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7 8 MSTN4 K cDNAJF 7|, qRT-PCRO AT HE X F AL AL K & et Rk H 0. 4
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880 bp 3'4F 4745 X fu 1128 bpFF 2 A 248, 4@ 375 A LMk &, W22 AEBRKER
55K, 34~256(L 7 2 B 5% & 4 TGF-Baf fk 4, 281~375 2 TGF-B4 Ay 5, H & & B K f#
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H Y (Carassius auratus) /B H#IE B, #E}
(Cyprinidae) . #)& (Carassius), J&+ )4 &F M
ORI AR e T PER R —, R AR
Bk B =AW, 2 A A 24 s i fa e,
T I R LIS o = S ST = o Al 7 9
MSTNELRAERK EF W EERENF2Z—, #f
5% HAE AL RT 1 figg ST L Y A K R R R A
PLBEAT AR . AWESE ve b 1 S B MSTN-1
FEH, IF B HAE 8 AN R LH 4L LA SO Ji Fn R I
RE B RIBAE, Ak — D05 MSTNEE
VT L PR A K e B LR SR A B R s,
Xof L S ) BB e R AR B AR AR

L kPR ik
L1 ZRNAREIFIE —#cDNAS

AT 3 R (- ¥ A 2 H 500 g), SR TR i
S JFE g . $%: TaRaKa RNAiso Plus (TaKaRa,
KA )i UL X R A T WAL R
Fili o O JUE L HEE L EDE L R 81~ 4 2 4 B
SRNAL BEFEA ] A B I3 0 1 0] 6 R Jie (52 4G
LIJRINE 917 Y70 S I 228 I Y WA D)

BTWRAMA, EBUARNAM TS5 . ND-2000
KR £ A 2 RNAWR £ 5 ODME, i fg bl e it
FELUK ARSI RNASE M, MIRNA-80 °CHREAF S

1.2 GHAEIMSTNEE £ KA = &

HR 4% GenBank ' £ 3 2 SF P 51 11 IE
LI 51 ¥ MSTNSFIMSTN3(# 1), #%TaKaRa RNA
PCR Kit (AMV)Ver.3.0(TaKaRa, K i% )i B 45 i
F7 YT S LA ENRNA S 5%, 718 MSTN ¢cDNA
WAFH . TECHAFRE T A 1113 -RACE
M5 -RACERFE R GI M (1), #EAT3 FI5 K iy
/N

3’-RACE##lB3'-Full RACE Core Set Ver2.0
(TaKaRa, JGE)UWiHI 4547, 5'-RACEdFE: H
MSTN 5'-out JcDNASE —4% 5 4lifk 5 i Poly
AR, ddHO B 520 °CHRAF; MSTN 5'-out .
5'0lig(T)-Adaptori#f 1745 — 4 PCRY 1, W) #i
B:50f%)5, S'RACE Adaptor. MSTN 5'-inift47 &1
X PCRY 1%, PCRY M4 =H Il alifh . % ek bk
T PR T B % T A T AR A BRA /1

1.3 FFHIXSEE 54

WP 45 3 5 MSTN cDNA [ )3 51 9 17 B
He, PHER 2K 5 1 BlastnFE ¥ 47 [A) A L

®1 ZEPHARSY
Tab.1 Primers used in the study

514 JF51(5'—3") g
primer sequence usage
MSTN 5 5'-AGATATAACGGCGCACCAGCAG-3' i)y BE R partial sequence PCR
MSTN 3 5-GAGCAATAATCCAGTCCCAGCC-3'
MSTN 3'-in 5-ACTTCGGCTGGGACTGGATTATTGC-3' 3 3~ RACE PCR
MSTN 3'-out 5-CTGGATTGGACTGCGACGAGAA-3'
3'race inner CGCGGATCCTCCACTAGTGATTTCACTATAGG

3'race outer

TACCGTCGTTCCACTAGTGATTT

MSTN 5'-in 5-GCTGCTGGTGCGCCGTTATATCT-3' S 5~ RACE PCR
MSTN 5'-out 5-GAATTTGGGACTTGATGGCATGCAG-3'

