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Wi 5T IR K MR,

HREM( Carassius gibelio) e E & H 1% /K F-5H
fi gy 1 B R KA R 1565 Yetath il &
kT R R PSRN,
e m e 21 R R R 0 £ G
AR B ALY, TSR TR 1
MR 2R T S e A SRR R R
A B A SR S B A T R R R, AT Sk
7T B AR SR A I e, AT SR 2HL N e 5 2R e
1615 3 78 2 44 R 5 R IX A ecDNAJ B (Contig_
16003), 1%%E K 5 BE 5 fi Ibh-likeFE K] [R5, 4 1%
HL DR AT R AE AR 6 S IR G B S g i R R I R
HOREEEEAE . AU 1ZecDNA B, v fE
T HAKCDNA, i 7B, g
DB SIS

1 #RERE

1.1 SEIepR

R AR 77 1 v B R B K AR AR PRI AT A
SCIGE M . QUSRS E MR AR . R B
Wi R, NI IERE. CEEE. FTFAE. EE. R
MRS OIS B Rk BB BREL. HREE DL 22U R
S g PR A A RS S SR T AR ZH ZART-PCR 73
BT o ) A 2 5% R 0 2 4 R AR 254 1)
TfA, Fl FRT-PCR 7.

TEBTEZET, X R 1 A S A B s

SR R i 2R LI R RN 22 R VR A gk AT A
TAEFA . AR 20, BEALE AR Y ik, A
HARHEOE . BT ECTE AR 20 A 78 09 7 i G 72 o
H HIE R R IE 1L

HURYSZRE G R B 28 M. 64, 256/
. BRI, S0%4NE A, EZFEHE. 44K 1A
ISR, 2d. 3dF4di IR T R R & i P
RT-PCR 7. HFRNASRE (153 Fh 2 2043 2H IR
& BT E R RE S 20 5 30 mg Al 30U AiG . U4 AR
M. 6481, 50%4MHA. 2d. 3dA14d50—
100 B i F T 42 Ao 4 52 S Y
1.2 Cglbh-bE[E cDNAFFI 18K F 5954

EIR 2 0% A 50 0 A 1) 2 R SR B RN AR 72
SMART c¢DNA Y %, MRNA#EH(. SMART cDNA
A AIRACE-PCRZ J A 5206 % 75 7% Jk SMART
cDNA & Gt 71 £ (Clontech) /B TF M. AR ¥4
YL 45 3 B Contig 16003 #B4) F 415t 514
(# 1). PCRY M1 Hy: 95°C HiAe ¥ 1min, 95°CAF
P:15s, 58°CiE k30s, 68°C ZEAH12min, 36 MEFF

fifi FAPONDR *VL-XTHft: f CgLbh-b3E I )&
SR FE 9 BEAT B AR AL TN 40 7. M Gen-
Bank (http://www.ncbi.nlm.nih.gov/) 5 & T~ %%
LbhFER 8 E P53 2), 8 FIMAFFTH A %)
R BIHEAT AL HERY, I F BioEdit i 47 N TS
1EP, %4 Jones-Taylor-Thornton (JTT) HE%, i
MEGA 6. 1%/ i < 7% (Neighbor-Joining,
NN RS R E M, JE3ET 10000k B R E .

#1 31455
Tab. 1 Primers sequences
514 S HI(5—3", TRIZATIE3IT) i
Primer Sequence (5'—3', T7 sequence are underlined) Usage
5"-RACE-R1 GATGACAAACTGACACTTTCTGTAGGCT 5'/RACE-PCR
5'-RACE-R2 CACCCACTGAACTCCTCACGGTCCTTC 5'/RACE-PCR
3-RACE-F1 TTTCCCCTTGCCTTACCGTCTTTATCCT 3'RACE-PCR
3'-RACE-F2 GTGCAGAGCTCCACGCTGTCCATGCT 3'RACE-PCR
5'UPM AAGCAGTGGTATCAACGCAGAGTAC 5'RACE# H 519
3'UPM GTGGTATCAACGCAGAGTACTTTTTT 3'RACEEFI 54
p-actin F AGCACGGTATTGTGACTAACTG WZ514
B-actin R TCGAACATGATCTGTGTCATC eIk
Ibh-b F1 AGCCTACAGAAAGTGTCAGTTTGTC RT-PCR
Ibh-b R1 AGGATAAAGACGGTAAGGCAAGG RT-PCR
Ibh-b F2 TTTGTCCCTTTTCTTTGTATTTCTG P E EPCR
Ibh-b R2 TATTGCAAAGATGAAATCTGAATGA Pt EPCR
Anti [bh-b F AGCATGGACAGCGTGGAGCTC JEAE A AE
Anti Ibh-b R TAATACGACTCACTATAGGGATGGTAGTGGTCCTGATGCAT JEA A58

Sense [bh-b F
Sense [bh-bR

TAATACGACTCACTATAGGGAGCATGGACAGCGTGGAGCTC
ATGGTAGTGGTCCTGATGCAT

JRBLAAE
JRBLAAE
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Tab. 2 The homologous DNA sequences of LBH

o

Species

Frols

GenBank accession No.

