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i A& MRFs E[F cDNA S[ER AL RIESHT

Kk, A H L B HEN
R AC: VPP K P25, YT 1311 570228 i)

& E: AN (MREs) fESh PRS- 85 LA KR & b B b R 456 AR . AF5EiE i RT-PCR Al
RACE $ AR %2 B 15 2] 5 417 4 5 fa 5 A JJLIR 55 B 7 (MRFs)cDNA 2 K ¥ 41, 2 4& MyoDI1(1 962 bp) .
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(bHLH) PRSP &5 #8384 73 AT 7%, MRFs 43 A 3, Hoi MyoD(MyoD1 F1 MyoD2) 5 Myf5 Th— 32,
MRF4 5 MyoG %R o — 3, HARNB 5HE B @A Rl —H ., LH56a & PCR &R BR, 55
MRFs 7B AL 2k B, AR FNE ORI S 2R R BAR . i BF5E M #8777 MRFs 78 8w A4 5
B UK & B AR LRI ZS e T 5L
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MyoG . Myf5 Fl MRF4(Myf6)?, H 342 ts—A i i
PRST 1 A R e - B - A% e 245 49 35 (basic helix-loop-
helix, bHLH), bHLH%5 4 ik 1 Helix I I
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HIES ZRAKEZ AW, 1 basic B X IR 5 E-
box(—Ffifi & CANNTG [ DNA J¥51) ) ) 3h
ST AR SRS A, DT T B LR S
HYJE R RE4, A, MRFs JE [ K45 35 54
EHNUE TSR, s g5 . ik
FNVEFHETE B, LA KA 0 A2 I B s WL RE 1Y
EE,

Chen 2 7E 3¢ 5 £f1 (Danio rerio) BIWEST 1 &
B, Myfs 1 HER T v IR JZ (presomitic mesoderm,
PSM) 5 ) 215, [A] I 75 PSM H SR AS: I 1) HiAt

QOCO) i EA: 2025-02-12

A LR PR 0 3R, KRB Myf5 2 U A 1 S5
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TS B3 s M A b ) 34 A 0 ) 3R Gk, i W
MyoD FE WL R & A i 78 v e 35 32 AR H IO,
Ganassi J5" 5 R, MyoG & [H il 5 7] k& 0
il B 25 F W B SRR LT e AR L LT R, R
I AR G & A 3 A v ok LA 20 A ) S s R 4 1
Fo Hinits S 7E5E S 8 H /> B B9 MRF4 JE A
SERY, FFAELR A LA 2T 2 b R 20k, R
MRF4 2 5 4 4534kt B2 . Schnapp %51 38 5
L[N il S 86 & B, MRF4 RESSAE MyoD Fl Myfs
DAL B O B £ TR BORG MyoD iR LI JE
I E I 1A S 8 e P R R e 8157 o e A
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MyoD 1£ 7 ¥ | ¥ 2 fiii (Seriola lalandi) . 43 >k 4
(Sparus aurata) ¥ 214 7 J5 fili ( Takifugu rubripes)
o v BEDT MyoG 43 S AE Ak IR 8 (Squaliobar-
bus curriculus) . JJBF(Coilia nasus ) 55/l o[22,
MRF4 1£ Je % % 4E 4. (Oreochromis niloticus) H #
TR,

#7 A BE A (Epinephelus lanceolatu) 15 #5 &
. e a s, SRJE 67)F H (Perciformes) . fiRF}
(Serranidae) . f1BEAf )& (Epinephelus ), fix KKK A]
5 2 m, IR ] 3K 400 kg, AR E R A B RS A
RPN, e A B A v [ A SRR IR
FE s, T AR R G A AR A T S A A
B0 QNFR s A B R OUA AR Gy e 55
WEATHRAE o ASBIFGTIE o 5 R ey A B £ 24 JULIRT 3y
K-, RS HIE A F 51, X H R 7 5 317 [R]
TEEXT e R AR 53 AT, Syt — DR AR LA Y
B VA K R B TR SR A S Al

1 MEERE

1.1 RIEMM B A 3 (20.00+0.07) g,3 H
W10 RS T T T 3R . AR SER TR,
8 TR (28 °C) N IAE PR ACHE s 9L P &
B, PhIE 4 F il R ) ficny A B £, FH ) 20 3R
FiR £, T FP At iR (MIS-222) X HL R4 7 BRI, 7F TC A 4532
VBT fifp 30 B ey A BRE £ 7 FpOAS [] ) 2% B 24l
A, S B R IL, I, B miE . L ORI AR
WHAAE, WA R G T80 °C UKFEHIRAE