5'0lig(T)-Adaptor 5-GACTCGAGTCGACATCGATTTTTTTTTTTTTTTTT-3'

S'RACE Adaptor 5-GACTCGAGTCGACATCGA-3'

MSTNgF 5-GCAGAGGAAAGCGAGCAGTG-3' PWE R qRT-PCR
MSTNgR 5 TTGGAGCCTGTTTGAGTCGG-3'

B-actinF 5" ACCATCTACCCCGGTATTGC-3' WHHEE  housekeeping gene
B-actinR 5" TGGAAGGTGGACAGGGAAGC-3'
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X} (http://blast.ncbi.nlm.nih.gov/), ExPASyFE ¥
(http://www.expasy.ch/tools/) 5 H: I Jif 5] 12 HE Fi
Ui i 2 FE R P B 15 L o Clustal X2R2 [ i 17 & HE R
[l P4 FE X, SMARTHCPE I T4 F B4 #4358 73
Hr (http://smart.embl-heidelberg.de/). MEGA6.0% 14
DA M R G LR

1.4 SEEfEEPCRSHTETHIMSTNAY 2H 20 4%

A B 58 B Y T 8 MS TN 1K 7 91l 153 %¢
J65E B Y MSTNgFFIMSTNgR (1), LLB-actin
W Z I (#1), Prime Script™ RT Master Mix Al
SYBR Premix Ex Taq™ (TaKaRa, Ki%)i#17qRT-
PCR, WM Z (20 uL): SYBRIO pL, L. Fif
51¥%0.5 uL, cDNA#AR2 uL, ddH,0 7.2 uL;
R FER : 94 °CHiZAE 2 min; 94 °C 10s, 60 °C
15s, 72°C20s, L40PMEIF. B MREA B E I
A, R M LI R A MSTNAR X 35
4, Excel. SPSS16.0%{4One-Way ANOVA%; it
Ay MRS ERE , #E4FLSDMI Duncanf% AL, 455
FHAV S {45 #E 1% (mean+SE) £ 7 .

2 4

2.1 GHAHIMSTNE EcDNAE KM EEEF
553 ¥

F S RE AN 2T . PEE, A5 AR WR R
B MSTNIE PR cDNA 4> £K:2094 bp, Hirh 5 JE 4 i [X.
K86 bp, 3R X K880 bp, ZA%IX K 1128 bp,
{5 AATAAM AV L S 2 0 FIMAG S, JLEE
375 E IR (K1), S ExPASyFEFE 7 #r ik 7s Tl
MSTNZ iR 7 51 i 224~ 2 5 iR 7% 2k 21 W5 5
Jik, PIEIAL S AEGly2245 Asp23 2 6] s FEAE—A K
47K fi# 437 55 RIRR (263~266), Cifis 4= 4% 7k X &
O PRAF I e A R AR &L, Al FEE 272
281, 282, 309, 313, 339, 340, 372MI37401 %
IR, HASHE A N614, TR 4189 ku,
SMART/ T & FE R 79 R, T EIMSTN & A
24 LR () TGF-PAE H 45 M 18 . TGE-Bi Ak i
(34~256)FI TGF-B& 14 155 (281~375)(IK 1)
2.2 GHIMHIMSTNREIRMEE N REB RS H K
SEkE

