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chAe g B BE A P90 ZE E (MSTN) [E] X RT3
HEE 3R MEIEER 2

ER&, W 8, & #, E#%k,
e, T %, TRIE
(Mg K=, ARR A 30 K K77 B 5 08 I AR A S 06 58, KPP R R G s e m o,
KR LR I 0, B 201306)

WE: WAoWMEXREXEEEIABMENE R, SBNATERE. R Fhik
KPR X A LA | R B (Es-MSTN) & 3L 5/~ SNP [ LR & Ax & B
SNP1(C/T). SNP2(C/T). SNP3(C/T). SNP4(A/G) #1 SNP5(T/G), F =tk #y 12 b 2 B A
414 (CG. TA. IT. 2T. 3T. 4A. 5T. 1C. 2C. 3C. 4G #1 5G) #47 7 # F F0 #1% A F
WHAR. #REx, RHEEARERIHIFTFERTIREZR, ICEAEA W T K
FHE, MCGRTAXEMWHZIATRM), £2RE%; ATAXHARZIATEES
TCCHEA, @t LAXEBA2NBT A FHTAELEHRAN, FTREETEAFA A
B g B F B R A (24 36, 48. 60, 72. 84, 96 A0 108h) W E R B EHF AL X £ 7,
HATARZHEAANKXFBELZEGTCCREAFA ., AR KW, 5MNEXRE A
WAL SRR Es-MSTN W T BF A A EE D, IXRT O THREAARNEEZN LY
FE Lo

KU PAEKEE, MAMHREE,; BXRE;, XEDE

hESAS:Q786; S917.4

PN TR 2 51 (single nucleotide polymorph-
ism, SNP) J& 45 78 & K 41 /K I iy B 4% 1 iR AR
S i 5 R ) B BB R Y 5 2 AN, 7R
(Homo sapiens) %5 X 240 113 i W 58 v & B, SNP
EECHE WL AN G AR S, R 100~300 4~
REXT A 1TSS, FARERZ S
90% LA B, 1E SNP By ZFh AL R rpr, [R] SO
Wi ATz, ZERA W T B 05 I

T, AU SR AN AR 2 [N g ) 1 S R TR Y 81
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MR B, A LRI ARSI Bk AR, BT LA

I 5 M 5 PR A T A8 B A Bk 2k . mRNA
HEM iR ENE . BIRACE . ERITESXE
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498 KopE o R 45 4

AR T 3 A B B A S I BB R DL e e AR
R H I GC 3 1t > 52 M 5 DX e SR J5 e SR AR 1Y)
FhZEH mRNA FEEPE. W1 Yamaguchi %1 7835
fEMAE S NS Em Rt R k8,
Be A& 52 FE R (MLHY) 1 b X 7] L5278 (543 C>T)
FEA T AT AR B R S, IR R 6 ST
(4 B S5 4 AN B 75 mRNA T4 00 T ol 15
FEOXFENE R IE S B R AR [F e
A7 i 38 I A B M i A s TR R (VIF) G i
X Y5 44 H -y [a] LGEAE (7464C>T) FEUH
44 4~ & F7F mRNA iR in Tad # b & 4 T i
B 1 Duan 45 fE AZRZEEZARILR (DDR2) H
KILT 6 R LA 15 (C132T, G423A., T765C,
C939T. C957T #l G1101A), H  C957T%E 7% fir
FOVTEE Y mRNA G5 et A: T 2, i
SRR RIAE CHO-K1 41 it v i) 2 5 1) 2 A1, i
MEER T mRNA B F . b4, Chamary 55"
Xt /N B (Mus musculus) H E 38 1) 70 4~ 3 K 1
mRNA R A5 DL S [m) SLIRAZ AT T 43+ 254 Tl
RN B, R 1 40 B, e IR () S5 A8 25 52 1) Jlg 24
mRNA 53+ R EERTE R, 1 1 52 ) LA AR Y
MY RRE P, O HLax 28 58 A8 7 g b ik 2 vt 3R
PPN A, RIMEZREREE T, TEEH
SR, BRI T8 AR I AN ek AR H g A 1) 2 3 T
JFA), ABAEAE R 2Z 0], o it 2 2 2 1) 2% 1
THHmFRER2ZS, MBA& A NEGFHEH
PRl B[R — 4 Rh, AN T) 20 21 /40 i %) %% h
TR HA 2R, [F—Y 800y A [R5 X 5% 6
FAF I df A AE 22 e U 2 SR AR S X
BT AR R AT AT, mRNARY B35 8 % )
2332 BIBRGN, YA AR 5 XTI % B - 1 tRNA
FREA R AT, mRNA B R ) 2 2 s
AN, A G AR I 2 %0 8 1 BT AT & 7 AR s )
4N Cortazzo 55 " K 41 ki jik Bk 2% WU (Echinococcus
granulosus) g N MR 45 & 1 1 JE [N (EgFABPY)
AT AL IR I R B, B 5 22, 23 Bl 24 fif
BB T R A KL R AT W) LSRR (T66G . GO9T Al
G727) & i ERFALRIAE AT EdE. Bk, [
MRARTE ST UIhe )2 I A R DI AR, AT
DA 3 5 R R 38 IR A 1) 45 A R AR T R IR Ty g 7 A
A

