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WE: Twist2 AERENM R E S FEKE T EEAFEH . AT (Sniperca chuatsi) twist2 i B 1 Rk K DL LS 51
WR B AT B ShRE RN, ASHT 78 B3 DR A 30000 3R 15 twist2 ZER R, SR AEWME B0 VER Twist2 & A EE
TER R PR HEAT T 0. B twist2 R FTRAS I E A B 162 MREBERA N, BA — MR AL bHLH 45/ 38
BETRERTINZ AR & R ER, Twist2 & AEFMEIY P BAG 8mAEUE; KA RT-qPCR AR5 T
B twist2 KR BT S RIS, RI twist2 EFEEAF K BN BAEEREZR, BEWIZ i RiIAKFRIK, AWM
AR B2 bF, BHFMRIE R, AN WRIAGEH SR, SRR REER R, LREMMT
Wlo SR FHHE IR AL 22 38 BRI FIAME IR R R B B twist2 B E A, R B IR M 4 E RAR T oy
FePERIE . R Targetscan f1 RNAhybrid T EXJ 7] GEHE 7] 8 twist2 ZE K ) miRNAs 34T H0M, 45 5% B miR-30a.
miR-30b ., miR-30e-5p Al miR-204 1] fi¢ /T twist2 3'UTR, #27% twist2 /& miR-30a. miR-30b. miR-30e-5p #l miR-204
[TE AR RE IR o B UYL AR b A8 S B8 B R, AEVLIR 3 d I twist2 (IR IA S Bk miRNAs (85 20 B0 asExe, %
B twist2 5 B3R 4 4 miRNAs fFEBE AR R Bk, AR 7E4E RGBT A9 F/KF T8 twist2 JE R (1 )7 51

RRAE I 22 2k B DA R LR LA A KR T FE T fE,

KR O twist2; B2 3R35; miRNA; YLK
FE %S S917 XHERFRERD: A

twist2 (twist basic helix-loop-helix transcription
factor 2)tLFHK A dermol, J& T M R e - 24 - 1 g
(basic Helix-Loop-Helix, bHLH)ZZ % A% 51, 7 845
YR BB T EEEN ., AT,
Twist Z 5 ALHE twistl Al twist2 B35, 954
G (IR (7RSS R AL, TR A,
twist2 Jir gt (4 2 1 7E LA b 455 s 1 iy 2
RE, A3 5 B B RUUL PR 20 3 i R A, AR ST
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MicroRNAs (miRNAs)J&—Z 5571/ RNA
43T, I TUAH) mRNA, FBALEIPES0RP) Long
AU R SEHE T miR-138 34 17 380 ] Twist2
Pt i 0554, Han 80 5@ RSN FIR Y
SCEGIE T miR-22-5p Al AT Twist2 1926353k 14
5 /N i 1 5 R4 285 miR-1236-3p 8 i
N Twist2 FY ECEEHE bR I8 T P 4 I g g g 21 4R
M, T twist2 5 miRNAs ¥ 56 R 5T 15
A8 AR R A M R R T I, ABAE K AR B A R
miRNAs #[a] twist2 i B 53 1 AR IE, A58 7E 65
W) A O 0 T 1] twist2 ORS¢ miRNAs.,

% (Siniperca chuatsi)f Frf 46, 23 FE K
T FRB A Rk — Y B
T, YUk G SR m g AR, HAE R A
FHFTILPA b 5 5 e i 2 R AR A 37
TERIE 24 R IS ] D el t A A JLEA) s
W55 R, miRNAs B2 —ISB LA & A 1)
KRN T, I HS 50U T i3 Rk
P07 Chu VG LA T R G B oE T
miRNAs 7EF# LA 54 . Be A 0y mT eAE ¢
PE, HCTEMEPYE T 33 4 miRNA 7ENLA H
Fo R R ah, 1 1 A I R R s AN TR 2R AU L PR F
Yoy K E MPERE . L, ASBEZES0 8T T 67 twist2
S ANRRE, B 23 FRIBFRE, @ YUk A
SEUS, FE I O] REAE 7E R M AR ) miRNAs, N
5 twist2 Z 58NN L B I RIS E Y =Dt
P M E S5 Bl .

