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IS &5 twistl F1 twis2 EE = [E R EHE
ALElRI & L 2P B FRIE

sl W sp 1* N 1 2 == 1
oW, EBEMRF, BEKE, K K, HWE=E
(1. WK =B AR =0, WiTl /K 323000;

2. WK PE R % SR 2=, Wil Wik 323000)

TR EAM P HEAESE 2 M wist LH, B owistl Foowis2, — Xt EHNEEEAN
WA o HH K E B wist] Fr twist2 5 LR R E 8y A8 X M, 23w B 45 B T B 4 wist]
Fuo twist2 2L H cDNA 7 5] BB FF LA 4R T, BFE#HTWISTI fr TWIST2 5 H iy
KR TR T, AEH S -85 (HLH) 454 850 & A -1 &% (WR) . 24
HUM SN EA, BEHTWISTI fn TWIST2 530 L g 4 X A Ry HHL. BARALEE
PCR 4 M| % 3N & #F twist] Fn twist2 3£ B 75 B A B0 W 8 4 8 o 358 Kk ik, twist] 15 ) 8y
kEERE, CHEFRZ, EEEFYERELAERK. wis2 F LIk FE TN XL ER S,
TEENEF Rk E R s, twistl Forwist2 3 B B & 3k B 78 AL R B (B 4 K
BEAAERET . AREH, wist AR SAEAR G A — XK. AAXRERESL

G kR ERE T owist X, FBT T owist
B #k wist 25 g Ak DL BAL IR Y Rk B9 - T AL L 4R Bk R 204
Gl

¥ o3 —
KGRI B 4 owist; HE Kk ALE A
FEISES:Q786; S917.4

J& i (Hemibarbus labeo) J& #1 I H (Cyprini-
formes) ## F} (Cyprinidae) V. #} (Gobioninae)# J&
(Hemibarbus), IR/KIKW @IS, BIHHERR T,
DKAERICHE, FEHMGTHEEAT. HA
DL Rw L, A AL 2 — R, R R A
AR Z2 LTA] a0, L Ia) ol 2 A5~ A 15 79 L 1) v
M REPERE 1, LRSS 4 H AR s iy
LAY A N[5V T2 o v G L1 o
(i) P 248 i 2 728 Bk 1R A RS UL IRD 0 Y AR 52
M) 7 2 B R RN T BT LR A R 2
KA B VS AE 1 43 1 O A BT H30 BR UL
() 34 B9 7 9 o
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B 5 ALE R E AR . FFRER

XEkFRERRD: A

HEr ik, EEEY, B D0 (Danio rerio)™ .
% (Hypophthalmichthys molitrix)'® . 3k @i (Mega-
9] Y (Carassius aur-
atus)® . ¥ ] B (Cyprinus carpio haematopterus)”
& 58 (C. auratus cuvierixC. auratus var. red)!"”
S5 R S R b JUL ] SRR 25 A A Ak 4T
W, R BERIE H a2 UL A A 2R AR R
] KA R AR UCE Ak, 2% RO 2 4 L TR] 48] 45 2
Mt B 1B & e ok iy =2, Ry, Bk
11288 JUL T 3R 14 A 0 o A Tl R S B R T
SEMZ IR

Bl PN A0 56 T £ 28 JILTA) 3R & AR 9 2 5 AL AR O

lobrama amblycephala)™ .
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490 KopE o R 45 4

TA A AF SR 4l T AT R o 2015 AR A 5% A1 BA T
WARIE T — A L)) & A AH G ZE ] (muscle seg-
ment homebox-C, msx-C)", WA %= & LA
B SR LR U JE A (sclerostin . sost) FHEM;
A EE TIPS KA A G (bone
morphogenetic protein, bmp) T fE-5 LR TE A, |
G3 A FGEREAR DG ILTRDRIAE Sy — B B A
AL b, HR AR S e A HE S ) Y
B ) 19 A A R WU, DAL o ] DL 2 2 s AR A A
Sl W R AR B AILER R R AT A0 28 L 1A o
RANRUTIIE . &S5 HES W i k' 1)
FESAEEE, ERDa Wik i RsF,
B msx-C. bmp2 F twist 25 3L H 5 5 6 5 5 1k
A A L R