LA, ARSEEG X rh AR G B B (Eriocheir
sinensis) WL IR 41 il 28 3L ) (Es-MSTN) 10 58 H &
B, ZIERTE YA R A T AEAE—E ) SNP
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LM, HE AR S SNP v 5 5 R MR A7
FECIRUS SRy W5 3 B AH G [W] SLEAR A 25 X Es-
MSTN B 2R IR VA FE W, A< 52 56 W FH 5@ s 9872 |
A B Bt SR RN TR ok 3% 38 A5 R R 43T T 3k BB 67
XF Es-MSTN % s FEH PR 52, 45835 7 407 4%
TE Es-MSTN Y REHH iy M FEAE - .

U bR i

L1 SRR

HR A8 AR 52 40 2 X AL 9 B 8 2873 MEAHY
8T, KB Es-MSTN (W55 —4b 8 734 5 A
X SNP {i i : C/T (C712T). C/T (C714T). C/T
(C717T). A/G (A729G) F1 T/G (T753G) 43 %l fiy 44
4 SNPI(C/T). SNP2(C/T). SNP3(C/T). SNP4
(A/G) F1 SNP5(T/G), 5 AN s 44 i 4l 45 3k A 7
A CC/CC/CC/GG/GG Ml TT/TT/TT/AA/TT, Z&4&
LR A CT/CT/CT/AG/TG.

1.2 IRIEHFE

Wit S I &S EcoR 1 1 BamH 1 B IE
B 519y (2 1) §7 14 Es-MSTN 4t X 51, X4
A5 200 - aliAb s AT YD, 9F 5 Lk
YINT S PEAL I pEGFP-N1 2R M4 4T i 4 . #14k .
TR, B AR AR 1 BH M R 2 AR N W A
43| Es-MSTN-pEGFP-N1 i ik % 4A (& 1),

1.3 AE1EEFEE I FRIAEH R IRE

{#i ] Fast Site-Directed Mutagenesis Kit iz 5]
& [ RIRAAEHE dba) ABRAE ] i R %K
51, Xt R E A Es-MSTN-pEGFP-N1 % /it
BARIEAT SR, MRS 5 A SNP 7 515 2,
AL RS 12 A 5 28 A2 (1) Es-MSTN-pEGFP-
N1 Rk K, CGHEF A (C/C/C/G/G). TA
A (T/T/T/A/T), 1T 2 H & (T/C/C/G/G). 2T
K # (C/T/C/G/G). 3T & H A (C/C/IT/G/G). 4A %
Kl (C/C/C/A/G). ST HKH AL (C/C/C/GIT), 1C %
[KI# (C/T/T/A/T) . 2C FEHA (T/C/T/A/T), 3C A
B (T/T/C/A/T). 4G %& B (T/T/T/G/T) #1 5G %
A (T/T/T/IA/G).