GoScript™ Reverse Transcription System it 5]
& H 2 [E Promeg /A 7 ; FastPure® Gel DNA
Extraction Mini Kit 14 [ g 54 MERE A W) RHE A BR
/v w); DHSo RSz AR 3 1 i o A My He R A
PR W5 Gold Viewl BUAZ R YL ta 50| g [ b 50 R 3k
FRHEA B A]; RNAiso Plus, GoScript™ Reverse
Transcription System 7] & . SMARTer® RACES'/
3'kit i 57 & . pMD19-T Vector, PrimeScript™ RT
reagent kit with gDNA Eraser i jfl & . TB Green®
Premix Ex Taq™ II (Tli RNaseH Plus)¥JIl4 H % H
EAYHE AL ARRAFE.
1.2 514t NCBIEUE R A5 Rl 4 5 fh
(Epinephelus coioides) . Bty fa | e A& LI 5 A
+ ¢cDNA 741, AR¥E AR X i/ IE 514
K ¥y A BE L MRFs FER K G a] rBr o AR
P bl v B gl st TS 3'RACE(3'-FI, 3'-
F2) 1l SRACE(5'-R1, 5'-R1) ARG 9. b
] A Bt . 3'RACE #il 5’'RACE ] ¢cDNA J51] 8 1%,
W TSk ey A B A= LA 5 I+ ORF HERY
RS MET 9 (GR 1), FFAR R ve A5 2 i ety 4 B
5 Az LIRS R B RUR 91, AL )
YOLER PCR YR 2) . BIMMA TAY T 7
(i) B A PR R A
1.3 RNAJRELF cDNA B SEK G fii H
Trizol i 7| (Invitrogen, 3¢ )i HU B RNA,
1.0% ) Bt JIig ARt 56 M v, U S I RNA St 4, I 7E
NanoDrop ND—1000 43¢5 & i1 (NanoDrop, & /R

x1 EERERASIYET

Tab. 1 Primer sequences for gene cloning

514 Primer JF51(3'—5") Sequence

MyoD1 F1 ATGCACTTCTTCGAGGAC
MyoDI R1 TGTTGTCGGTGGAGATTC
MyoD2 F1 CTCTGCTGACGACCTCTA
MyoD2 R1 TTACTGCTGCTGGAATCG

FHFBSIIFIS =3 pyoG FI TACGACCAATCCACCTATCA

Middle fragment primer

sequences (5'—3") MyoG R1 TCCGCCTGCTGTAGAGAT
MRF4F1 CGCTATCTGGAAGAAGGG
MRF4R1 CTCTCTGGTTTGTCATTGC
Myf5 F1 ACGTCTTCTCACCATCCCAG
Myf5 R1 AGAAGGTGGCCATGTCTCTC
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ZF&R 1 Tab. 1 Continued

