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WE 2 & %5 (Cynoglossus semilaevis) £ K B AW R WA A, ERAMEAEL Z 5 TH#
., BAEALA R E B 40%~60%, ALA A KEEKEREZS, T myostatin (mstn)FE FH 2 JLA 4
KAFWOREEET, dRMaety gL aisERl., AARXEERENALE KL FTIRES,

mstn FEEAEF G EHYE EENHERAEXAZL G, et KEZRNXE, EREF, £/

Meg 1@ 85 9 NALF, mstn £ LA P KA

ExE. TRRAFHANNMAARE

EERET,

1 Fn 2 Wi PRk BB E® T #(P<0.05), MAEXRML e, s, oA hkkE
THRERFEZR, ROULKERL T, msm 5 F R0 E AU 430 %, B AL 40 Jo 36 78 0 1

Mg, AXRARHATMAEKLFT N FREET msm E4 B EHM, o PR

EHERX,

KRN G AR E R, A f kK E R0 R E KNS RET S,

KA

FESES S9174  XEERIRFE A

WL A K i K (myostatin, mstn) XFR GDF-8, 4
i A K - (TGF-B) M 5 19 1 0 2 — (TR 55 4%,
2008), ITAEN, KT mstn BIWFIE EEE D TIHH
B (BhHLHE, 2007) KRBT L RNA THL(E
&, 2020 . A M AR, AKX
mstn S RTEME I 0 AR K 22 S R A B I RIF S AT
1B o mstm FEPRUZ LA AE KL B AR T, XL

U E; myostating LA A KK FH; qRCR; FEALFE K
XEHS 2095-9869(2022)05-0160-08

LA R G T8 A T RE T , I BE R sl il 2 #EL
[ R A4 N (Thomas et al, 2000), 76/ F(Mus musculus)
HARBR mstn 1T 5 B WILIE N 2~3 £%(Grobet et al, 2003;
McPherron et al, 1997). ¥t fa(Brachydanio rerio)H
UUER msem FE AT DL S BONLAF 4 $at . IR BLE Im
(Acosta et al, 2005; Amali et al, 2004); mstn FEDH FER
W 25 8F (Paralichthys olivaceus) & B AR IE S I AAILEF
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BRI IN(Kim et al, 2019).

A HESh Y B9 LA A 20 o BRE M AR K SRR &
AR o TN FLSh A e, JILER 4k A0 B0 7E AR
HRBEER, AR, NIAARK FERETE AL
AEARFRA 3G R, Sy A (1 B E P A4 K (Choi et al,
2014), A WA e A R KRS R A . WLER
AE3G A A K SO R A X T AR 2 AR K B TR G T
11 R ZE A (De Almeida et al, 2008), /MK
grig s, Wk, E R O A WA 4R TR
Y38 T AN 28 B LR 428 B, i R (A K T 7Y
Yofd, WFEF, BRARMUT ILLF RS R 2R K, WA T
A EAE A K (Lee et al, 2019),

¥ 5 85 (Cynoglossus  semilaevis) h 125 25 11 5T
AT . W g Rk, Wzl hEEE, 23
[ B MK FRAEN B o 2R S AR KO R A
BT 198 1 o SO W9 L NN B T Y P i
) 2~4 fi5(Chen et al, 2014), Mffa Ry i 4 HobfEfa A K
Pe? mstn FEDITEME M0 2R 2% S b R 5 AR T2
A W3 4 i) BT T 2 P a5t 12 0 R R SR A Y ke
HAAEEE L, RERE S msm SRR EC S
A I HGE B ERE, 2007), {HA 205 85 mstn FEH
T W F10 R £ rp ) 3Rk 25 S O S AR AR K OCR I
WEFE i A WA

HRTE msm FEH 5P EHERKFHLR,
V) P M | £ AR K25 S A HLR AR SE
PEBCE M TSR M. . B PERR . BRI
i FTILIA 9 AL LA AR K B IR LA ZH 21, %
M qPCR Jrik . HEWII R Ye(a L R J5 4 58 07 ik, %t
Vg T S Rt msen 1 FRIARE R R Rk 22 5
BT R G