% 4[4 Tilapia Lbh

246 B} 2. Cichlids Lbh

1] i Fugu rubripes Lbh
#H#Medaka Lbh-like

17 b . Guppy Lbh

& Chick Lbh

AR JTClE A frican clawed toad Lbh
AHuman LBH

/i Mouse Lbh

& 5 ft1 Zebrafish Lbh-a

#REJGibel carp Lbh-b

B £8 Zebrafish Lbh-like

T kb £ Guppy Lbh-like
#fMedaka Lbh-like isoform X3
%' | 1 Tilapia Lbh-like
ZE8F} f1 Cichlids Lbh-like

B 5 FULF ff1 Zebra mbuna Lbh-like
A& Chick Lbh-like

A U Western clawed frog Lbh-like
isoform X2

it Guppy Lbh-like

It H faSouthern platfish Lbh-like
B 14 Zebrafish Lbh-like

Z& 1 Bl 2. Cichlids Lbh-like

BT 5 FULT 1 Zebra mbuna Lbh-like
% 4k fa Tilapia Lbh-like
##fMedaka Lbh-like isoform X1
1] J’XFugu rubripes Lbh-like

i 4 Guppy Lbh-likeisoform X1
[t H faSouthern platfish Lbh-like

XP_003442986
XP_ 005934338
XP 011616972
XP_011488553
XP_ 007576459
NP 001026209
NP_001081507
NP 112177
NP_084275
NP 956814
KT 696607
XP 001336471
XP_007575999
XP 011481185
XP 003441738
XP_005927379
XP_ 014265505
XP 421381

XP_002938037

XP_007574801
XP_014327879
XP_009305375
XP 005951713
XP_004554795
XP_005453463
XP_004082740
XP 011618576
XP_007540130
XP_005811327

1.3 RT-PCRAEATRFE=PCR

B RNA$ZEEGRA T & (Promega) H& HUAR 155 2H
BB R B IR ERNA . FIM-MLV# % 5%
B (Promega) FIFEAL 5| P HEAT Wi 55 5%, HARSEEAE D IR
WLt B 4. RT-PCRANSZRS 5% 5 8 BPCRIERAE IR
TR LIS R () 7 VT, T SR 5 L 1
1.4 BERAIR{IZL3Z

W& Calbh-bFE K (IcDNAF 1, Wit JR AT 2428
¥R 1o 1ESIIS AT R BT 75, 285
PCRY MR ATT JA3 3T HIKEE 1267 bplf)
DNA F Bt. FIT7% & B (Roche)#H T 1k 4N, 3k
13- Hb 15 <7 (Digoxigenin) bric () ;i SCHITIE L RNATR
Bto RN IS AL 4452 1) BAASR VR0 TR S MR R L1
FXiaoZ HAR 1 T VAT

2 #£R

2.1 Cglbh-bERE 7 & R FHEFE D4

i iFRACE PCRY 14753 3| Cglbh-b% K cDNAJF
Y. Cglbh-b%=#:1526 bp (GenBank: KT696607), &
L& — 174 bpHI5-UTR, —1~803 bpfi3'-UTR,
—A~549 bp TR EEAE, gD 182 N R . [F
I}, ZEpoly (A) J& 20 bphb &4 — A 2 IRt ik,
TNEAE S AATAAA. ¥ CgLbh-bE H 5 L kiE
B HESIYILbhEE [ HEAT 2 B 7 51 LT, Bexd o R
7~ CgLbh-b 5 BE & 1 Lbh-like #H LA M 5 5, w0
96%. [Fll, CgLbh-bis H 53 5 fii Lbh-ats FH(NP_
956814). ALBHZEH(NP_112177). /MNRLbh#EEH
(NP_084275) 23S Lbh& F1(NP_ 001026209) 1 AHALL
P NT3% 68% 68% K T1%.