BT, A I A1 BATE IR B LA % St v &
BT twistl F twise2 B Kl cDNA J¥ 51 . TWIST &
12 5 B R ST A B B8R € - 2R B2 E (helix-loop-
helix, HLH) ¢ Ji% 1 i) % 5% R 7159 78 HE 3
YR AFAE R PRl owist JEH B owist] B twise2 B
PRIUTS pwisel FT owise2 BE R0 BHRE 19 & B BAT
FEVE Y owisel F2 PR AT LA i) 1] - 248 6 ) 1o
Y M A, a0 an FH W OSUOIA ) ewisel () 2638
AT LA 3 [ i 48 6 [ BB 40 Y 23 A6 twist]
FE PR A AT DL S 5 S e 2 A i Y i A Ak
WA & B, twist2 FeRAE B 0 3k,
AT I ) 95 R A0 LR AR AN, wisi2 KR
[R5 ] i 440 B o3 Ak B &5 4 41 20 B — 2 1 A %
PP 28 B, HEI twise FE R Y 2258 5 L R] ) Y
KA RRAEAE SAAE OCHE o S W owise 3 1K 5 L
) 3 % A A e, AR BF IR v [ I B twise 1 NI
wist2 e, € A AEAS [ A 2 1 Rk
55 LR B =2 R S E R i B oA
R fa 2 LA o BT ek B L TR I 143 1 AL A
A5 B9 LAl

1 MRS JTE

1.1 SRR

J& B AT R FORR AR B [ T K A B SE I
R R RN, NZHKIS 29d TFiG, B3 d
WRE 1R, —HHE 62d, 4% 2R EIHEE,
FWAF, HTHRaOpEE ., B, faRi
WL [ 2 T RNAFEAR R AW, A7 i T 20 °C,
FH TR twise 55 5 LD B A R A G . Lk
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A, BUR il fofi B 2 20 FFAE . B AE . BT
R . WLA. BEZRK . B5) [ T RNA K
AARTEW ., TEILT—20°C, FHTH M pwised R 2H
MR,

1.2 [E 48 twistl F twist2 ZF cDNA B[E K5
H 53 #

J& Bt twist1 F1 ewist2 JE ) cDNA JP 512K A &
B LA B A, 3 o RT-PCR 45 & I T 56 1F
cDNA J¥ 31 i) BS54 o 1 56 T RNAiso & HUR
B LY ZHZUE RNA, FIHT AMV I 55 il S % 5%
A% cDNA 5 — 4k, FJ5#E17 PCRY™ 1Y, Hils
W58 J5E v DK ARSI, DD ImT S PCR 7™ W i 422
TLMAL pGEM-T 2k, 56 4L 2= KA HT 7 TOP10
JEAZ SN, A AR R 26 R T AW T 7%
(1) ety A BR S WY . fdiFH ORF finder (https:/
www.ncbi.nlm.nih.gov/orffinder/) 7& £& %k 4 #5 4% H
J ) 2 HE 5 B ProtParam (http://web.expasy.org/
protparam/) £ 2 #4150 2 i 5 1 0% A
i F ClustalW (http:/clustalw.ddbj.nig.ac.jp/) 7F £&
AT Z 9 e xs s FHH MEGA 7.0 #0441
LRI A R LT, 1000 K Bootstraps, H:
b Z {0 R AE

13 EHERIARE

R T 8 UE R AL D AR 4 A SRR Y
R Al oy o A A TR R A e B Al
TKEEVE 4% PFA [8 2 B A5 A 3K, 51K 30 min;
FEARMAE 1% KOH 1, 3% fin > H,0,, 5856
TRAGT ABREFE; PR TS AR LR
[100 mL /A & : 65 mL ddH,0. 35 mL 7 F1 81 ik 4
ih (Na,B,0,-10 H,0) i . 1 g REE (B ] il
b, HELIUAHLEN; H 1% KOH Y
JUR G BEAEZEE WD, T LR 6 &R 20 W
(1 g#§ KL% F 100 mL 0.5% KOH) & & 748 il Ix
af, e, IR 1% KOH : Hil (kb
Bl 3:1,1:1, 1:3, %121 24h), RIGMHMHF
T A DV B E b H

1.4 SERTR A E = PCR(RT-qPCR)

F| F RT-qPCR K65 J& i twise1 F1 ewise2 3 K]
Mk, F RNAiso fli $#2 ££ 4 & RNA, DNase
[ 43 5 RNA, I AMV [z 5% 5% i 52 5 5 35k
3 ¢cDNA % —## . f# Fl BioRad CFX96 Touch S}
POEER PCR 2407 RT-qPCR, SWAAZR: SYBR