2|4 Primer JF51(3'—5") Sequence
MyoDI 3'-F1 GTCCTCCCTCCTGCACCTCCATCAC
MyoDI 3'-F2 GAGCACTACAGCGGGGACTCAGACG
MyoD2 3'-F1 CCCCGCTCCAACTGCTCCGATGG
MyoD2 3'-F2 GCAGCCACACAGACGATTCCAGCAGC
3'RACEFTH5 751
(5'—3") MyoG 3'-F1 CCCAACCCGACCCAACCCAGAGTGT
3RACE primer sequences MyoG 3'-F2 CATGCGTGCCCTGACCTCCATCGTG
= MRF43'-F1 CCAACCCCAACCAGAGGCTACCCAA
MRF4 3'-F2 CGACCTCTGCCGACCATTCCACTGC
Myf5 3"-F1 CGCAACGCCATCCAGTACATCGAGAGC
Myf5 3'-F2 TCTGAATGCAAACTACAGCGGCGGAT
MyoDI 5'-R1 CGTGGTGATGGAGGTGCAGGAGGGA
MyoDI 5'-R2 ATGGAGGTGCAGGAGGGAGG
MyoD2 5'-R1 CTTACCAAGCCGCCGCCTTTCTCGC
MyoD2 5'-R2 CTTTCTCGCATCGTCGCTGCTTTCC
S'RACESTHIBI 75
(5—3") MyoG 5'-R1 CTTGGGCAGCCTCTGGTTTGGGTTC
5RACE primer sequences MyoG 5'-R2 GACGCCTCTTCTCCCTCATCGTGGC
= MRF4 5'-R1 TGGGCGCCGACTTCCTCTTGCAGAT
MRF4 5'-R2 CATGAGGCACTGGCCGTCGCAG
Myf5 5'-R1 TGCAGGCTCTCGATGTACTGGATGGCG
Myf5 5'-R2 CTGGCTGGGGTTGGCTGAGGTGC
MyoD]I Full—F ACGCTTCTGTCTCTGTCACTGGAT
MyoDI Full-R ATGGTAAAGTCCCAGGTGTGAAGG
MyoD?2 Full-F CCCCGCTCCAACTGCTCCGATGG
MyoD2 Full-R GCAGCCACACAGACGATTCCAGCAGC
ERBIETIWIFII(S'~3)  MyoG Full-F CCGAACACCACATACAGTAGAGC
Full-length validation primer
sequences (5'—3") MyoG Full-R TGGAGGGTCTACTTGGGAAT
MRF4 Full-F GGGCGCAACAATATGATGGACCTTT
MRF4 Full-R GAATATAGTGGAAATAATTTAGGGA
Myf5 Full-F ATGGAYGTCTTYTCVCCVTCCCA
Myf5 Full-R TGGCGTTCGGTAAAAGCAG
3 CDS AAGCAGTGGTATCAACGCAGAGTACTT
TTTTTTTTTTTTTTTTTTTTTTTTTTTTVN
PSR R (5—37) 5'CDS TTTTTTTTTTTTTTTTTTTTTTTTTVN
Adapter primer sequences NUPA AAGCAGTGGTATCAACGCAGAGT
(=3 UPMA-S CTAATACGACTCACTATAGGGC
UPMALL CTAATACGACTCACTATAGGGCAAGCAG

TGGTATCAACGCAGAGT
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®2 EMRAEE PCREN 5 MERBRASMETASIMFT]

Tab. 2 Nucleotide sequences of the primers used for Real-time PCR

5|4 Primer

J#%1)3'—5' Sequence

MyoDI RT-F
MyoDI RT-R
MyoD2 RT-F
MyoD2 RT-R
MyoG RT-F
MyoG RT-R
MRF4 RT-F
MRF4 RT-R
Myf5 RT-F
Myf5 RT-R
EFI-a RT-F

EFI-a RT-R

GGCATGACGGATTTCAACGG
CTGCTGTTGTCGGTGGAGAT
ATCATCACCACCACCACGTC
TTCAGGGTCTCAAAGGCGTC
CACGATGAGGGAGAAGAGGC
TGCTGGTTGAGGGAAGACAC
CAGTGTGGCCAGTCATGAGT
TCTTCGGTGGTGATGCTGTC
GAGGAGGACGAGCATGTGAG
CTCGATGTACTGGATGGCGT
AGGGATGGAAGATTGAGCGC
CGTACCGGGCTTCAGGATAC

B, R e ) AT I . RNA 2l A%
W% R 2SR (Takara, H Z%) 5Bk DNA J5, i E A
Bt cDNA 5 4 ] 45 F1 3731 cDNA 6 bz 11 £ 18 5o
GoScript™ Reverse Transcription System i 7] &
(Promega, 3 [E) #F47 5% 5% ; 5% cDNA HAR il 7
¥ SMARTer® RACES5'/3'kit( Takara, H 7<)z 51
&R SR B AN AL 255 A cDNA A il £ R
H  PrimeScript™ RT reagent kit with gDNA
Eraser(Perfect Real Time) (Takara, H 7% )3 & 3t
17 B 1B e

1.4 PCR =R 18, FHLFNNF

141 ¥ iE F BB LR S bR A B
cDNA mHHR, A5¥) F1 #1 R1 #4755 1 % PCR
P4, PCR W 25440 : 94 °C 5 min; 94 °C 30 s,
TM {H 30's, 72 °C 60 s, 35 f§¥F; 72 °C 5 min; 4 C
TREE.