1 #MHERE

1.1 SSIw#el

S B R AR B (97.74+0.35) g, TR T KT
EIR I A L R R 5 Y, e B SR S &
FEBE KA T, LhIE N R 5T RDE AL i IR O
MAMRIZK I (21+0.2) °C, ##%(6.20+0.21) mg/L,
FEIHRROE JRAE UK LU . 0L . DLRSELHZUE
FWAPGER 7R, HTHLRERN ., NREE
S 1 S VR i R 1) e 4 A R 2 B 5 BT i D
g e flt, HIRMG KT BERihE 2% T ARLE
= B KRB,

12 EWHE

1.21 8% twist2 EERWEMEREFESH T
UCSC 3 [ 2 % #i& /% [UCSC genome browser
gateway (igb-berlin.de)]R15 twist2 JE [F T 51 il 2
FR P A, KA ProtParam fEZ/Hr T Twist2 &
FIEY AR R SOPMA il SWISS-MODEL
TEL IO Z 0N =R 2548; A NCBI s 2 1
EHALY R Twistz FEHFFS, IR A DNAMAN
1 GENEDOC #47 £ )74 LL X

1.2.2 EBmEER twist2 EEH miRNAs B &)
TargetScanFish (https://www.targetscan.org/fish-62/)
F1 RNAhybrid (http:/bibiserv.cebitec.uni-bielefeld.

de/rnahybrid) 7L U4, IR FHBEE fa twist2 5
3'UTR VENELFS, Gl AT miRNAs, i
SRR RS twist2 7Y 3'UTR F51, Rk
TargetScanFish ik FYFF miRNA 17 B AN IE
1.2.3 fHLFAREAE RNATREX K Monzol (Monad,
H ] ) fi IO ok A4 2 2R KA [ IR Jif & I SRR
AL RNA, SEEP RS I AR LA BT T, R
PR R AR T 52 A (N60, 7 [l IMPLEN /A 1)l 5
A RNA B9 BE RIS, W5 R 1% SR RE B GE
JECHL VKA RNA A BT 6, 5 Sl s SO
1.2.4 cDNA BJ&RH K RT-gPCR %% mRNA
Wi %% 5k % ] PrimeScript™ RT reagent Kit with
gDNAEraser (Perfect Real Time)idi #% 5% i 7 &
(TaKaRa, H1[), DL 1 pg & RNA MR, BBk
A cDNA, B WARRN 20 pL, KN 54
42 °C, 2 min; 37 °C, 15 min, 85 C, 5's; #iF¢ 10 £,
FHF qPCR S B .

miRNA 30 % 58 K | One Step PrimeScript
miRNA c¢DNA Synthesis Kit (Perfect Real Time)ix,
| & (TaKaRa, W E), KW SRR A 10 L,
Poly(A)INE I 5 ¢DNA 4 U M [R5 47, 2
M &AL 37 °C, 60 min; 85 C, 5 min, W54
—40 ‘CHR-A1E

I DR 20 B4 A b A R B R twist2 Ak TR
rpl13a 3 A #5115 &, K H Primer premier 5.0 %X
g IER 1o MIEALETEE A miRNA
B PE!) %31 miRNAs RT-qPCR 214, HAEFH
WA RA R G R, THEI % MAN S 5K H
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miRNA A &8t RAZOEE =& PCR Y
(CFX96, % [E BIO-RAD 7 wl)#E47T J , H:
RT-qPCR W ARZ N 12 uL, 43514145 SYBR
Premix Ex Taq ™ II 6 pL. cDNA #i#z 0.5 pL.
ddH,0 4.5 uL. E RS9 0.5 pLo R FEF:
95 CHIA: 3 min; 95 ‘CAEME: 5's; 58 ‘CiE k. #E
i1 30s, Wi 39 MEH, TRV 3 NEE,
1.25 RNAIR$THEIE 7F twist2 5 [H cDNA &K
FEA 513 1), 4 PCR ¥ 85K H
) R BEEAT DI LSO R 4lifk, & F-20 CH AT
#% M. fiiF DIG RNA Labeling Mix Kit (Roche) il
£ RNA BREF, VR RIT: 75O B 0%
HIELH] 20 pL PCR RWAK R, 437 DNA gifb; =4
10 uL. Labeling Mix 2 pL. Transcription Buffer 2
uL T7 [ 2 uL #1 ddH,0 4 pL, RSO 37 C
VL2 h, N 5ERUE A 2 uL DNA i 37 “C &
15 min, DLIH LTI AABEHR