R E K P72 22 3240 sponsored by China Society of Fisheries
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434 Br o i, 55 B8 owisrl Al owist2 56 1R v R K HAT JULIAD 1 Al dd 72 iy 2R3k 491

Premix Ex Tag(2x) & M1 12.5 uL, cDNA ¥4z 0.5
ul, 1% (10 pmol/L) & 1 pL, LA ddH,O #b 2 &
25uL. JWVFRFF: 94 °C WA 300s; 95°C30s,

60°C30s, 72°C30s, 40 PEH . RT-qPCR il
gh LAl 27 5 B4 MY, LU B 18S rRNA 1R
HNSEE, BT IEE 1, AR EE 41K,

*1 59F7%
Tab.1 Oligonucleotide primers used in this study
e i FA1(5-3") P&
primers sequence (5'-3") application
twist1-t(+) CAGGAAGAACGGAGAGGACT B R 50 e & 519
twist1-t(—) CTGAGCTTGTCCGAGGGTAA H 3 HE b =51
tWist2-t(+) TTTGCGCAAAATCATCCCCA H 3 HE b =51
twist2-t(—) TCCATCCTCCACACCGAAAA H 3 HE b =51
188 rRNA-t(+) AGAAACGGCTACCACATCCA WS HEH %R S =51
188 rRNA-t(-) CCGAGATCCAACTACGAGCT WS HEH 9 511

e+ RS, - RS

Notes: +. forward primer, —. reverse primer

1.5 BUESH

Jr A B Y LB bR R R s .
IBM 7 7] SPSS 13.0 B F ¥E47 P & 7 22 04,
P<0.05 #nfa B EELER,

2 R

2.1 E8Bewistl F twist2 EEFEF| 9

[ i twist1 FEK cDNA J# %] (GenBank & 5% 5 :
MN478415) i 744 M H R A, B& —1TH
522 AN A% IR 2H R TR R AHE AT gt 173 A
MR, TR 8 TWISTI 5 A K/ R 19.7 ku,
PRI S 5 R 7.67, B B rwisr2 3 K cDNA J¥ 51
(GenBank% 5¢ 5 : MN478416) H1 1 095 > 1% H 2
R, PR B HE €L 495 AR, T 4 6%
164 NEFR , TWIST2 HEH K/ 18.7 ku,
WEH SR 948, Z 74 X /R 28 TWISTI
FTWIST2 fRsv v, H & #h B A 18 e -5 -
W TiE 25 #4) 45 R 8 S R -4 2 MR (tryptophan-arginine,
WR) Z5 38 (] 1) R Gk F W1 B on 5 i
TWIST1 #l TWIST2 5 [a] Ay B F} £8. 25 19 BF 5 £ (1)
TWIST1 1 TWIST2 & M43 (€ 2),

22 EHRABREINETELEMEHES
HFE

RTS8 UE s UL RD AR 4 A SRR B
FHPE R 200 5 A R R B B et (18] 3), Yefn
SEREW, R EIARALER SR T 4 BB

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

810 B: WS 29 dUAK 17 mm), B ALIE] 5]
A, T A T R B R 2 B e
4 (K 3-a); B EBE: WML 35 d(A K 21 mm),
FEHR A 36~41 LAY M BE 12 Mok B my L) ), 5
36 WL AR ILIRL A B2 292 0.57 mm([&] 3-b); BirBe
. $#4k)5 41 diE K 24 mm), BB 36~41 L
7 LR A AS P8 22, (E AL TR) 4TS 4k 252 ) i
ik, 5536 MUTTAUERERC LR 0.81 mm([5] 3-¢);
EIVE B WAL 56 AR 30 mm), B
B N R AR AR AR, s AL TR L A
M, 55 36 AL Ak WLTE] RIS B2 29 2 1.26 mm
(1% 3-d)o Rt IRIEE, UL ] )t DA R 36 38 Sk 35
BUTEREA R

2.3 E8Btwistl F twist2 EFELEFFKIX

FI 2 M6 B PCR KL twist1 F twise2 F A
P i Rt AN R AL 20 [ R R I L, 25 R R,
twist] TEWG YRR e, Ok, TER
I e e A i AR . owise] E I T 25K B R TE I
WY 4.5 1% . FERET owistl,  twise2 7EA [a] 41 21
6] F) 6 3R B 22 S AR, rwise2 AE B2 P RN o i
R, EREh R E R, EEK D
() e 3k B R TE IUIE P Y 140.6 1% (&1 4),