142 MRFs3'3% K B uk L3 i cDNA
B, 0 ) A 47 BXE £ MRF's 3 R 6 3 R 1 X
1% 3-F1 f1 e X 3k 51 4 UPMA(UPMA-
L:UPMA-S iy 1: S IR G i) #4758 1 % PCR Y™
595 855 158 PCRZWIFG B 100 £, JFHL 2 uL fE
ShEF 2 %8 PCR 4 HEASAR, LLIE L5 (9 3'-F2 il X
$25 5% NUPA #4755 2 {45 PCR Y4, 2
1 % PCR S 544 94 °C. 5 min; 94 °C 30's, TM {H+

5 °C(EHIEFRREV% 0.5 °C) 30's, 72 °C 60 s, 20 FEFE;
94 °C. 30 s, TM {H 30 s, 72 °C 60 s, 20 G #; 72 °C
7 min, 4 °C {£F5, %5 2 % PCR: 94 °C 5 min; 94 °C
30's, TM {H 30's, 72 °C 60 s, 40 {E¥£; 72 °C 10 min,
4 °C Pr¥F-

143 MRFs5's% kB EBE DL 5 cDNA Jyfs
B, 43 ) LA 5 7 BE 7 MRF's 3 R 52 6 3 X 1F X
19 5-R1 A1 L4k 519 UPMA #4755 148
PCR #"3; #4565 1 & PCR /"~ F B 10 15, 31430
B2 pL AEA5E 2 %6 PCR ¥ B4 BEHR, 43 5| A A
BEfi MRFs 3 R R4 09 1E L5 19 3-R2 Fl R L4
L5149 NUPA #1755 2 e E PCR ¥4, PCR Jx
25 1.4.2

144 PCR¥ ¥ F=#wllk5sit PCR ™™ H
1% By g W BE e B Pk K  , JF AR B FastPure® Gel
DNA Extraction Mini Kit(iME%E, dr B Bi ] 1)
B B R Belee, e mficalifb PCR 724,
145 PCR¥WLERMAF W =Y iE%T
pMDI19-T Vector, 54k 2 K7 AT 5 (DHS0) /B2 45
b, IRTE S AN E R R LA PR b, Pl
PATEVEREFR, PEAT PCR BAE 52 BEAS I, 43511 HL 100
L BRI 2 M R — WA A /Y o

1.5 MRFs cDNA £ FFIHERIEIE AR
g5 9L, f MRFs 2L [H K% cDNA J¥ 51 $#4% LAk 1S
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H 4K ¥ S, M FELL ORF Finder Xt 5 />3[4
ORF AT 0, FF7F H 57 51 P o I b DX 15034
SVE 51 % (MyoDI Full-F, MyoDI Full-R; MyoD2
Full-F, MyoD2 Full-R; MyoG Full-F, MyoG Full-R;
MRF4 Full-F, MRF4 Full-R; Myf5 Full-F, Myf5 Full-
R)#17 PCR &Ky 3 0y, LA T 2K 50k,

1.6 MRFs cDNA 2K F 55347 #ali f B
MyoDI. MyoD2, MyoG. MRF4. Myf5 54~ 3t
cDNA J¥ % {fi F§ ORF Finder(http://www.bioinfor-
matics.org/sms2/orf_find.html) T & [ 4 5 [X; 4%
1 2 a5 R Ty 4 AR M L X i A NCBI
(https://www.ncbi.nlm.nih.gov/)blast 2 ¥ #t 17 ; #%
iR J¥ 51 # 2 i 3E 12 JF 41 i@ i Expasy(https:/
web.expasy.org/translate/)5¢ i ; K H SWISS-
MODEL (https://swissmodel.expasy.org/) X} £ H Ji
S REER AT 53 M5 22 A BRI 5 et R
RE{i ] Clustal X 1 ESPript v3.0 ¥ %; 7E NCBI %{
PE e L AT X, 3R75 MRFs A R IR P41 . Fl
M MEGA v7.0 % fF 1 # ClustalW 55 3 X
MRFs 5[ () 2 B/ 7 9 AT 2 F P9 LU, IFR
FH Neighbor-Joining (NJ) 754 £ & 48 AL AR, 38 i
H 5| K5 % (bootstrap ) 3R 15 2R G243 3 1 B A7 & (B
SEUHECH 1000),