1 #REH®
1.1 ##

AHIE AT FH 2 SRR A L 7R A I BE T T K
FEVFIE TSI S b . BEALIEER 1 042 0 5 S | i
%6, WHF. M. M. B, MERR. B8 ONE. REFN
WL H 2, A T A a5 o AR BT
HIME ., MEfass 6 B, 40 d [HEfa{RTE $(0.35+0.08) g,
WE f8 4K O (0.34+0.09) g] . 60 d [tk & K
(0.74+0.18) g, MfEf{ARTE $7(0.69+0.17) g]. 120 d [#fE
fi AT 4(2.76+0.64) g, MDA H(2.55+0.76 g)].
180 d [MEfa 1Ak & K (17.40£7.30) g, Wik & N
(22.40+8.30) g]. 1y [MEfn{K e H(82.10£15.20) g, M
oA 4 (376.70+39.30) g] . 2 y [MEMAE M (207.62+
33.65) g, MEMARE A (1 805.00+275.30) g]. B4 K

RIFTFMARAL, 5 FRA T H R 4% 2R
i (PFA) [ 8 IR AE o BUEE S5 IR A7 T 0K Sl
12 SI¥ngitREK

WY mstn mRNA J¥ 51 1 2 75 5 35 DR 21 K64
(GCA_000525025.1)i% 11549, LA B-actin ER qPCR
MNSIEEEH, 51 A 03 1, 519 At & R
YA BRA 7 A

x1 593

Tab.1 The sequence of primers

5|#) Primer JF%1 Sequence (5'~3")

scaffold68-2-F CCTAAATGATGGATGTAGATTCTGTC
scaffold68-2-R  GATCCAGAGAAAATAAACCCAGG

mstn-F ATGCAGCCGTCTCCTGTCCCG
mstn-R TCAGGAGCAGCCGCAGCGGTC
mstn-QF CTCCGCTCCCTTTATGGTT
mstn-QR GGATTAATGTCGCGCTCTCAC
mstn-1ISHF CAACGCCATCAAATCCCA
mstn-ISHR TGCTCCTGGTGGTTGAAGTAG
p-actin-F TTCCAGCCTTCCTTCCTT
p-actin-R TACCTCCAGACAGCACAG

1.3 E[FZH DNA IREURBEEEHIEE

FEH 2] DNA H9#EH3% 8 TIANamp marine animals
DNA kit 77 £ (TIANGEN) UL B 15 5847, i H8 fc i
A2 A I SN B i A e JC L VKA DINAL 174 e J3E R Jt
o SRAXIFEAE(2014) T & 046 i vk v B4 A ic 5
Y scaffold68-2-F/R i#£4F PCR J5 HL VKK, T2
T SR AL PR S5 5 o

1.4 5 RNA REXE cDNA &

¥ B8 TRIzol(Invitrogen)E R B A B RNA,
K 0.8% 3 iR W M P, PR RIS e A% TR A 0 4S5
RNA 1 5 i MUk B . cDNA 55 — % 1) & 1 i 1]
PrimeScript™ RT reagent kit with gDNA easer (Perfect
Real Time)(TaKaRa)Vi B 53547

1.5 mstn FFFILEIE

PL 1.4 H % B WL ZHE cDNA AR . mstn-F/R
J51%, #E47 PCR ¥4, PCR WP : 95°CHiAs
P 3 min; 95°C7Z5PE 30 s, 60°CIEk 30 s, 72°CHEff
90s, 34 MEH; 72°CLEM 5 min, 4CLRFF. PCR ™
YOI MR 4Eifb J5 %3 pEASY-T1 #Hik(&e\4e4
Y I 5 Ak = KW KT 1 (Escherichia coli) &% 25411 )i
DHSa. ik B va B % B b st B R A B IR
BN, B 245 5 5 R AL Bl A T X 4T
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1.6 LRI E= PCR

S} 9 9% % 7 PCR (qRT-PCR) fE 7500 Fast
Real-time PCR ¥ [ 347, qPCR /A% %M TB Green®
Premix Ex Tag™ (Tli RNaseH Plus) (TaKaRa)idHH 45,
PR . 95 CHUEYE 5 min; 95°CAEME 5s, 60°CiR
K 34s, 40 NMER; ZIE AT 2 AT .