2.4 FLERIBEIEIESD twistl FN ewise2 EE B
EPUN

TE U] B A B9 4 A S BB B, Al T
twist] Fl twist2 FER Y FIRIEN, G5REIR, twistl
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492 KopE o R 45 4

TWIST1

JET  Hemibarbus labeo

BEL # Danio rerio

¥ §ﬂ fn Pelteobag) us fulvidraco

i rh)ztas latipes

ROl Takifugu rubripes
" Scophthalmus maximus
bﬁi Astyanax mexicanus

(G5 LedC s - - -

&8} Hemibarbus labeo RS s P OSEHL O TORYMANYRERQRTOS

TORVMANVRERQR LEEKITPTLFSDKLSK
JRVYMANYHRERQR NS LEKIITPTLPFS DKLSK

El.'}_l{\'l\l.-\.\\-’l{ER{:;IR' NE Ll(I\JIPILP\JJI\L\
DRYMANYHRERQR P\[Hh'lll—’lll’kl)hl. K

3 I

?@ﬁﬁ'—l Pelteobag) us fulvidraco
%zmv latipes

91“’%?7:7 Bl Tukifugu rubripes :

K8 Scophthalmus maximus TTTPTE TGS G GPGES(

BVGEINAREE  Astyanax mexicanus s

JE#E  Hemibarbus labeo

BELyft Danio rerio

i Pelteobagrus fulvidraco

=l

L Or)ztaa latipes

LB AT Takifugu rubripes

KZEWE  Scophthalmus maximus
BVGEFNNARME  Astyanax mexicanus E¥

TWIST2

B Hemibarbus labeo

b "519 Danio rerio

zﬂ h Pelteobagrus fulvidraco
Oryzias latipes

R Takifugu rubripes

iﬁ‘{t Scophthalmus maximus 55 P

BUGEFUNIREE  Astyanax mexicanus BIEN~ G

++E>1-‘31 ‘a-k

=

Hemibarbus labeo
Danio rerio
Pelteobagrus fulvidraco
s Oryzias latipes
525 7l Takt/"ugu rubripes
ﬁ'!: Scophthalmus maximus
EFUNARIE  Astyanax mexicanus AR

iyl

HEANTRESSE I
ﬁ)%t\ﬁ%?&m

PENDKLSKIQTLELASRY

WR domain

= Hemibarbus labeo AFS VWRMEGAWS MS AS H 164
XLl Danio rerio 5 AS

53’77 fa Pelteobagrus fulvidraco

I%Zl(l.) latipes

zf il Takifugu rubripes
g1 Sco hthalmus maximus

ﬁEH-mﬂH‘RX m

1 TWIST1 1 TWIST2 & 8 5 5 bt xF
FA R R BVR LRI (RE N 60%), BFRHFRERRE, SWERET R )
Fig. 1 Multiple alignment of TWIST1 and TWIST2 sequences

The threshold for shading was 60%, similar residues are marked with a grey shadow, identical residues with a black shadow. The predicted domains are

indicated above the alignment

BB DU R R E , RIXEBEHER, 5

BrBL 1 Heg, owisel 2 AR Y BEIDATIV A A9 2 3K

R A, S LTS I A PR A . owise2

SR NBY B T 2B BTN Y 3k 1 0F R &k B 3 IR 025 TWIST1 Fl TWIST2 2 185 & A v i 1%

Ak, BT BBV H R IR EA B ERRK (K 5). SFRY HLH F1 WR 2SR, FiRE5 54575, TWISTI

e HTWIST2 45 [ Al BEAE 28 B % & & R vh 49 1
HEEMO,

B MM E 4k, TWIST & A2 0 runx2 1Y 3%
Rk, 12 RUNX2 & A s, M
SEET R AL PR TR G IR I 8 L X &

3

KRG R W8 twist] F ewise2 FE K 5 L] 3 %
A A G, AR BIEGY T A B TR B twistl A
twist2 =N ¢cDNA J7 3 . 2 H IR ¥ 51 53 Br 4 R 1
/N, [ TWISTI A1 TWIST2 48 B HLH A1 WR
S5H9 55 . HLH %5 44 358 T 58 3 5 3 S A 4
B LR R 2 R A B g5y W nr 5
RUNX2 % [ HAER", RUNX2 & M52 H 40 i 2y
T b, fEEEEE R, twistl Al owise2
FE runx2 BHME R AN N 23k, TWIST & [ v] 3R