1.7 MRFs EEBRARIE i 1 BEAEEIL
Jii o E L BRI B SEEHZ) cDNA 1T SR 96
i PCR 2 i, R4l TB Green® Premix Ex Tag™ Il
(Takara, H Z%) G0 & A A T8 . SEREE0
FE T8 7E A8 5 #E L (Roche LightCycler® 480,
TP T . PR FR S 20 pL, HP L E 10 pL
2xTaq PCR MasterMix I J i i& & W , 0.5 pL
IESG 19, 7 uL ToRZBE/K A 2 uL cDNA 54, J2
WA YR 95 °C 30 s FilAZ 1, 95 °C 5,55 C 30s,
72 °C 30 s, 3£ 40 fIF, 95 C 55, 65 C 60 s L1l 7%
fift H2k; 50 °C 30 s ¥ H1. Lh EFI-o fE RN S35

MRF4

Ko F S Rk BEAG BEAS R A5 41 cDNA R il 1
PR il 26 (51> cDNA R i 8 3 IRE R 50 ),
HRAEAZL E=10"5r)— 1 43P H0% B3N
FIARAT FE KK R ] R=2720C VLA TR,

1.8 EBIREY  AWTOK AR BB SR 381 1
£ B 1% %= GenBank, % 55543 5l 8 MW762676.
MW762677. MW762678 MW762679. MW762680.,
1.9 HIBSEITHM LR EIEY L A hR
ZeFR, IFIEAT T O 22 ST HER 0 ANE SRR 50
fii 1 SPSS v22.0 B W Bl kA 7 20 K 2R 5 22 53 B
(one-way ANOVA), i | Duncan’s #£17 £ & L
30T, LA P<0.05 18 22 5 i 3 P WTbRfE

2 HRE5HM

21 BEAVIHA MRFsEE cDNA EfES5FE7
AT BB RS B A BE A MyoDI. MyoD2,
MyoG. MRF4 Fl Myf5 cDNA ¥ 5 K B 7 5
1962, 1466, 926, 1 052 F1 1 133 bp, JF il HE
(ORF) 4351k 891, 810, 753, 714 F1 726 bp, 435
15,297,270, 251,238 1242 MEHH2 ., GenBank %
S5 MW762676,. MW762677, MW762678
MW762679 Fl MW762680. 456 53 b1 2 11, #5745
A BEA MRFs 580 5 > JE I R 4% X (CDS) il
AEFIEX (UTR)H AL (E 1), R Garnier-Gibrat-
Robson J7 3% Wi H: — 2 2544, 45 5 878 MyoD1 .
MyoD2. MyoG. MRF4 1 Myf5 %43 & 24> a—12
BER p—Pr B as il (& 2), =R/ T — 4
¢ W] L34y 52 B LR Y 82 E — 2R — 82 E (HLH) 45 #4)
(K3).

22 BEAWE MRFs S EBFEIILEY KA
DNAMAN {4 X} ety 4 Bt £ 5 A 2B LI 55 R+
IR T AT X, 25 SRR ILEA 60 ML
SASE TR AT B PR <1 B4 W E — PR i€ (basic helix-
loop-helix, bHLH) 538 (/%] 4) .

——
MyoD1 —
MyoD2 ——
MyoG —
y 5’[ ) . 1 | 3!
0 bp 500 bp 1 000 bp 1 500 bp 2 000 bp
iy X wa JEFIPEIXUTR

B 1 #&5AKE MRFs RikERALEN
Fig.1 Gene structure of the Epinephelus lanceolatus MRFs family genes
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A.MyoDI; B.MyoD2; C.MyoG; D.MRF4; E.Myf5.

2 EEABEE MRFs HKIikEH — R
Fig.2 Prediction of the secondary structure of MRFs protein in Epinephelus lanceolatus
TE: AR o SR HEXIR, 2L EMRFR S X, SEMATIE A X, 28 B TR & Hh X 3,

Note: Blue indicate o—helix area; red indicate f—sheet area; green indicate f—turn area; vacancy indicate random coil area.