1.2.6 EEHEBEMAELT SHH D AR A
FACHAR, FE X IR G & B RS AT . IR
R B ANFEBTBORIERE M, A 4% Z R H
i 1, ok U B RS VR IT 20 CukAE TR
175 TR SRR R 100%~25% i B s )3 42
K, 5 pg/mL &G K EL(BZERIA b EE, &
THIALFE 1.5 min, PUCHIAAIE 2 min, O
2.5 min, IMLRAGIRIIALRE 8 min), Fi 4% PFA =i
HREEFMA 1 mL HYB 24588 (& 1 mg/L 1Y
RNA #R50) T 65 ClEIRA SR’ 50% T ki
HUkE, WS EEhUA 4 CHRELK, &5
JMAYL . (BM Purple AP Substrate, precipitating),
4 CREPRBECHEAT, 4F 40 min 78 BB R LY
o, Jes s, A 1 mL PBST Xk
JNE, R AR AR T SR R A 24 28 45

X AEAN IR B s 2R 4 7 EGCR 5

1.2.7 SEEAYURSEIE  BEYLEE 18 RAEEEMHR[T-
A (98.32+0.53) g], J3JIE R4 ALk Ab
L (3 d A7 d), BRAH 6 A, o BIFE0E T E— M
M B 0 A6 B, DL A B &5 o) R T EORE, WA
e B TR KAE IR

1.2.8 HFESHITHM BB BRI LI H+
PRAEIR 22 (X + SD)FrR, K 27 ki | 5k

RIFEA [ AR Z ] B AR SR8 & o B i 2 IE A
34, i SPSS 19.0 # it 4T BN 5 200
(one-way ANOVA)ISHHRN BN, E2RE¥H
f}i8 52k Duncan’s {E#E1T 2 8 LKL 50, P<0.05 3%
NEAGIEE

x1 KAEESY
Tab.1l Theprimersfor RT-qPCR

Bl FH1(5'-3")

sequence (5'-3")

51443 B

primer name

twist2-F AAGCTCGCCTCCAGATACAT
twist2-R GCTGACATAGACCAAGCACC
myod-F CAACGACGCCTTTGAGACCCTG
myod-R GTCCGAATCCCGCTGTAGTGT
myog-F CGAGACCAACCCTTACTTCTTCCCT
myog-R GACTCCCACACAAGCCCATCAT
rpl13a-F CACAAGAAGGAGAAGGCTCGGGT
rpl13a-R TTTGGCTCTCTTGGCACGGAT

sch-miR-204-F TTCCCTTTGTCATCCTATGC
sch-miR-30a-F TGTAAACATTCCCGACTGGA
sch-miR-30b-F  GGTGTAAACATCCTACACTCAGC
sch-miR-30e-F  TGTAAACATCCTTGACTGGAAG

twist2-ISH-F ACGGCTTCAAAGGTGGACAA

twist2-ISH-R ~ TAATACGACTCACTAGGGCCATCCTCCACA
CGGAGAAC

2 HRE5SMH

2.1 5 twist2 B E F S 4$FEF AR U 1

twist2 1Y) cDNA 541 ORF [X. K &}y 486 bp, %
o162 A B . K fE 2 T. B ExPASy-
ProtParam TR 3 H7, 5% twist2 3 K] fr g i o 3
PEPEBURAIEANER 2 firzs, HorFio4 18.33 kDa,
FEHL T (PN 9.45. ZE G 20 1~(Asp. Glu)
R IERR, 26 1~ (Arg. Lys)BitE&E MR, Hpss
QIR G, MEAR ., REARIKZ ., Twist2 &
F Y S5 K P2 2808 —0.903, Ui IZE N
FEARMEE A, X Twist2 8 AT BERR AL A7 5 Al
N-BEIEALAL ST, A 30 S ER AL A i1 2 0
5 A N-BURE LA 55 o 040 5 {37 T 2%
R, Twist2 85 E 28 EA A% . 2k H NCBI
Conserved Domain Search T EFi, #% Twist2 25
PR SFES R T R (B 1) A 1 A TIRRI
Fl—A~ twist #E, J& T bHLH 25 #3888 5%
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[ B, R A 7E 26 B4 SOPMA  Tii I 1 %
Twist2 8 H 1 a5/ (F 1b), HEAP 49.38%
AN o-1R 1€, 41.98%BlHLE 454, 3.09%09 ik
HEF 5.56%M B-%% M. RATEL M SWISS-
MODEL #i{l] Twist2 & [ = HEEMBER(E o),
HAG W B IR e F— AN IE 2548, #54 bHLH
EAME.