F FH Clustalx K {41 H ] S MS TN & 5E 12 ¥
IS5 H ., R H ., 99 H . 65 H . #IE

H K L3 ¥ I MSTNZ I TR AT LU XS (R2) ., 45
RUoR, HITEIMSTNAE 5 BR 8T U107 45 5 2 MY
HAh M 2EMSTNER [ 3EA —3, Syt
BAECGH18~1901), 5 A M Z S MSTNAH
W, JHITEIMS TNAE TGF- BRI JIK 55 F TGF-B4s #4 15,
2 ) 77 16 A% 57 B9 RXRRZE M 7K i 7 45 (K 2) .
Blastht X 45 R g r , LM EIMS TN 8 AH {13 %
F1(98%), S HMSTN-1F 51 AH L ¥4 78
94%LL I+, SMSTN-2HH 1L} 62%~68% . HHE
T 0 A AN A ) b [M] MS TN - 148 735 19 — 20k
(73%~98%), HSWFLAW A . /N EEE AL
BAK, H60%~67%. FIHMEGA6.0%K {4 &
HARGHW(E3), SR ER, WS a
P LG Al N7 B HE A4y S, BURTEIMS TN 56
SR 3, R R EAREERMG S, 5 Clustalx
ZER ., MEARMLSEMELSIYE —
WA, TR EA A5 R FTEIER,
g i — A4 A T T B MS TN P, AR BIF 9% 1 i
Z A~ JEMSTN G % B 03 647 S SR T 5] L Xt
RY kB, B EIMSTN 5 #MSTN-1b% %
Rl —3Z, BTN v B M MSTN AT 8 Ky
MSTN-1%1

2.3 GHIAHIMSTNAVZA LA FNBT S 45 B4 Rk

qQRT-PCRAGIM &5 5 Bx , BLITHEPAMSTN mRNA
JUPAE T ARG ik, i rh 3R 8 i
#(P<0.05), HWHNLA . FFUE. SERUEHE, B
T8 Ik B AR (E14) . T EIE IR RUIR S & B
A Be XK B MSTN mRNA) F ik, 2K b
FRE R Rk R s, HUCH R, fh 4
RS RN S MSTNZR iR B 3K, BEEMIR AT
{347, 20 dph (day post hatching, 55 K%0).
40 dph MSTNZ ik it 53 il J2 i 28 IR 191 19 8. 504 F11
9615, ML RN P MSTNZF A Bt de i, 49N
P2 IR Y 31565 (81 5)