\} 1 V ad™ I
A 2 C § F T 5
% ~ Y G o \ NG e
ALS ) B g, 58 1 C LS
o 3, el o
"‘z .
\ b /
t £
3 /
1 3y
D; L - fi_’%-i E p '
W |

A.MyoD1; B.MyoD2; C.MyoG; D.MRF4; E.Myf5 .
B3 #WAKE MRFs RiEERQRN=REN
Fig. 3 Tertiary structure of MRFs family proteins in Epinephelus lanceolatus
23 BHAMSSHMYM MRFs BERFBXE K2 10(68.54%), SHiFL KR EIETE 54.49% ~
RS L 56.12%, 552 64.47% (5] 5)
231 #FEHEE5 L Ft MyoD1 X B %4 232 ¥FEHE MyoD2 5 H4t &% MyoD2 %
R R R ZHEFHILNLAIREY, #ii . BRARFRESTIK ST SR EV,
BEth MyoD1 54 KSR [ i, o 92.93%, H B A BE L MyoD2 5 bl A B £ [ I3V A
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MyoDl1 MELSDISFPTPAADDFYDDPCENTSDMHFFEDLDPRLVHVGLLKPDDSSSSPSPSPSSSS
MyoD2 MDFPDLPFPLSSADDLYDDPCFSTSDMNFFDDLDSRLMHAGLLKTEDHLHHH——————
MyoG MELFETNPYFFPDQRFYEGGDSYFPSRLPGGYDQSTYQDRNSMMGLC
MRF4 ] MMDLFETNPYLENDLRYLEEGDHGPLQHLDMSGVSPLYNGNDSPLSPG
Myf5 MDVFSPSQVYYDRACASSPDSLEFGP————————
MyoD1 SSSPSSLLHLHHHAEVEDDEHVRAPS—————— GHHQAG-RCLLWACKACKRKTTNADRRK
MyoD2 = HHHHVPTTEEDEHVRAPG—————— GLHQTGGHCLLWACKACKRKTSHEDRRK
MyoG G———— SLSGGVGVGVTGTEDKPSPSSLSPHSETHCPG—QCLPWACKLCKRKTVTMDRRR
MRF4 QD———-NVPSETGGESSGEEHVLAP———-PGLRAHCDG—-QCLMWACKICKRKSAPTDRRK
Myfs GVELDGSEEDEHVRVPG—————— APHQPG-HCLQWACKACKRKSNEVDRRR

BHLH domain
MyoD1 AATLRERRRLSKVNDAFETLKRCTTANPNQRLPKVEILRNATSYTESLQALLRGGQDDGF
MyoD2 AATMRERRRLGKVNDAFETLKRCTAANPNQRLPKVEILRNATSYTESLQALLRTSRDDSF
MyoG AATMREKRRLKKVNEAFDALKRSTLMNPNQRLPKVEILRSATQYTERLQALVSSLNQQDT
MRF4 AATLRERRRLKKINEAFDALKRKTVANPNQRLPKVEILRSATSYTERLQDLLQTLDEQEK
Myf5 AATMRERRRLKKVNHAFEALRRCTSANPSQRLPKVEILRNAIQY IESLQELLREQVEN-Y
MyoD1 YPVLEHYSGDSDASSPRSNCSDGMTDENGPTCQSNRRGSYDSSYFSETPNGGVKSARSSV
MyoD2 YPQLEHYSGDSDASSPRSNCSDGMVDF ISP—CST-RSENSDGSYCSHTDDS——SSSKPSL
MyoG ETGQQGLHYRPNPTQPRVSSSSEPSSGSTCCSSPEWSSTPEQCTQSYSSEDLLSAADSPE
MRF4 NGSCHNLKEQSVASHEYHWKKSSES ————————- WPTSADHSTAAMTNQ-REGTSESSA
Myf5 YGLPGESS—-—SEPGSPLSSCSDGMADSNSPVWQH-LNANYSGGYSYAKNES--LGDKAPG
MyoD1 VSSLDCLSSIVERISTDNSSLLPPADAPGSPQTDPAGEAAAPGPVQVPSPTTSRDPNLIY
MyoD2 ISSLDCLSSTVERISTDP-AVAPPGDS—VVPQGPGSPQSSP———— AGSSPPAEPNSIF
MyoG QGNMRALTSTVEGISTAGGAVAFPVDIPK
MRF4 STSLLRLSSTVDSITTED-KVNFSEDVSEN
Myf5 ASSLECLSSIVDRLSSVDTSCGGPAALRDMATFSPSSSDSQP———-CTPESPGSRP—VY
MyoD1 QVL
MyoD2 EPL
MyoG -
MRF4 -
Myf5 HVL

E 4 Er5ABEE S F MRFs S 28 F 5 Lt
Fig. 4 Multiple alignments of the five MRFs amino acid sequences
TE: bHLH S5F3 A N RILARCIF PR ML =" RBIABE;  URESER e 2 — 26 IURA 2 FHEUERR .