https://www.china-fishery.cn

i 5 ¢ 6 %E Bt PCR K M & LS B twist1 A
twist2 FE RTE BT A o R I 1 41 2 3 A Rk
twist] TE TR AL 2 rb 702 J3 A, A 7 il v
FKikirdmm, PR Z, TEMNEH R L &K
% AAXET twisel, twise2 KeH F8AE B2 K . SN
WL R, EHMAS P RBEERIC, 7
B R A B 2R GA RS, TR JIE AR 2R 08 B
%o FEBEE O RIG T, I owise 55 PR 7E Sk 0 A
2R . AR R R P IR R A R Al

R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

4 4 73

W, % TR B owist] A1 owise2 H R 5 [ F AR UIED A Al A2 v i 5k 493

72

PN S S

99

75

I R A

H  Oryzias latipes TWIST2BK006270

&3 Sparus aurata TWIST2XM_030427479
L K3l Larimichthys crocea TWIST2XM_010739887
YIEZR 0l Takifugu rubripes TWIST2BK006275
FBE Esox lucius TWIST2XM_010879851

Salmo salar TWIST2XM_014164291
# Cyprinus carpio TWIST2XM_019110510

@5 Hemibarbus labeo TWIST2

PEE . Danio rerio TWIST2EF620931

BTUEFINIREE  Astvanax mexicanus TWIST2XM 007256373

H% #ifh Pelteobagrus fulvidraco TWIST2XM_027164231
100L— 3¢ &5 SRHH  Ietalurus punctatus TWIST2XM_017469095
Eﬁ%‘éﬁﬁﬁ@ Takifugu rubripes TWISTINM_001104599
83

KZEWE  Scophthalmus maximus TWIST1CP026243
PE i AEfE  Lepisosteus oculatus TWISTIXM_006636041
Callorhinchus milii TWIST1XM_007899698
# it Pelteobagrus fulvidraco TWIST1XM_027175938
SBPUEFINIEEE  Astvanax mexicanus TWIST1XM 022668073
KIGHEAE  Clupea harengus TWIST1XM_012831459

Hil Oryzias latipes TWISTINM_001104707

63
Hifi&  Electrophorus electricus TWISTIXM_ 027001399
78 —C KIS # Danio rerio TWISTINM 130984
99 ® J5fft  Hemibarbus labeo TWIST2
0.02

B2 ET TWISTIH TWIST2 EARERFIINENREZLEN
Fig.2 Phylogenetic tree based on the complete amino acid sequences of the TWIST1 and TWIST?2 proteins

3 ESRALERE AT 4 K GRATH
@V BT, ML RSBl (b) BB, R DL
WU s (o) B BeIIT, REBALIA RIS K R 25 (@ MBIV, &

T8 FAY L I o A B R T 2 IBL I )
Fig.3 Development characteristics of
intermuscular bones in the four key development
stages of H. labeo

(a) Stage [ . the intermuscular bones haven’t emerged; (b) Stage
II. a few intermuscular bones of small length have emerged in the tail;
(c) Stage III. more intermuscular bones of greater length gradually
emerged in the tail; (d) Stage IV. all of the intermuscular bones in the tail

have a mature morphology and length; IB. intermuscular bone

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

B F ARG RS AR IE b, AT L e
A RIE G HES o owise K DR7E A2 B 15 KG: I
B, U HAE AR & A RN B A0 M T B AR
P wEE A AL, A, 78T PR owistl
B, AE A TR A Z B,
PO T AR A A BB Y, RS R
FEEIESE T ewise 3 R X T8 ME & A2 0 e B
A BRI owist FED7EH B35, H
F& twist FEPIAE LA A9 3R 38t i 7R 5 6028 twist
FE IR 5B AR A O