/INFRLbh & % TC )T 45 KA A m] A8 e B LK
e — R, FEAF T, ARG B
ARA3HT T CgLbh-b L5 HIREIE . 5 /N RLbhE AL,
CgLbh-b & IR 2 )7k %, HHa529% 1
B F(Arg/Lys/Glu/Asp)~  14%4% 14 5% 3% (Ser/Thr) Al
17% 2 JiE W 4 57% 3 (Pro/Gly) . t4h, Lbh-b2E (11
783 55 155N S M 4 PONDR " VL-X T4 T
NAERFTBWARE XIH. ERKERER
CgLbh-br] 85/ AILbhZRALL, [FI AT B E &K
TR A8 I
22 WEFH&LbhERFEFRENGHIXRFEEBME

N T BEIE R 2R LbhFE R ORI R R,
PAVEZIRAG T — LGSV LbhAH G FE A, I
@7 R . R RIS S S rrE
MEBNYD R 25 ok R — 30, B HESIYILbh B R AL &5
HINDZ(E 1), BT AR SRR A7
FE SR AL S 2, BT LA, Bt K Lo ke 6 5
LT 2%, TR T3N3 AR A8
VY & sh i AR B f LbhJE R B R R YR FE A, 34T
¥ % NLbh-a. 5 XBF X CH MM 4 AN
Lbh-bHLbh-like, X L& 5 51| £ A1 £ 25 HH 2 Lbh-a
(155 R FVRSE R . ARV Z RGN, AT RS
4 Lbh-like" 8 5 4 N Lbh-b.

foiB £ S Lbh & JE R T 5] 2 H LU Rl 1 254
Bt WonLoh B B A #i 4L R 57 £ . Lbh-a.
Lbh-bFILbh-like B £ [F] Y8 2 5] P 30 10 2025 1R - 1
— M4 T N80.22% . 79.24%H159.82%. 34N 3L
PR 2 [8] 8 P 31— B0 43 ) s 53.67% (Lbh-afil
Lbh-b). 44.37% (Lbh-aHILbh-like)#145.52% (Lbh-
bAILbh-like)o 5 ANFEF/NRIFILbAFER AL, 2
Lbh-aF1Lbh-bF: R & AN HL KX « 215
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99r Tilapia LbhXP003442986
Cichlids LbhXP005934338
Fugurubripes LbhXP011616972
Medaka Lbh-likeXP011488553
Guppy LbhXP007576459
Zebrafish Lbh-aNP956814
Chick LbhNP001026209

93

100 Human LBHNP112177
89L— Mouse LbhNP084275

Africanclawedtoad LbhNP001081507

100[ Gibelcarp Lbh-bKT696607

Zebrafish Lbh-bXP001336471

100 Guppy Lbh-1ikeXP007575999

all Medaka Lbh-likeisoformX3XP011481185

Tilapia Lbh-1ikeXP003441738
99 |— Cichlids Lbh-likeXP005927379

76! Zebrambuna Lbh-likeXP014265505
1001~ Guppy Lbh-1ikeXP007574801

Clade A

Clade B

100 ﬁ
99

Chick Lbh-likeXP421381

Westernclawedfrog Lbh-likeisoformX2XP002938037
Zebrafish Lbh-likeXP009305375

Fugurubripes Lbh-1ikeXP011618576

Medaka Lbh-likeisoformX1XP004082740

Guppy Lbh-likeisoformX1XP007540130

1 Oq:
72

Tilapia Lbh-likeXP005453463
99| | Cichlids Lbh-likeXP005951713
01 97! Zebrambuna Lbh-1ikeXP004554795

I Southernplatfish Lbh-1ikeXP014327879

Clade C

Southernplatfish Lbh-likeXP005811327

Bl 1 B PNEEAEA RS HESIPILbh I R G R B W

Fig. 1

Phylogenetic tree of Lbh in vertebrates based on NJ method

T RIZ TR CgLbh-b, Bootstraps 100046 %6 #7332 BAF &, R B8 EAF R T 50097332

CgLbh-b is underlined. The percentages of replicate trees in the bootstrap test (1000 replicates) are calculated, and values large than 50 are

shown next to the branches

(NLS)FI'E & R & R comm it 45 i ™. E -,
Lbh-like R & & & 4 20K 1) C g R P 25 #35
23 Cglbh-bEZERIATEM, NFEREEH
BTATKHRT-PCRITIED T T Cglbh-b 1T AL
AR A [ RIETE N . 5P Ibh-b )R
WER, Calbh-bth LERIE T S, G0 8
J% BELFR 17 6 B AST W0 ) A ZH 2B HE R e,
W /NEN L GERN . CABE. RFAR. BNE. OBRE. O
M. B Bk, SRRV B R E RIE(E 2A).
B, N TR Cglbh-bIESRBI R IARE IR R &
AR R IEES, B934T T RT-PCRAIAR
JE TR A2 38 S0 . 45 R, TE4M I ]50% 71
WIRE G, Cglbh-bE 537242 CAREE I A7 AE (1)
mRNA(KE] 2B); |72 504 T 3h ¥ % 1) A 28 i v
(Kl 3A-C). Cglbh-bWI & THFEIG T EZF M (K
2B). MK /E2d3I% K5 )53d, Cglbh-b R ERIE T