Note: The bHLH domain is underlined and bold typed; "—" represents indel; "*" means identical amino acids; "." means two amino acids.

(98.51%), H-R 24 301 (85.14% ), 5 416 7R Jy fify
(70.00%) AL 6) .

233 BT EHE MyoG 5 EWF MyoG X B
SR B RMAT L ZH P SRR, e
BEfEL MyoG 5 RHH A7 BEAR A4 3k 8 [R1 5 M 5 v, [
TEYE T 98.80%. 94.40%. SIHFLZE(50.20% ~
51.39%) F11%25(56.18% ) [a] AR (K] 7) o

234 ¥ 5 B% MRF45 R AuF MRF4 %
B%ARR RMEST L5 F HEE R R,
B A BEF MRF4 5 17 A B R J5 v de i,
97.47%, H K J&: 4 3k i (82.92% ) Fl 41 5§ 7 J7 fifi
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Fig. 5 Multiple sequence alignment of the MyoD1 amino acid sequences between Epinephelus Ianceolatus and
other species

TE: MyoD!1 I —ZRES IR BRTEHS 1075 o BREFR R I o

Note: The secondary structural elements of MyoD1 are showed above the arrangement, o—helix is represented as a helix.
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Fig. 6 Multiple sequence alignment of the MyoD2 amino acid sequences between Epinephelus Ianceolatus and other species
TE: MyoD2 B — R EEITR WRTEHRS L7 o BRHEFRR IR .

Note: The secondary structural elements of MyoD2 are showed above the arrangement; o—helix is represented as a helix.
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Fig. 7 Multiple sequence alignment of the MyoG amino acid sequences between Epinephelus Ianceolatus and

other species
F: MyoG (0 — &5 TR WoRTEHES 1 J7; o BB HEFIR NIRHE; p- e fiFnh TT,

Note: The secondary structural elements of MyoG are showed above the arrangement; o—helix is represented as a helix; f—turn is denoted as TT.
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8 EEANE MRF4 5SEMYTE MRF4 HBRSERF S Z BN S ERTILEITE
Fig. 8 Multiple sequence alignment of the MRF4 amino acid sequences between Epinephelus lanceolatus and other species
TE: MRF4 ) “ A0 BRI 17 o BRI W IRIE; g fFm o TT.

Note: The secondary structural elements of MRF4 are showed above the arrangement; a—helix is represented as a helix; f—turn is denoted as TT.
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Fig. 10 Phylogenetic tree based on MRFs amino acid sequences of different species (Neighbor-Joining method)
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Gene cloning and expression analysis of MRF's gene cDNA in

the tissues of giant grouper Epinephelus Ianceolatus

Zhang Longting”, Zheng Zhi, Wang Yao, Gao Yujie"
(School of Marine Biology and Fisheries, Hainan University, Haikou, Hainan 570228, China)

Abstract: Myogenic regulatory factors (MRFs) are critical regulators of skeletal muscle growth and development in animals. The
full-length ¢cDNA sequences of five MRFs from the giant grouper (Epinephelus lanceolatus) were cloned using RT-PCR and
RAC, including MyoD1 (1,962 bp), MyoD2 (1,466 bp), MyoG (926 bp), MRF4 (1,052 bp), and Myf5 (1,133 bp), encoding 297,
270, 251, 238, and 242 amino acids, respectively. Amino acid sequence alignment revealed that all five MRFs contain a conserved
basic helix-loop-helix (bHLH) domain consisting of 60 amino acids. Phylogenetic analysis demonstrated that the MRF genes are
clustered into two distinct branches: MyoD (MyoD1 and MyoD?2) groups with Myf5 in one clade, while MRF'4 and MyoG form the
other. All genes showed closest evolutionary relationships with Perciformes homologs. Real-time quantitative PCR analysis
revealed predominant expression of these MRFs in skeletal muscle, with significantly lower expression levels in the liver, heart,
and intestine. These findings provide foundation for elucidating the regulatory mechanisms of MRFs in skeletal muscle
development of the giant grouper.
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