3 itie

A58 FHRACEJ7 5 B Uk 5 [ 15 3] VL T )
MSTNSE 4 K7 51, H g it 1 28 11 00 N o L
A Wb T A5 S BRF 31 . R F K 47 5 RIRR
MO RS e E M sk %, SHAMYFHMSTNA
AR RIEM: TSR B, T EIMSTN
5 KB U e B K R AL R RO 5 Rl 2R A
], VIEIN S 47EGly22 1 Asp23 2 6], 2 JBiHE
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1 tctacttgteeggtgegtggtgacgttecatttecatagecaaatecagagecaaacategecaaacatectttageteg
76 ctttggaacATGCATTTTACACAGGTTTTAATTTCTCTAAGTGTATTAATTGCATGCGGTTCAGTGGGTCATGGA
1 M H F T Q VvV L I 8 L 8§ V L I A C G s V G H G
1 5 1 GATATAACGGCGCACCAGCAGCCTTCCACAGCCGCAGAGGAAAGCGAGCAGTGCTCCACATGTGAGTTCAGACAA
23 D I T AHGQQZPSTA A® AETESTSTET QT CSTTCETFTRQ
226 CACAGCAAGCTGATGAGACTGCATGCCATCAAGTCCCAAATTCTTAGCAAACTCCGACTCAAACAGGCTCCAAAC
48 H S KL MRTULUHATITZ KSTG QTITLSZ KTULTZ RTILTZEKGQATPN
3 0 1 ATCAGCCGGGACGTGGTCAAGCAGCTGTTACCCAAAGCACCGCCTTTGCAGCAACTTCTGGATCAGTACGATGTT
73 I S RDV YV XK QULTUILZPZ KA ATPZPTILIQOQTILTILDQ ¥ D V
3 7 6 CTGGGGGATGACAGTAAGGATGGAGCTGTGGAAGACGATGATGAACATATCACCACAGAGACCATTATGACCATG
98 L ¢ D DS KD GAVETDT DT DTETEHTITTTETTIMTM
45 1 GCCACAGAGCCTGACCCCATCGTTCAAGTAGATCGGAAACCGACGTGTTGTTTTTTCTCCTTCAGTCCGAAGATC
123 A T EPD P I V Q VDRIEKZ PTTCTC CTFTFSTF S P KI
526 CAAGCGAACCGGATCGTAAGAGCGCAGCTGTGGGTTCATCTGGGACCCGCGGAAGAAGCGACCACCGTCTTCTTA
148 Q A N R I VR A QL WV HL G PAZETEA ATTV F L
60 1 CAGATATCACGGCTGACGCCCGTCGCGGACGGAGGAAGGCACATACGAATACGATCTTTGAAGATCGATGTGAAC
173 Q I S R L T PV A DG G RIHTIU RTII®RSTULI KTIUDUVN
676 GCAGGAGTGATGTCTTGGCAGAGTATAGACGTAAAACAGGTGCTGACGGTGTGGTTAAGACAACCGGGGACCAAC
198 A GV M S W Q S I DV KV LTV YVWILT®RGQZPGT N
75 1 TGGGGCATTGAGATAAACGCGTATGACGCGAAGGGAAACGACTTGGCCGTCACCTCAGCTGAGCCCGGAGAGGAT
223 W 6 I E I N A Y DAZ KGN NUDTULA AV T S A E P G E D
8 2 6 GGACTGCTCCCCTTCACGGAGGTGAAAATTTCAGAGGGCCCAAAGCGAATCCGGAGGGACTCTGGATTGGACTGC
248 G L L PF TEVIZ XKTISETGTPZ KT RTIT®RTRTDSGEGTL DI[C|
90 1 GACGAGAATTCATCAGAGTCTCGATGCTGCCGGTACCCTCTCACTGTGGACTTCGAGGACTTCGGCTGGGACTGG
273 DENSJSSTES ST RI|[C CJRY PLTJVDTFTETDTFTGTWTDTW
976 ATTATTGCTCCAAAACGCTATAAGGCGAATTACTGTTCGGGAGAATGCGACTACATGCACCTGCAGAAATATCCC
298 I I A P KR Y KAN Y|[C]s ¢ E[C/]D Y M HL Q K Y P
1 0 5 1 CACACCCATCTGGTGAACAAGGCCAATCCACGAGGCACCGCCGGGCCCTGCTGCACCCCCACCAAGATGTCTCCC
323 B T HLV NZ KA ANT PRTGTA AGT PI[CCTPTTZ KHMS S P
1 1 2 6 ATCAACATGCTTTACTTCAACGGCAAAGAGCAGATCATCTACGGCAAGATCCCCTCAATGGTAGTAGACCGCTGT
348 I N ML Y FNGZEXKTET GQTITIZTYGZ KTITPSMV VUV D RI[C]
]2() 1 GGCTGCTCGTGAaccagtgecccagecaggactegatecgtetcacagacececggacatetgatcacacecateecace
373 G s
—

1276 atccactatcagtgetttecegecaagacactgtgecaatagaaggacgetcactcactetetgggecacegettecatt
1351 tgactatgtttttttgtecattttectectaaatcagtatetetgecacaggagtecaacgttacgtggatgtacta
]426 aaggaacgtcatatactggctggacttgggaatggacacttttgaaatggacgacattctctgetttatttcatg
1501 ttttcaccttgtcagaatactctecattaggatacacatgtattatgecagecactecaaaatacagtecatttaggt
1 576 ctttgctgtaacagetgagettgtttaagaagagtatccaagagaaacagagagggactcttgaacactgaacag
1651 agcttgaatacagttatctgacgcaaacttccacatacactgcaataaacacactgatcaaattggtaategtag
1 726 ctttegtecactactcatetgtecaaacagecctacacacttgaagtattattgagategacattaggggacagaa
1801 ggacttgaagcaaaggcactgtgaaggeggtecacacategaaatgtgttegagacagagacgteggaactgtaa
1876 gaatgaatgttaatatcacgctaacactcectgtettecaaaccacacagtttgecactatggecagaccaatagaaaga
1 95 1 attggttgctaaaaatgttgtaaaaactgattttgatatatttgetaattgtattgtatacttgecattgtttee
2026 attaacagttgccttttttaacaacggttagtacatgtatatgaacacgaaatagcaaaaaaaaaaa