* M DNAMAN F1 GENEDOC # {1 ¥ %
twist2 F[F BT gt 1) & L R 1y 9 5 Al A kA T

F®2 B wist2 BEEEHMFNE S ELISE

Tab.2 Summary of twist2 genein Siniperca chuatsi

F8F5 item HF#1iE properties

Pt K chromosome LGI12
S /bp total length 3 620
CDS & /bp CDS length 489
FHPRECH /> number of amino acids 162
4y /kDa molecular weight 18.33

Z5 6 45 theoretical pl 9.45
A58 T80/ number of exons 2

ST 454 15, conserved domain bHLH
14555 K P F8 #X average hydrophobicity index —0.903
V4 i 22 3 subcellular location MR, &N

LA R R BN, 6 twist2 B 5 H A S HE
S B B FE IR 7 51 2 18] 9 7 5 AR RL R 45 i (L 2),

a} 131,2 162
[ , basic HLH_ [

51 141

b
oo O SORO f  »

20 40 60 80 100 120

20 40 60 80 100 120
c Loop

~

5 Helix1
\‘H;lw

K1 8} Twist2
a. PRSFESHIIR; b, ZREEM; oo =S5 M.
W o BE; SR BATR; A TG,
ZLfh: JEAREE.
Prediction of the stucture of Twist2
in Siniperca chuatsi
a. Conservative domain; b. Secondary structure;
c. Tertiary structure.
Blue: a- helix; green: - turn;
purple: Random coil; Red: Extended strand.

LR T

Fig. 1

% Siniperca chuatsi 52
KB Micropterus salmoides 52
Vi34 O TRy IOl E E GS 8S PVS PVDS LUT SEEELDROQKR! Sfer d 54
j(ﬁﬁ Larimichthys crocea EEGSSSPVSPVDSLVMTSEEELDRQOKR! 54
R H B S Thunnus maccoyii 54
JREABEAE Epinephelus lanceolatus 54
ey o EEES8S PVS PVDSLUT SEEELDROGKR 53
%% O;yzjas latipes EEGS@ PVSPVDSLVUTSEEELDRQQOKR ] 54
N Homo sapiens 51
INE Mus musculus 51
bHLH domain
DNA binding site
4% Siniperca chuatsi | b0 SYEELONQRVLANVRERQRTQSLNEAFABLRKI I PTLPSDKLSKIQ U
KB Micropterus salmoides | b0 S YEELONORVLANVRERQRTQSLNEAFASLRKI I PTLPSDKLSKIQ [
BBt Cheilinus undulatus | JiOSYEELQNORVLANVRERQRTQSLNEAFASLRKI I PTLPSDKLSKIQ IR
K4 Larimichthys crocea | 109
T IE4E &M A Thunnus maccoyii | fi0 S YEELONORVLANVRERQRTQS LNEAFASLRKI I PTLPSDKLSKIQ UL
WHRA PEEE Epinephelus lanceolatus | PSYEELQNORVLANVRERQRTQSLNEAFASLRKIIPTLPSDKLSKIQ MY
BEL 4 Danio rerio | Ji0 S FEELONORVLANVRERQRTQSLNEAFASLRKI I PTLPSDKLSKIQ [N
ﬁ@ﬁOUgMSMﬁp“ | O SYEELONORVLANVRERQRTQSLNEAFASLRKIIPTLPSDKLSKIQ 109
N Homo sapiens | 105
JINEL Mus musculus ! 105
% Siniperca chuatsi 162
K1 BB# Micropterus salmoides 162
W BB Cheilinus undulatus 164
ﬁ@ Lartmtchthys [e T L KLASRY IDFLEQVLQSDEMDNKMSSCSYVAHERLSYAFSVWRMEGAWSMSASH 164