i FIHR B FR (B 3D E)o fE32FEJR4d, 2428155 M
FEEP TR 3F).
24 BRFREEIES Cglbh-bEERPRIFRIE LA
FATTH FH 520 58 BPCRITIEMG I T Cglbh-b1E
AREIHE AR AR RIEZE SR . WE 4AFTR,
Cglbh-b7EMEPE AR TE AR (1) 3R 04 & 12 35 & T e
AME(Z) 44,6615, t-test, P=0.0021). K&K, AT
GIMT T AE N T AR R Cglbh-b{E TR h K TA &
P4k . g R E 4BFR, TR S~ K 2h )G,
Cglbh-b1E IR [ FIE TF 4 R 78 UF RF 20 fifg 13t
NIE 24 T B (S =B 4h )i5), Cglbh-
bR L ACTIE Bt (LR L3 65), I — E iy 5
B REKPER I, B RTESHE =R 1005, X 5P
BRI 2 & RCGEE N 58— VRO B2 2L 1 b 3 1T O
FHUEF=80 . Cglbh-bI1FRIE 7K I HIE Pk 5 |
RV S P2 R N R KT IR 45 R
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Cglbh-b W] BELE I~ A2 M B A S 42 A o A E YRR P R R A o B,

RAEHEEEEH . T A S L R S R S R A R g 3
3 i BRI TR AR 5 AR 0 e 4 A S 4 o

SRAFIbhFE R T A Cglbh-b, 383 L)1 B 27
YR 200 10 3K 73 2 R A B T R A A AR MRS T Cglbh-bAE N I S50 T e 1t B 5 Atk

A
B 3
< N
s O} & \QQ > N
o - ° o S
e & N S & NS R ~

Ibh-b

p-actin

2 Cglbh-bEARM AR H LR (ARG & & AR T (B) R KL 0 #r
Fig.2 Semi-quantitative RT-PCR detects the Cglbh-b expression in adult tissues (A) and in embryos during embryogenesis (B)
P-actinfE NBHMEXT HE The S-actin was used as internal control; pituitary: E4A, hypothalamus: ~ Iz fi¥i, telencephalon: %fifili, mesencephalon:
i, cerebellum: /Mg, medulla oblongata: ZEf#, spinal cord: &, liver: IFAE, kidney: %, spleen: I A, heart: 0o, gut: 38, skin: J7
Wk, gill: 88, ovary: B, testis: ¥ 5, retina: MM E, 256 cells: 2568, high: =, dome: #ERHH, 50% epiboly: 50%4MiBHH, bud: J&ZF
H, 4s: AURFTHA, 15s: 154R7THE, 2 dpf: 3245 5 2d

B3 BEAR BT A4 A8 K TN Cglbh-bAE ARSI I (R I 25 22 TK R AE
Fig.3 Whole-mount in situ hybridization with Cglbh-b antisense probe (A—F) and sense probe (G)

(A-F) I SUREHRENE 55 (G) IE SUREE IS 55 4 cells: 423, 64 cells: 64131, 50% epiboly: 50%4Mui, 2 dpf: %24 f52d, 3 dpf: %2
FJ53d, 4 dpf: HEJE4d
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4 Cglbh-bTEARSMEREA AR T4 (A)FN P T R0 72 P 4 (B) HH I R IE 4B
Fig. 4 The expression of Cglbh-b in pituitaries between female and male individuals (A) or during oocyte maturation (B) by real-time PCR
QICHRIMENE N A SARMENEANE . *RIR 15 Q1 B0 PR AT 18 28 1 22 52(P<0.05)

“Q” represents pituitary of female individual. “J” represents pituitary of male individual. Asterisks (*) indicate significant differences

(P<0.05) between other pituitaries of @1 or Oh

Ibh SR RIS IR R o A, IR HE7R T 1%
FER TR ERA T AR IR G o, DL LR AR St
TR A 3 (1) R 08 22 57 R B - ot R 3Rk
B

TR T, T EARAEA S E RGN,
R b e 1 R = e B TR
S EARBRETEARS SR 2 BERAE
Wy R e AR R AR, N RLbhiE B
JRAE A AR el = s E B S5 T
FEPERRAE o FRATTA 23 W 45 S 36 W £, 25 Lbh-b 5 /)
FLbh—FF, FA KE MW LPi AL, & 07 & A K
B — 5. IXKEZRLbh-b 5 Lbhsk HAth & T ¢ 45
P A SRR, AT DAFEAS [R] AR BRAS N 3RA8
ENGiliakriNi