B 1 GHASMSTNEE FHIF S £ 55
L N RIS P 2 5 S IR A SRR IR0 3 50 0 B K AR AL 65 AL CHE - BEC GRS I P DR R IR Ak A s AN SR 8 T
LR 53 3 5 53 53 4 TGF-BHi KIS AN TGF-BE5 Ik s+ & 1B 3% 8% 1
Fig. 1 Nucleotide sequence and putative amino acid sequence of MSTN in C. auratus

The letters with red and black underline are the sequences of signal peptide and conservative hydrolytic site, respectively; the letters Cs with red box are
9 conservative cysteine residues; the blue and green underlined letters respectively were the conserved domain of TGF-f propeptide and TGF-f; asterisk
indicated the stop codon (TGA)

i {5 oM “RIRR”, A FHEIEH . #5998 H
P 22 3 0 Z R, 81T H MSTNER 1 /K 437 45
BARSE . MSTN'5 TGF-B# 5% 1t HoAth ) 51 —FF
Fe i MK METAE S, PIBRESIKE, 7ERXRR
17 A8 7K A T TR 7R AH G R AN IR L Bt S T
MR E S YIRENA AR, 89 A5 K5
DRI 1K A 7 s 0 s B DR S, DA T 2 ke
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1 M5, S5 JHTEIIL P A A I 3R N Y v pE 5 Rk 15
T2 HAHEIMSTNE EER 5 5 b 3t Fn
REGHAKETBYMER
Tab.2 Species data for multiple alignment and phylogenetic analysis for MSTN of C. auratus
5 L/ TR F5 Wkh TR
no. species accession no. no. species accession no.
1 B C. auratus mstn AGR44669.1 30 1elys  Lateolabrax japonicus mstn AAX82169.1
2 il C. auratus mstn AGKS84718.1 31 KHEEELHN 1. fircatus mstn AAS48403.1
3 P tE T Labeo rohita mstn AKF02410.1 32 Rl b e Poecilia formosa mstnl ENSPFOP00000012179
4 i C. carpio mstnla ACYO01745.1 33 Fil b fE i P. formosa mstn2 ENSPFOP00000005059
5 il C. carpio mstnlb ACY01746.1 34 KPS Gadus morhua mstnl ENSGMOP00000013522
6 i C. carpio mstn2a ACY01747.1 35 VTR Astyanax mexicanus mstnl XP_007253308
7 i C. carpio mstn2b ACY01748.1 36 VTR 4. mexicanus mstn2 ENSAMXP00000014198
8 HREE  Procypris rabaudi mstn ADD71155.1 37 T Oryzias laticeps mstnl NP_001188428.1
9 ik E. bambusa mstn ADK94456.1 38 1EPES| 2t Xiphophorus maculatus mstnl ENSXMAP00000006421
10 5405 Megalobrama pellegrini mstn  ADD71156.1 39 P2t X maculatus mstn2 ENSXMAP00000001644
11 A il Gobiocypris rarus mstn ACK76230.1 40 NRBEEHE  Lepisosteus oculatus mstnl ENSLOCP00000010736
12 BEHyfa D rerio mstnl AAP85526.1 41 —Hilfh  Gasterosteus aculeatus mstnl ENSGACP00000003445
13 PEy 4 D. rerio mstn2 AAT77805.1 42 =il G. aculeatus mstn2 ENSGACP00000020558
14 WA C. idella mstnl AJF48833.1 43 W54kl Tetraodon nigroviridis mstnl ENSTNIP00000018789
15 WL O. mykiss mstnla AAZ85121.1 44 W54kt T nigroviridis mstn2 ENSTNIP00000020296
16 W6 O. mykiss mstnlb ABA42586.1 45 JeH B e Oreochromis niloticus mstnl  ENSONIP00000009034
17 WL O. mykiss mstn2a ABA42587.1 46 Je®WHEM  O. niloticus mstn2 ENSONIP00000015357
18 UTHY 0. mykiss mstn2b (partial) ABB72461.1 47 Wit Thymallus thymilus mstn2a AFK82287.1
19 LR Morone saxatilis mstn AF290910 1 48 JbMeinifa T arcticus mstn2a AFK82286.1
20 FHF  P. olivaceus mstn ABK91834.1 49 WS UL Argopecten irradians AAT36326.1
21 BEW  Siniperca scherzeri mstn AEW22728.1 50 P¥H%  Sus scrofa mstn AEP13978.1
22 FEZ TP 0. mossambicus mstn AAK28706.1 51 N Homo sapiens mstn AAH74757.2
23 SHRIRET M. chrysops mstn AF197194_1 52 WMk Papio hamadryas mstn AAB86686.1
24 43k Sparus aurata mstn AAKS3544.1 53 = Bos taurus mstn AFN44374.1
25 fif  S.salar mstnla ABN72586.1 54 e B. grunniens mstn AE020321.1
26 fit . salar mstnlb CAC59700.1 55 ¥, Rattus norvegicus mstn AABB86691.1
27 iz S. salar mstn2a AFK82284.1 56 452 Ovis aries mstn CAQ52586.1
28 ZIME Rl Takifugu rubripes mstnl ~ NP_001027843.1 57 \I=E  Capra aegagrus hircus mstn AEG76961.1
29 ZIEEAR T T rubripes mstn2 NP_001027844.1 58 NE Mus musculus mstn AAI05675.1