M 1588 &R AE Thunnus maccoyii
JeHEA R Epmephelus lanceolatus
Lyt Danio rerio

LKLASRYIDFLEQVLQSDEMDNKMSSCSYVAHERLSYAFSVWRMEGAWSMSASH (Y]
LKLASRYIDFLEQVLQSDEMDNKMSSCSYVAHERLSYAFSVWRMEGAWSMSASH (Y]
LKLASRYIDFLEQVLQSDEMDNKMSSCSYVAHERLSYAFSVWRMEGAWSMSASH EETX]

% Oryzias latipes LKLASRYIDFLCQVLQSDEMDEKMSSCSYVAHERLSYAFSVWRMEGAWSMSASH 164
N Homo sapiens 160
INBL Mus musculus 160

K2 g5 HAY) R Twist2 223175

Z A X

FALRRGRIE B RR P 9 Z AR ARBLBE, AIRLRE By, SRR AR AL b AT (4 B
Fig. 2 Multiple sequence alignment of amino acid sequence of Twist2 in Siniperca chuatsi and other species
The color on the amino acid residues indicates the degree of similarity between the sequences.
The higher the similarity, the darker the color on the amino acid residues.
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JeH ISR B, DHLE I C A, FOP 5T e BRI A0 AL TR AT ek, I A R

(Micropterus salmoides) Twist2 Z MR FHIAHRINE  HUGERFIZINL, ABLEFE o 25k s 3R (# 4a).
9 100% SBEDAAHRITE R 91.46%, 5 A (Homo  thah, IRIG & B A R I3 A 46 2% 3R | 7%, twist2
sapiens) Twist2 Z 5L TSI AR 86.59%. BE KT 95 8 AS WG A & B Be A A 3Rk, (HAEARTR]
2.2 EBEHR twist2 EFE A miRNAS T il i i KRB B B RIA 2R, JEm IR A,

A miRNAs 5 twist2 mRNA 3'UTR XHE.AN  MARZIRIIIT 46 W35 71 i (P<0.05), Z 21k
455 W H WA A DR SE M, TR & B FEAE, WSO Z 5 e Rk (Bl 4b).
TargetScanFish fll RNAhybrid fiidtG 8 4 4>

o o schmiR-306
miRNAs #1707 (K 3), 458 &K miR-204, ey
. . . -miR- I ° twist
miR-30a. MiR-30b, MiR-30e-5p 45 58t tWist2 s 3 UTR © ® Sy,
mRNA ) 3'UTR ¥ F R 25 G 05 . sch-miR-30e-5p s : -
. o : \x“‘f:g,\u.\.\’w-a
2.3 % twist2 %.Hif.—:i@uﬁﬁ twist2 3 UTRQL 3Ty % sch-miR-204 e
AR twist2 FERh R ABIA, R o/ wist2 3 UTR
RT-qPCR % AR 7 HAESR. . . . 5. L K3 miRNAs 5 twist2 3'UTR HI%5 47 5 )
. y . Fig. 3 Predicti f bindi ites bet
AT AL SR, wisi2 LT 3 Pelictonof bnding e btween
2.0~ = 151
g a n—g, x+SD g b 7=6; SD
(53
%é 15r be pe ﬂg%
&g & glor
% 81.01 ab ab ab mg
£ g 25|
%g 05F 2 %é’ b
AL a0
g, 2o r‘|r‘-‘1r‘|
1 2 3 4 5 6 7 8 123 56 7 8 9 101112
24 tissue W EZ BB tages of embryonic development