1.7 A%

BT RN Y 4% B I (PFA) [ € A 20
F24hJ5, H 75%LFEN K (Zhang et al, 2014), iR
DUEEYE IR A R A BR A ®l iR AT V) R il 4 o T THRET
GG, SP6 Fl T7 Ja ghF ¥ 51 4 B INTE iE 01514
MG 5. DILAZIZT cDNA AR,
mstn-ISHF/R N5 #1347 PCR 34, Ffi)J5%F PCR f=
WA T I, L REAR E . DA I A )
PCR 4lifb ™= It , = RE [R5 &
(Roche Diagnostics GmbH, 7 &) 45 4F 15 B 17 Hb
FEPRICREN AR, I G (Sigma)#E T 4lifk,
A AL R I R B 5 T80 C AR AT o TR A 258 Ak 4
TS Xu S5016) 75,

1.8 HIBZiTAbIE

SKRA 2 MR AT Rk R, OB R AR
PIE AR 1E 2 (Mean+SD) /R . ffi i SPSS #1141 i B
K& J5 2243 Hr (one-way ANOVAYHI ¢ KB 1722 F
EK Y, B EIKE R P<0.05, {1 Prism HEERE

2 H#R

21 mstn EESAAMRNERRIX

1218 5 5 9 AL mstn 1) QPCR 45 IR,
mstn SEHRTENLR T FRIR TR S o msm EHEAILA
A R, YOS AE SLR ; e b, FEATLPI ARG
T Feab it i T A 25 T AR R A HT R
WoR, mstn FREAAN, . B MER. RAILAZH
LUAAFAE . 3 22 59(P<0.05), TITEJHIE . BEALOIEZHE
R RIK AT B E 22 ).

22 mstn BEEEM. EEAFERLZEHRAAF

FEME | AN A R B ], msen FERFENLA
H R ARSI 2 TR . SRR, 1y M2y i,
MEAR 2 R AF7E 22 53 363K (P<0.05), M4 JULIA i A 22k
KO- TR LA, TAE 40, 60, 120 F1 180 d
W 2 ] B B R K ANAE TR B 35 25 57 (P>0.05) .
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Fig.1 Relative expression level of mstn gene in tissues of
different gender of Chinese tongue sole

*FORETE B 22 7(P<0.05), Tl
Asterisks indicate significant differences (P<0.05).
The same as below.
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Fig.2 Relative expression level of mstn gene in muscle of
Chinese tongue sole at different development stages

23 i, HEEREAEARMNANRNTENES
FIE

4 ASIFIE] (40 60, 120 1 180 d)R LA ZH 214
F il 2 B WSR2 AN 3 B, WLETR 2 A i A v 22 B
ANF A 22 AR ER R, AR F 8 . WLET 45
EROR, HJEBaA %A,

24 mstn EEAFEBEEZEARFRBEAANRA$RED
JR i 2% 32 53 4

FIFH A LAY RNA #41%F 60d.120d . 180 d Al 1y
TR M . M LR D) R AT IR A 5SS AR AN E]
4 R, R XHEAENRAL NIRRT, mstn
BN E AL R th 2, (7 T 4Ez i), RP
[ B 7 N R A DR A R & 7 X3 0 e/ R =
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Fig.3 Cross section diagram of muscle fibers of Chinese tongue sole at different developmental stages

a: 40 d Mift; b, 40d MEff; c. 60d Mifa; d. 60 d Mifha;
e: 120d Mifi; £, 120d Mift; g. 180 d HEfti; h: 180 d Mt

a: Male fish at 40 d; b: Female fish at 40 d; ¢c: Male fish at 60 d; d: Female fish at 60 d;
e: Male fish at 120 d; f: Female fish at 120 d; g: Male fish at 180 d; h: Female fish at 180 d