14 AEIEE BRSNS RARIR IR

W1 Es-MSTN 1 pEGFP 4 it X H.1E 5
Ui & T7T RS TG (8 1), XFRTFAYAS [ L A
%1 Es-MSTN-pEGFP-N1 [ 1 ik #8017 5 9™
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414 ok, . R ARGUE R LD I 3R B (MSTN) [R] S5 A% Xof B R 7 53 R B 15 200256 1 52 i 499

x1 APARPERBG

Tab.1 Primers information used in this study

ElEY| Fr31 (53" Fig

primers sequences (5'-3") usage
T7-MSTN-F taatacgactcactataggg ATGCCGTGGAAGCGTCTGGC Es-MSTNRAMNE FAEAR & 1R
T7-MSTN-R TTAGGTGCAGCCGCAGTGATCCAC
T7-GFP-F taatacgactcactataggg ATGGTGAGCAAGGGCGAG PEGFP-N VA SN SRR & 1
T7-GFP-R TTACTTGTACAGCTCGTCCATGCC
MSTN-F AATGGCGAGTGTCCCTTCCTG Es-MSTN qRT-PCR
MSTN-R GTGGTCGTGGTCGTAGTAGAGC
GFP-F CATCCTGGTCGAGCTGGACG PEGFP qRT-PCR
GFP-R ACTTGAAGAAGTCGTGCTGCTTCA
MSTN-F1 ceggaattc ATGCCGTGGAAGCGTCTGGC I Feak M 7
MSTN-R1 gegggatccgc GGTGCAGCCGCAGTGATCCAC

Es-MSTN-pEGFP-N1
6 114bp

1 ori

1 Es-MSTN-pEGFP-N1 & #i &%
Fig.1 Map of Es-MSTN-pEGFP-N1 plasmid

W, 18320& T7 3711 T7-Es-MSTN Fl T7-pEGEP-
N1 if .

1.5 AEEEBKINER

ANTa) 5L R R Es-MSTN B #4300 ng,
[ B A 150 ng pEGFP-N1 A5 AR A Sk S i {4 2 1
XFREMA B A SN A R, 5 3 AR E A,
iR Z K AP . T7 Buffer Mix 4 uL, NTPs 6 uL
(ATP, GTP. UTP, CTP 4% 1.5 uL). T7-Es-MSTN
R 1 uL (300ng). T7-pEGFP-N1 #i# 1 pL(150ng)
T7 RNA Polymerase 2 uL, M ZE7K %M 20 pL, B
BRIV AR R T 37 °C B 3 h, R 5E RLUR

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

JIMA 1 pLDNase F 37°C /L5 DNA %z 30 min,
THA 5E UG X153 B ) F= ) ik A 738 5% 5 . qRT-PCR
E R

1.6 AEEE S 293T A0 RIX

bR AR A 5 A 9 Es-MSTN-pEGFP-N1
i Tk AR ST 293T A MU 4% Ye, Lk pEGFP-NI1
SRS BB, KR e R EA
I A B K B 70% 2 A7 1 293T 4H i 7 1k %l Al
B A 3 R . 4x10° 4~ /mL), B 7 BE 5¢ 42 5 i
LipoFiter™#% Ye i 7] [ VU A P #H 47 (1) A IR
O] T 24 FUARBEAT R g i g . SR R AR
R R T 3 AN EY A A, R R AL 3R
ik # 1A 5 pEGFP-N1 75 £ {4 19 % Yy 1 AH 4% (1 pg/
fL), #YJ5 24, 36, 48, 60, 72, 84, 96 1108 h
B0 2% 5 o B A IR B, BRI A R
YyeE A AL IR S AN LER, AR AS [R] 3k R R
Rt 15 AN,
1.7 HIELLIE

SR H 27896 1 X AR A1 e S 77 ) 1Y) e B A
FrAb 3, FCSnap A 73 B H 5T B X 28t 4
MG TR, TR R CHERE [ 52 OTSU(B)] .
12 5L PR R 2 AR 1 11504l SR pEGFP-N1 %5 ik
HESEHAT ILEAIE, 2 S Fly jamp=MSTN-
PEGFP-N1y; 115 /PEGFP-N1yz 45, 24 HAH KT
LI, 37 5 5878 X6 35 PR 3 3K #H [ T pEGFP-N1 %5
Bk EA FEER, HHENT LI, 75 R4
X 5 K 35 M He T pEGFP-N1 25 ik B A
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500 KopE o R 45 4