YR YR T PIFIE B MSTN . T ve e 1Y)

T EIMSTN R Gttt AL At S il s H 5 #EMSTN1-b

BIARIT, FF5 HABAZEMSTN-1R — K,

U HE I L AT B O SO EIMSTN- 18, 5250 R g

W4 MSTN-2RUSE R P31, LT 75 77 A2 MSTN-2

WA i — A5

St Xl W L Bl W (R A DGR SE R R, MSTN = %2
S EIP R R, T HEMSTNAFTE 2457
Z R IE A TR 3 A0 B 4 3 3k 7K S Fl 4 A
HRAFAE 25 5, MSTN-2U 58 H A A6 I AL A v 2
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Fig. 3 Phylogenetic tree based on the amino acid sequences of MSTN among species

The length of the phylogenetic tree identified the genetic distance, and the MSTN of C. auratus was marked by the black spot
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Molecular cloning and expression analysis of myostatin gene in
Carassius auratus in Qihe River

TIAN Xue ', WANG Liangyan', LIU Yangyang’, HU Cancan ',
PANG Xiaolei', WU Limin', LI Xuejun"
(1. College of Fisheries, Henan Normal University, Engineering Technology Reasearch Center of
Henan Province for Aquatic Animal Cultivation, Xinxiang 453007, China;
2. Department of Medicine, Zhoukou Science and Technology Vocational College, Zhoukou 466000, China)

Abstract: Myostatin (MSTN) is a negative regulatory factor in animal muscle development and growth. In order to
identify the sequence information and the function of Carassius auratus MSTN in the process of muscle
development, rapid amplification of cDNA ends (RACE) and real time PCR were used to clone the full length
c¢DNA sequence and analyse the expression level of MSTN in embryonic development stages and different tissues.
The results showed that the full length cDNA of MSTN was 2094 bp (no. KC851952.1), including 86bp at 5'-UTR,
880 bp at 3'-UTR, and a 1128 bp open reading frame encoded a peptide of 375 amino acids. The putative peptide
contained a 22 amino acids signal peptide, a TGF-p propeptide domain (34-256), a TGF-B domain (281-375), a
conserved RIRR proteolytic processing site and 9 conserved cysteine residues in the C-terminal of the protein.
Multiple sequence comparison indicated that the MSTN of Carassius auratus has high similarity with
cypriniformes species, while has low similarity with mammalian and bird. The phylogenetic analysis also showed
that the crucian carp MSTN has close relationship with cypriniformes species like Carassius carassius, Cyprinus
carpio and Labeo rohita. Real time PCR results showed that MSTN mRNA was checked in eight different tissues
of crucian carp, among which the maximum level was detected in brain, followed by muscle and liver, the
minimum level was displayed in intestine. In addition, the MSTN was also confirmed to express at every stage of
embryogenesis, in which the highest level was found at fertilized eggs, followed by blastula and the lowest level
was detected at neurula. Thus, the MSTN gene was speculated to have relation with crucian carp muscle

development and growth, and might play an important role in the " double dorsal muscle" formation.
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