P4 B twist2 3 R 25 Rk i
a. B twist2 JEH I LUREB, 1. 0, 2. B, 30 M, 40 K, 5.0 2L, 6. AL, 7. KF, 8. M b B twist2 SEIN IR & B R A,
LORZHEON, 2. RZUY, 3. JER, 4. RGP, 5. e, 6. AL, 7. RAFI, 8. WLAUY, 9. (O, 10, MLIRAEIR G,
11. Mg A, 12, IR, ARVING P8 30K R A7 A8 1 35 1 25 7 (P<0.05).
Fig. 4  Spatiotemporal expression profiles of twist2 gene in Siniperca chuatsi
a.Expression patterns of mandarin twist2 gene tissue, 1. heart, 2. kidney, 3. spleen, 4. brain, 5. red muscle, 6. white muscle, 7. liver, 8.
intestine; b.Embryonic development expression patterns of the mandarin twist2 gene, 1. unfertilized eggs, 2. cleavage, 3. blastula, 4.
mid-gastrula, 5. neurula, 6. optic vesicle, 7. tail bud, 8. muscular effect, 9. heart beating, 10. blood circulation, 11. pectoral fin
primordium, 12. hatching larvae; different lowercase letters indicate significant differences in expression (P<0.05).

PERIL, ERFMMIRTThREFE, ERER
(S AE A 28 s B S 2 TR R A

2.5 AR EIXFER twist2, myod 1 myog E

FIH twist2 5 SCHREE, SPRPARI R BERINS  EREEmn

ik 20 MOE R &R, AT AGIE T8 IR KH RT-qPCR HAK M T twist2, myod F
JRfr a8, Rl twist2 FESFPERINE L. 48R myog ZESEAS [Rl LR AL BE R LA i 2855 15 00 o 45
Kl 5 B, R twist2 BRIATEARRIRR AT B REU(E 6), 1EVLIH 3 d if, myod Fl myog 4 %1k
BIHAFE R A G, K CRHEEBINZ B3 T HP<0.05), T twist2 2L 133k K F Tt
I R, (HIEMAEMINIT G IR % (P<0.05); 4914 7 d BF, myod #1 myog ik I

2.4 R twist2 EEERBRAEMEHNRIEZLA
MENL
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1 2 3
A
4 5 6
o
e ‘
7 8 9

- 9 i
v

Bl 5 5 twist2 He PR s ik
1. BRZ, 2. BEARHA, 3. JEA R, 4. PRI, 5. MR, 6. EEEFA, 7. WLRON, 8. (OHEHA, 9. IVEAE .
Fig. 5 Temporal and spatial expression localization of twist2 in Siniperca chuatsi
1. cleavage; 2. blastula; 3. early-gastrula; 4. neurula; 5. optic vesicle; 6. tail bud; 7. muscular effect;
8. heart beating; 9. blood circulation.

200 pm

257 n=6; x+SD twiStz ;:(3) 237 -:g myod " 37 mms0 mes
> —
i 5 20t T 57 I g2, mms? - E 23 n=6; x+SD
X'z Az n=6; X+SD e,
wmELst Koist H“§§
%.21.0' Eg 1.0+ Eﬁ]-
m S K= * | g -I-
0.5 # 05 # 5
0 s0 s3 s7 0 sO s3 s7 s0 s3 s7
YUK R %E/d fasting day YURKE/d fasting day YURFE/d fasting day

6 IAYLERIENAJE twist2, myod, myog 3 K 7E 8% LA A ik 22
sO. s3. s7 AR 0 d, YUHE 3 d, YUHR 7 d; *FRERAIXS R I5 B B35 122 5 (P<0.05).
Fig. 6  Differences in the expression of twist2, myod, myog gene in Siniperca chuasi muscle after short-term starvation stress
s0, s3, and s7 represent 0 days of hunger, 3 days of hunger, and 7 days of hunger, respectively;
* indicates significant difference in relative expression (P<0.05).

T, T twist2 B AYERIA 5 X R TN 2R 2.6 AREIULEES B XTER microRNAS &% #20

twist2 F1AE WL 5 PR 1 01 LR 0 25 SR Ik K H RT-qPCR HARKM T miR-30a, miR-30b,
twist2 BYFRIEE I FFHE TR, W myod  miR-30e-5p. miR-204 7E 6 A A Uik AL PR AL
H1 myog By ik EEUE TR LT MERIBTEOL . G5 RERW(E 7), FEVUHRPHE S,
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%31 %

M) twist2 LA 9 miRNAs 2 0 90 5 38 P T %
(P<0.05) . 7EYLHk 3 d J7, S5YLEK 0 d ZLAH L, twist2
I8 E miRNAs BRBEMB B WA, 7
YUk 7 d J5, miR-30a, miR-30b ik 5Lk 3 d i}
FeAA BT THES, T miR-204 kR4 TR,

—
W

_E
2 —3s3
» Z w57 n=6; x+SD
# E
&5
= =
2E
zs
E2
=
[
miR-30a miR-30b  miR-30e-5p  miR-204
FH gene

B 7 YUk miRNAs LA Rk 2 5
sO. s3. s7 ALK 0 d, WUk 3 d. WUEK 7 d;
*UEHA B 12257 (P<0.05).