3 g
3.1 mstn BEE BB LR RIEFE

LM mstm FEN O, HFRIKILFEN
A HLP PRI S AT AE i B8R 9 gk
PR 2] msem FERARE, HENRNHAL N RE
e A 2, A LR A 2 Y 3R 1 v T L
FETERE S, PG e e AN msm 5
KR IABARIA], M LRI R b R, HIK
SEAG BURN G ZH 2L 5 T £ JUL PR G 2 ) ek T
HAMLH LY, FE KA (Mastacembelus armatus)i i £,
mstn TEWLA TR IA B ey, HUOIR . PR AL
JE, Rk AR (PP AR T SE, 2020)0 mstn TEH Sk
5 (Megalobrama amblycephala) o, HLA . ikl
KR A R 3Rk, BN . U A on v b 3k
IK(FE AT A, 2017) . ZEBLRIE( Carassius auratus) ik
AR FRIR R m, HUCHILA . FFIE . BEFEE,
IR B RAR(HEEE, 2017), mstn 7E 165 (Coilia
nasus) LA R 2 = 323k, 88 . 9. B, Bk
B R i R IR (FEE TEAE, 2014), SAHFR 4 KA
L, mstn ZEALA . WGrhRBKPH . HLAh, TEZFD
R EI T msm FERBWAL, W8E(Oncorhynchus
mykiss) T 2 P DB ) SRR AR, ATis
| 94% (Ostbye et al, 2001), BEh 8 FFAFAE mstn-1
mstn-2 PIASEARY, JER P S b B, 2 N
HETE 225 (Kerr et al, 2005), mstn TEf02E A R4y
]z oA OB AEAE R mstn MUS SRR A

KEBME, BREESMERELRIERENER
*H?‘éo
3.2 mstn B EH = RIZ4FAE

mstn FEPE LA A K & & TR 1) i i 7
T £ 52 SR A0 S 0 S EAE R IR T GEE BT, 2011),
AW 60 d. 120 d, 180 d Al 1y ALIAZH LI
FIEAL AR A WA, 21 5 mstn FEDR R FRR N7
BB T AT HE %%, WIS UL i 3 78 o6 6 437
B o EVFIRFEfil(Sebastes schlegelii)F, YE RN
KERFHEBEEREIN, myodls HIF500 B AEN
UMY, TGz 0, Btz s, kM
100 d UL ZHZU P Y22 3% myod 1s Fe X B9 4 Mo %k H @ 3%
T 180 d, FMFENELIE 100 d LN HA H =
(1S 58 oL RE ) (FLFEAR 5%, 2021),

33 mstn EEREGH, HEEERERNXR

0 25 M A MEAE B SR S b A TR, EAT M
25 R B W 3R T A A T R SR(ZRAH L, 2009);
77 7 e £ ) S LU A R R 5, B = i
(Silurus lanzhouensis)(fTJE G, 2016) A1 Je % & 4k 4
(Oreochromis niloticus)(R &%, 2012)5% . = MY mstn
FEHRTENR AL PR E e, Al THia, 1
O T A A ) 22 S AN B 3 . A LR E TR F (myogenic
determination gene, myod)5 myogenin (myog)sZ LA
ARKEENEZIERERER, ZENRIE S R E
DeE PEVE R, 76 22 N fif UL IR 20 20 (R R G 3R 36 o I £
re T AR, LR AR ) 22 S B (AT IR, 2016)
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Bl 4 mstn FENFEA A58 25 1

In situ hybridization of mstn in different days

Fig.4

a: 60 dHif; b: 60 dMEfh; c: 120d MEf; d: 120 d Miffi; e: 180 d MEff; f: 180 d Mfifn;
A B 2 GRS SCIREH ARSI T A L Bk IE SUIREF AL

g: lylfEfa; h: 1y#ffa

PR LA, v ) S SCHRBE 2 32 45 3R DAy 70 B8 RCRAE DX

a: 60 d male; b: 60 d female; c: 120 d male; d: 120 d female; e: 180 d male; f: 180 d female; g: 1 y male; h: 1 y female.
Each subplot composed of two antisense probe hybridization results and one justice probe hybridization results. The middle
antisense probe hybridization result was the zoom box area on the left.

