTN sequences used are:
ABY74330; Gallus gallus, ACY68210; Ctenopharyngodon

idella, ACB45875; Hypophthalmichthys nobilis, AEJ83922; Elopichthys bambusa, ADK94456; Megalobrama pellegrini, ADD71156; Gobiocypris rarus,
ACK76230; Danio rerio, AAP85526; Labeo fimbriatus, AEN75197; Cyprinus carpio, ACS92640; Procypris rabaudi, ADD71155; Oncorhynchus mykiss,

NP _001117754; Trachidermus fasciatus, GU198192.
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Fig. 4 Detection of MSTN expression in Schizopygopsis
pylzovi by semiquantitative reverse transcription PCR
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Fig. 5 Real-time PCR analysis of MSTN transcripts of
embryos in different development stages
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The numbers of X-axis are presented as follows: 1, cleavage stage (about 4
hours after fertilization); 2, blastula stage(day 1 after fertilization); 3,
gastrula stage (day 2 after fertilization); 4-5, neurula stage (from days 3-4
after fertilization ); 6-8, organogenetic stage (from days 5-7 after
fertilization); 9. tail-bud stage (day 8 after fertilization); 10, muscular
contraction stage (day 9 after fertilization ); 11, heartbeat stage (the day 10
after fertilization); 12, hatching stage (from day 11-12 after fertilization).
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