Fig. 7  Differences in the expression of miRNAs in
muscle after short-term starvation stress
s0, s3, and s7 represent 0 days of hunger, 3 days of hunger,
and 7 days of hunger, respectively; * indicates
significant difference (P<0.05).

3 itig
31 twist2 EEF S

Twist2 YER—FiE A+, S 5HZ2 5 H
SRR, e RS MyoD Mef2 454, TE
JILIA B 2 75 aed ol ) d A Ve 2 L sh
Y Twist2 A% 3 DIIREST M B BEAC 45 1) g
(basic) . HEiE — IR — 1 E 4% 4 Bk (HLH) A1 41 i) 4
(twist)?H, EFH R LS B 2F 07 AR Twist2
AT N, S5 R R S+ Twist2
[FFEH AT bHLH Z5#51, 45934 1% basic £544
BN HLH X5, /=55 ) DNA 55856 S %
TP MEE G, Jfee 5 A A A 5E/ERHIE
BCEA TR R, 5RO BET | B0
NEEYFR B FI AR RIEAE 85% LA b, TERHESIY)
T BB AR . PEHRE /N Twist B Z6E
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miR-30e-5p 5 twist2 mRNA ) 3'UTR J¥ 57 1F
A RN S . FEARTEFR VUSSR, EYUR
3 d & TN 1) twist2 2 R ) miRNAs 2k Kl
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Sequence characterization, spatiotemporal expression patterns and
predictive analysis of miRNAs targeting twist2 in Siniperca chuatsi
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Abstract: Twist2 (Twist family transcription Factor 2) is a member of the basic Helix-Loop-Helix (bHLH) family
that plays an important role in the regulation of animal development. However, the expression patterns and
regulatory roles of twist2 genes in fishes are poorly understood. This study aimed to understand the expression
pattern of the twist2 gene and its functions in the regulation of muscle development in Sniperca chuatsi. The
twist2 gene sequence was obtained from the transcriptome database of S. chuatsi and Twist2 protein
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characterization and homology were analyzed using bioinformatic methods. The protein encoded by the twist2
gene of S. chuatsi consists of 162 amino acids with a conserved functional bHLH structural domain and the results
of multiple sequence comparison based on the amino acid sequences showed that the Twist2 protein has a high
similarity in vertebrates. The spatiotemporal expression pattern of the twist2 gene of S. chuatsi was analyzed by
RT-qPCR and the expression pattern of the twist2 gene was found to be differentially expressed at different
developmental stages. The expression level was low before the mid-gastrula stage, increased significantly from the
neurula stage, reached its highest level in the tail-bud stage, and was widely expressed in S. chuatsi tissues; its
expression was highest in the spleen, followed by the brain and red muscle. Whole embryo in situ hybridization
was used to detect the localization of twist2 at different developmental stages in early embryos and it was found to
be specifically expressed mainly in the neuroectoderm and somites. Targetscan and RNAhybrid tools were used to
predict miRNAs that might target the mandarin twist2 gene. miR-30a, miR-30b, miR-30e-5p, and miR-204 were
found to potentially act on the twist2 3' UTR, suggesting that twist2 is a potential target gene for miR-30a,
miR-30b, miR-30e-5p, and MiR-204. The short-term starvation stress experiment in S. chuatsi showed that the
expression of twist2 after three days of starvation was significantly negatively correlated with the expression of the
above miRNAs, suggesting that there is a potential regulatory relationship between twist2 and the above four
miRNAs. Therefore, the results of this study will contribute to understanding the sequence characteristics and
spatiotemporal expression patterns of the twist2 gene and the functions of potential upstream miRNAs in
regulating muscle growth and development at the molecular level, which will provide a theoretical basis for the
developmental biology of fish, as well as for healthy aquaculture.
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