H o Budi Rk H H R & 5 2 (One-Way ANOVA) 43
Bt A7 o 3 MR 5

2 HEiH

2.1 Es-MSTN AREFBFIIMNEFYRER

Wit T7 RSN RGNS KL, Es-MSTN
ANTR) G AR A7 i 36 TR R AE T7 36 5t R 45 TP 1R AR X
SRR A 25 5, b CG L HI B (C/C/CIG/G)
() BRLASE AR TR 28 A8 % 5 PR i) s S LA B I T
PRI SR AE T, RIP1T £ A (T/C/C/G/G)<2T &
K7 (C/T/C/G/G)<3T K #Y (C/C/T/G/G)<4A HEH
Kl (C/C/CIA/G)<ST FE M B! (C/C/C/G/T); i TA 3
PRI 780 (T/T/T/A/T) BN A5 K VR 9 72 ol B[R] 178 2 5
T TSR RS ERT, B 3C BEPRIAY (T/T/C/A/
T)<4G F:H I (T/T/T/G/T)<5G FEFH A (T/T/T/A/G)<
2C FE& K RI(T/C/T/A/T)<1C FEH I (C/T/T/IA/T); HE
— LM, TAJEKA L CG KA HA T
o e S AR (K] 2)

2.2 Es-MSTN-pEGFP-N1 A~ [5] & [& 8 3 ik 59
BRIEER

H K HE 1Y 12 B 3k B Es-MSTN-pEGFP-N1
i R IR FMAE 293T 4l M P #E AT R AR, K
N Tr) 5 PR A 4 A 22 18] 1) ¢ ' 200 e 450k AE A gL )
84 h AT IR il W2 3 25 5% (IR stk — 255t

400 pm -

1.6 . a
1.4t i

e L

1.0 tde

08 |t

06 |

04 |

02 |
123456789101112

N GIEESER!

different genotype

o
(¢}
(¢}
a

(=)

HEXS s K-
relative transcriptional level

B2 Es-MSTN AEEEBAFIINERER
LITHRREA, 2. 2THREA, 3.3THRFM, 4 4AFRFA, 55T
BRA, 6. 1CHRFA, 7.2CHFA, 8. 3CHEREA, 9.4GHER
A, 105G HEEA, 11L.TAFERA, 12.CGHERM; TH

Fig. 2 Transcription differences in vitro among
the different genotypes of Es-MSTN

1. 1T genotype, 2. 2T genotype, 3. 3T genotype, 4. 4A genotype, 5. 5T
genotype, 6. 1C genotype, 7. 2C genotype, 8. 3C genotype, 9. 4G geno-
type, 10. 5G genotype, 11. TA genotype, 12. CG genotype; the same

below

BE YL S R [R] I 1E] (24, 36, 48, 60, 72, 84. 96
F1108 h) B FE R B 22 R AT ST 0BT, RIA
[F) 5 D] 78 5k 3R 38 3 A 1) 5 Ol ik B AE W (FT) B
A #2255 (P<0.05) (& 3-a). 7 12 Fli LA
A 3 (3C. 4G. 5G) 2848 3 K AU 38 K 1Y & 3k
T (FI<1), M25h9 Fhk 4 T ik L (FI> 1)
(¥ 3-a), A, TA KPR (T/T/T/A/T) H i 54