TEXRT - 5 SR UL R B AN [RIE) msen
FIREMNITT R, M HERALE LR 2 A
M 22 (B FEAE 25 S 3805, Hith 7 I 3 3Rk et T Wl 2%
5 N M | b A0 R AR KRB ST A R R
M BRAE S0 Hik~5 ARSI, B a2 Ak E
Tol 2R 7 AT, oA K R T £
W e Z BRE AR I B 2E S 12 HIRAT,
MR 25 i 0 18 H WA, A S 44 A R )
JEIEAY 4.9 5 (ZA L, 2009), X2 15 SR K A K
ARG, 6 HiRmE, M. Mk g
Z 5,8 A AT 35 Z ] 22 53k 21 Wl EPEAKE (R R AT,
2012), ZE LTk, P55 metn FEH L= S5
Mt Z B A A K 22 RAAFAE—E IR &, HAEME  Ififn
JUL TR ZH v 114 2 5 3 38 AT g 1t e v 7 SmlfE | £
HERZESWERRNEZZ—. 12 HidEfa B K5
TR A] B8 5 ME 0 msen Ik KF B BAR T HERAA G,

4 it

AHFFEFR AT qPCR Jrik . AL R Geta DL AL
ARAE T, R SN AR K R B R A R
mstn SPAAERK LTI, SRER, mstm T
TEME . HENLA . BRI PERRE S R 1A 2 i

BT, M LR ZLZU mstn 323k i M HLAF AR
WEES . AR R IR, mstn TR0 ETE L
A2, B SOVLAR M B A 0L B o IZIFTEAE R
Ay i — A ) W o 0 T A A 2 ARG T R S
R

& % x #
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Abstract Chinese tongue sole (Cynoglossus semilaevis) growth exhibits clear sex dimorphism, and
the weight of mature female fish is significantly greater than that of male fish. In fish, muscle accounts for
40%-60% of body weight, and muscle growth is the core growth trait. Myostatin (mstn), also known as
GDF-8, is a member of the transcriptional growth factor (TGF-B) superfamily. mstn is a negative regulator
of muscle growth and development and has an inhibitory effect on myoblast proliferation. mstn gene
deletion can lead to an increase in skeletal muscle mass. In recent years, research on the mstn gene has
primarily focused on the aspects of gene cloning, expression pattern analysis, and RNA interference.
Minimal studies have reported the differential expression of the mstn gene between male and female fish
with sex dimorphism. The aim of this study was to explore the spatiotemporal expression pattern of the
mstn gene in different sexes of Chinese tongue sole during muscle growth and development. The results
showed that mstn expression was detected in the liver, spleen, intestine, kidney, gonad, gill, heart, brain,
and muscle of 1-year-old fish, and mstn expression was the highest in muscle. The quantitative results of
muscle tissue at different developmental stages showed that the expression levels in one- and two-year-old
males were significantly higher than those in females (P<0.05), however, there was no significant
difference in expression levels between males and females in other selected stages. Tissue section staining
showed that the muscle fiber cross sections presented an irregular polygonal shape. The results of in situ
hybridization showed that mstn gene expression was found at the edge of the muscle fiber, where
myoblasts proliferate and differentiate. In this study, the spatial and temporal expression patterns of mstn
were systematically studied in different sexes of Chinese tongue sole, which provides a basis for further
studies on the growth differences between male and female Chinese tongue sole.

Key words

hybridization

Cynoglossus semilaevis; myostatin; Muscle growth and development; qPCR; in situ

D Corresponding author: CHEN Songlin, E-mail: chensl@ysfri.ac.cn