TEMEFLE Y, owise 3 X 889 & & R
PVERIC IR, twise] T LR 428 18] i 48 i 1] %,
B AR, twise2 55 8] 40 1 40 Ak B 45 4 40
ZURH O™, XL TrRe 5 NLE AL A k. B
M, SEEG KM TR W ewisel T owise2 FE PR AE L]
FE R 4 A SR ik . S5 BoR, Mg
JULTE) ) B Ak, TS B pwise 1 35 TR ) 36 0k 1 188 T
ik, 5B T i, fFEHBIMAIN G ERILE D
FRRAG,  BLR LRI E AL TP A B . twise2
FEDN B B T 2 B B I AY 20k 1 JF A & A4 i
EAE, B TR EIVI SRR A BERL, ®
B twise2 B e T ewisel, WAL, twise KPR Rt
T HLIE ] T A2 R, FERTBEIV, twist]
I ewise2 4 5.3 T H, $onF AR NLE R & A
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494 Ko %R 45 %
5 ¢ 1 160
54| A 5
‘@ oz 120 F
I 2 IH 2 ’
K g3 K 5
® 5 w5 80t
=B TS 40t
el H f £
0 0 [1
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
HR H
tissues tissues
(a) (b)

& 4 E45ewistl (a) 70 twist2 (b) AR EFZRIEDH
LJRE, 2.8, 3.0LA, 4.0, S BFAE, 6. 68, 7. 5%k, 8 Ok, 9. /K

Fig. 4 Constitutive expression of twistl (a) and twist2 (b) in different tissues of H. labeo

1. spleen, 2. kidney, 3. muscle, 4. intestine, 5. liver, 6. gill, 7. skin, 8. heart, 9. brain

1.5 X
g %
2 10 |
X g
i%é 5
S22 05t
s
E
0
[ o 1u w
KEHB
development stages
(a)
5

* UL 2E S B

1.5 *
E 4
B2 10t
95
Hﬁ 5
=205t
<8
E
0
[ 1o o w
KEB
development stages
(b)

B 88 twist1 (a) 7 twise2 (b) TEALIB)F B L A B B B9 3R IA

Fig. 5 Temporal expression patterns of twistl (a) and twist2 (b) during intermuscular bone development

*_ significant difference between the two groups

AR RREAESNEN, Wl GeF e
fEH . —HIReE S WK E & A ML
LERY B, BRI EA HLH Il WR 45 /958, 55 4 F
GER B, AN ewisel AT TG W owise2 1) 3R 3K
HMIE twist2 S >R AT RS IR owistl R IA, 3R
W B M E AR, 25 1, $EIR wist 5L
V) ) A AT — o A G

gE L, AW AT E] TR b owistl T twist2
JLH cDNA B3I, 78 T Hgms & A i 2Ly
GIRFAE o B PR 238 0 B 7 twistl F twise2 3 (K]
LR I rh Rk, AT twistl FT twise2 3 (K]
(14 22 35 5 LIR30 B fb A7 AE — 8 WA OGPk . ST
S5 SNG hy i — 28 R A 2 ewise FE R D RE DL L
Vi) SRV T2 o8 1 4 WL ) B AL e el 5l
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Molecular characterization of two twist genes in barbel steed (Hemibarbus
Iabeo) and their relationship with intermuscular bone development
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(1. College of Ecology, Lishui University, Lishui 323000, China;
2. College of Medicine and Health, Lishui University, Lishui 323000, China)

Abstract: There are two twist genes in vertebrates, namely twist1 and fwist2, which have a regulatory effect on
bone development. To explore the relationship between twist1, 2 and intermuscular bone development in barbel
steed (Hemibarbus labeo), cDNAs of the twistl and twist2 genes of H. labeo were cloned and sequenced.
Sequence analysis revealed that H. labeo TWIST1 and TWIST2 were conserved in most of the teleosts, and they
all had a helix-loop-helix (HLH) domain and a tryptophan-arginine (WR) domain. Phylogenetic tree analysis indic-
ated that H. labeo twist1 and twist2 were closely related to that of zebrafish (Danio rerio). Expression of twist1 and
twist2 transcripts were detected in all the tested tissues. twist1 was the highestly expressed in the brain, followed by
the heart, and the lowest in the spleen. swist2 had higher expression levels in skin and gill, and the lowest expres-
sion in spleen. The transcript levels of the twistl and twist2 gene significantly changed during the four develop-
mental stages of intermuscular bone development, suggesting that there is a certain correlation between twis¢ genes
and intermuscular bone development. This study, for the first time, cloned the twist genes in economic fish and
revealed the correlation between twist genes and intermuscular bone development. The results will provide basic

data for further investigation of twist gene function and its regulation role in intermuscular bone development.
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