Eh Es-MSTN-pEGFP-N1 7[5 £ FE BY i3 Rk 847 293T 2 A B e W 2R
Plate Fluorescence observation of the different genotypes of Es-MSTN-pEGFP-N1

overexpression vectors transfected in 293T cells

https://www.china-fishery.cn

o E K P2 2 320 sponsored by China Society of Fisheries


https://www.china-fishery.cn

44 EE, % ARG IR AW 2 D (MSTN) (5] 575 X 5 [N 78 i A0 B I3 80 SR 0 5% i 501

El 3 Es-MSTN-pEGFP-N1 RN[E £ E 853 RiAH A TE 293T AP AV X ROLRE (FI) 7
(@ A 12 PR B (b) 9 GC ALY 5 A S s RAE AL (o) 8 TA BN 5 F (3 sl RAE AL s (d) A9 CG A TA 3 (K 7Y
Fig. 3 Relative fluorescence intensity (FI) difference of different genotypes of
Es-MSTN-pEGFP-N1 overexpression vectors transfected in 293T cells

(a) the 12 genotypes; (b) represents 5 single point mutation from the GC genotype: (c) represents 5 single point mutation from the TA genotype; (d) rep-

resents CG and TA genotypes

AV 257 A R BRI 5 AR 1 Xof 3 D) A R G A B Y
Wi, ELS e AL, Horb LIS 5 AN s 9828 %)
AR F B = A e K T IRMER; CG R #
5 A7 A5 B AR X 3 A () A TR AR T I E
SE, (HLISE 2 M R R AR S Rk R T
WA EEAE ] (P<0.05)(F] 3-a).

Xof 5 DR Y B %€ S5 B (FI) (B3R A7 7 3k (5]
ST, BRI Es-MSTN-pEGFP-N1 4% 5 [K 1 i) 5 2
IKHARTE 293T 240 Jf v 4% G J5 1 R 38 vk B2 L 24
36 hiwm, JFEHE BB ML, 76 24 h £k
R E IR M A4 3C. 4G, 3T, STHITAZL S
P BE PR RS 5 4 36 h Rk i B IR B G H WA 1C.
2C. IT. 2T. 4A 1 CG 6 LAY ; 1fij 5G &
] 70 285 K 11 3 35 0 R 1) i v AU JESR 8 108 h, HL
70 Al B [ AR J 51K T oAt A Y (P<0.01)
(1% 3-a), XF9GoR It — L KX, KU

K P2 % 2 32 /) sponsored by China Society of Fisheries

CG 1 (C/C/C/G/G) N2 BRI AN s KK ZEAE RS (1T
2T, 3T. 4A. ST) FEEA LA T, Hep i
FeR A 05, R 2T, T PR B A7 A5 R ST( 3-b);
1M A TA T (T/T/T/A/T) g 2 A 800 151 U 5 5
A (1C, 2C. 3C. 4G. 5G), #7557 Mk
AT R VERON (B 3-¢); 11 CGHUA TA HIXE L4t
KEL, TA RIRYFRIAMEE BE ST CG 1 (P<0.05),
It HAEE YL I 24 h 22 545K (P<0.05)( 3-d).

3 iR

FE PR AZ A TR 4 AN [P € T mRNA 52
SEE, WA mRNA 956 55502 41 Duan
P N NS Z T Z R EE I (DRD2) W 5T RS,
C957T M i A8 55 X% JE T B mRNA K 2549
FaE e A R I, %5 AR FAE CHO-K1 41 Jifd
o B S BRI, SRR IR T mRNA B
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502 KopE o R 45 4

J¥ . SR Kudla %" 5 FHAH RS 2h 7% 8 )55
FEALLBE 35 85% 1 4K 52 25 11 HSPA1A Fil HSPAS
AT RN IS, BB GC3[ # S T 55 3 v A 3
9 GIC(GC3)] & i HSPATA(92%) 1 % ik F JiF J&
ik GC3 & & HSPAS8(46%) I 10 £, Bl GC3 & &
FHZE 1A%, MRIAFm HAHZE 10 £, (HiZsimd
t—2L B, & GC3 & il mRNA FRE T,
A—H, BTG5 CUMAST ZEGTFEEA
225, B GC & &) DNAFI RNA 431 1) —
REER SRR G BN E , /i FAESEAT A
A M I T Y R R U S T O FEAR S
5 AR A N Es-MSTN 45 X 4 K ) GC &
M AE e KSR L 0.35%, BCASHHXTA B, {2 TA
R A S S A I Rk K P #) F CG AL, X i
B A SIS A5 A R o i PR B SR 280 36 1 52 il ] i A2
o RO 3 PN SR B R ) e MR K HE RN o