Cglbh-b Bt 5t Ibh-b1E R i K B Th K ik
B AL MORE R R 24 S 5 R R
Cglbh-b5 5t 5 a1 1bh-b#f K & 7215 T I AR i (&
3D, EB). HTEZKEE4d, 328 5 5 R EEH TR
(1 3F). R Calbh-b 53 5t Ibh-bI )R IENL H
FAeL, (EPE RIS M EE %G 2. Cglbh-
bRBHEMERIE, & TH IR TR FM(A 2B),
i1 B T £ Ibh-b % B3k T 524 J5 320", AR g
R AR5 7 SRS R H B R R IR R E WAL
O PRI, AT M A 2 B ) 2 A A AR R
A AFE T AT ) AR BE T 1) e 05
M 1SAF R Calbh-bI 221k LU BT D . Ibh-b I 3£
IR RIF UG . Cglbh-bIER 3R IAHE R 1% F]
ERARIE K B i BA HEEEH, Ui e R
Z iR AL K B K&t BT Cglbh-
bR B 53D M ibh-bALSCR R I IhEE, U1F
Rt

Cglbh-bTE1TA PRSI I AR H 21, SR
KT, wik. OFERALE (A 2A), 55D

fi11bh-b2KA1 . FE K EHE I FE R, SRR
M TRBE . E TR S KRR A0 S5 1 R S e o
KRR eI I 2 9 4 9 R S5 (Pho-
toneuroendocrine)s e FH AR W I FE U AT 5 3 1T 16 55
i A - P o o R 4 SR R B AT T
I 0 - T A R e A R 4 R R A B R E R
R RGAER . Calbh-b KB FIE T ik,
A0~ B SR HR B, ) A B R 14 A Ak e 4 p Cglbh-
b ERIR B2 = T HEVE(E] 4A), HAE OGP poad 12
1, Cglbh-bfE AR 12IE Fif (18] 4B). XAl
R () XA 20— T TS 7~ 1% A8 A0 AT e A2 R T i o
PRME BRI R B RUSER  2 IR IR S 51 R, 7
— 77 THI 1% FE K A e 55 #0208 E 11 >4k 1) B 53031 B
Heon St B & UIAE ¢, F BAR A1) Th e o 50 1M
IR N 70 i R 8 TR IRk R A A it — 2 1
9T
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CLONE AND EXPRESSION ANALYSIS OF TRANSCRIPTION COFACTOR
LBH-Bin GIBEL CARP

LI Wen-Hua"’, WANG Yang', LI Zhi', GUI Jian-Fang' and ZHOU Li'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. Key Laboratory of Fujian Molecular Medicine, Huaqiao University, Xiamen 361021, China)

Abstract: LBH (limb-bud and heart) is a novel high-conserved transcription cofactor in vertebrates involved in em-
bryonic development and pathogenesis of some human disease. We screened the [bh-b gene that was abundantly ex-
pressed in the pituitary of gibel carp, and cloned the /bh-b (Cglbh-b) cDNA sequence of /bh gene family from gibel carp
cDNA library by RACE-PCR. The full-length of Cglbh-b cDNA was 1526 bp with a 549 bp long open reading frame
(ORF) coding a 182 amino acid protein. Bioinformatics analysis showed that CgLbh-b protein shared high homology
(>68%) with other vertebrate LBH and is one of intrinsic disordered proteins. Cglbh-b was abundantly expressed in
pituitary, telencephalon, ovary and eye of adult gibel carp. The expression of Cglbh-b in female pituitaries was 4.66
times higher than that in male pituitaries, and Cglbh-b in pituitary was up-regulated during the process of oocyte matura-
tion. During the early embryonic development, maternal mRNA of Cglbh-b was detected in embryos from 4-cells stage
to gastrula stage, and its transcripts were synthesized at bud stage. The results of whole mount in situ hybridization
showed that Cglbh-b was distributed on the brain and eyes of embryos from 2 days post fertilization (dpf) to 3dpf.
These results suggest that Cg/bh-b may play important roles in brain and retina development, and reproductive regula-
tion in oocyte maturation of gibel carp.

Key words: Gibel carp; /bh-b; Embryogenesis; Oocyte maturation