BN RIBWA Y REA R, SR, EH
M DNA 22 1 B v R BI5GB sk)m .
B, BEREZANEmEE, En TR A
mRNA #E17 81%0F, mRNA B9 KT B A s ] LA
X EERCR AT AR . 40 Kudla 2529 78 N T A K
() 4t 5 AH [A] GFP 2K 14 (1 154 4~ Bl AL ) S 28 748 JE
B R B, 6] L5848 %) mRNAK 4544947
TG A R BE R T B2 A U DX 3 A 938 R e
FE T AR e A8 B GFP 28 14 (0 B R, Il
A, 24 [R] SCGEAR A U T A 1 0 A
b, JE R B RCR B S k AE , HE A
ERf T S 2232 25 U220 1 Komar 557 78
AR R LB BB N (CAT) RSN 5
16 AT A7 0S5 A8 Ry e A i, 4R 5t
TEABIRHR . ARG S AR AN B
PERIR AL E, 5G AR AR A% MSTN-GFP fil & &
H R B AL, (B KA ik, B
W] Es-MSTN [7) L5878 (9 55 5 A o s W 35 5] 1) 3R
IKER T 520 mRNA 1Y 5 s8R 40, WA vl ik
AT AN B T T G

2 b, ARWFSTIE I T7 RSN 5 R Gt Ak
Yy %8 Es-MSTN 1Y 5 A [a] 5728 A ji R itk 47
FESERCRAINT, RIRIX 5 4] AR X FE A
ek BAEZE N, [ RS S Rk R R
B P10 3R 5K F B b R T O )AL A 2 AR
U T~ S S =B v < & s R NS 02 o = R
W2 5 AS [v] 487 A5 2 728 Yo 35 [R5 S DA B 3 [ 3k
B LE RN, B RBER G . B K
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IR X 3 AR I 5k DR 3% 0k 9 981 42 i 7R R AT L
WFFE M. L, i Bk — 2B B 5 FR T o
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Effects of synonymous mutation on transcription and translation efficiency of
Es-MSTN gene in Chinese mitten crab (Eriocheir sinensis)

YUE Wucheng, YANGHe, HOUXin, WANG Jing'an,
CHEN Xiaowen, WANG Jun, WANG Chenghui”
(Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,

National Demonstration Center for Experimental Fisheries Science Education,

Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Synonymous mutation can induce phenotypic variation by altering gene transcription, translation and
post-transcription process in recent studies on human disease. To study the effects of synonymous mutation on
gene transcription and translation, the total of 12 genotypes (CG, TA, 1T, 2T, 3T, 4A, 5T, 1C, 2C, 3C, 4G and 5G)
deduced from the five SNP synonymously mutated loci in MSTN genes of Chinese mitten crab (Eriocheir sinen-
sis) (Es-MSTN), such as SNP1(C/T), SNP2(C/T), SNP3(C/T), SNP4(A/G) and SNP5(T/G), were employed by the
means of site-directed mutagenesis, in vitro transcription, and gene overexpression. The results showed that the 12
alleles displayed obviously different transcriptional efficiency in vitro, and the highest transcriptional level was
found in the 1C allele and the lowest level in the CG and TA alleles, in which the TA allele exhibited significantly
higher transcriptional level than the CG allele. The overexpression in 293T cells found that expression intensity of
different mutant genotypes was significantly different at different time (24, 36, 48, 60, 72, 84, 96 and 108 h) after
transfection, and the TA allele exhibited significantly higher expression level than the CG allele. Generally, the
present study indicated that these five synonymous mutations had important effects on transcription and transla-
tion of Es-MSTN gene, suggesting that synonymous mutations could play an important role in biological process.
Further studies at post-transcriptional and post-translational levels may shed light on the intrinsic relationship

between gene function and phenotypic variation in E. sinensis.
Key words: Chinese mitten crab (Eriocheir sinensis); MSTN; synonymous mutation; gene function
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