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(1. WL AR =TT, Wi 313001; 2. _EHEHEVE R, 1# 200000)

W N T ME A (Culter alburnus Basilewsky) R % 2 AE A4 K KT (Insulin-like growth factor 3, igf3)3 (Al 7E 14
AiEELEEP R, 2T F B FBRRT-PCRAEIRACER RS & J7 vk 18 25 W 1 igf3 5 A 52 %
cDNA/JF41), | - qRT-PCREGAAG M HAEA [\ 20 2R rr (1) 3K 7K P, f J e Y AR D7 v LA 23 7 7 s
PERRZH Zigf3 L R ALK F (R CpG B B 1K1 o SBir 46 IR i 7Rigrf3 cDNAJF 11424901 bp, 11592 bpl#5 % I g
F X A1203 bp 33 - A% X, THR I BEHE606 bp, HifD201 NEAIERR . FFA i o, FEA T HARIGF 5 Bk
g Migf2, igfBRIFEAFAELR ST IIRFE LS AR, F BRI NETAAE S K. By C. AL DFIEIX . igf3Jk A 7EIME
B AN [F) 20 23 1) i /K 22 57 B A (P<0.05), 8 DF L 32k 8 iy, H OGRS SLALZY, ARG . O E L RN
JHEE S LD U s T2 BEARAG o PR A A ) 65 S S 7R 78 O B AR CGAVL s L AN i A R A, SR RS B2k
TR e &, X 5 HREKFIEF 2RI, RS RRWigR eSS T IR R I)Re4iFr,

igf3HE R AR Bl 7 X 3B FIDNA H AL A1 5 AR VEBRAAL S — A MERIARFIE R R )

FiRIE): FMEGN; g3, FikHT, DNAH AL
hESES: Q3441 SCRRARIRAD: A

1R AE T A6 MESh W) b AT B3 5228 IO %kl
5E T3 3N, AMXUAFEMERERI AL I S A I 124 e
MR AR, L) vk R A B AL R . FREE 2 L
HP R v s R BRI
“F(Insulin like growth factors, IGFs) & —2&3L L tb
BRI R R 50R, TR 4% 2 Mgl i A= ) e 1R, B
AR W, BT TR TR
N R FUR I, BRI B K R T R G A
IGFRLfR IGFSZ A K 6FIGFE A", 4Ri KR
FAESKIGFs K IRTE R EF NI K E 5 77
o BAT SR H, {HOR 2 0w 10) T igf1 Fligr2 % BRI A
ZARMIBEA . 20084 45 B 8 # 7E 58 D 1 (Danio
rerio)! " F1% JE €8 (Oreochromis niloticus)' 5 .t
RSB B — Pl S IGF R 2 S 2 K (igf3), Wl
J5 W S 7E 2441 F1 BE . (Epinephelus coioides)' ™.
T i 8. (Protonibea diacanthus)' F(Cyprinus
carpio)m]':':‘%"t?ﬁa‘*ﬁ?\é? FIE I o W20 W 58 E 5K
igf3 4= PRIV AE £8 2 1) O SRS B2 Ry 5 3Rk, JF0h
TR E AR, FEVEIR R B IR RS
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WM R HE B B AR B T RE

1 R ) e AR IR e i i fE v, 2
PR DR 2R (et B2« AR R ) T LS o e 12 )
BRI R &5 B W R 5 B s f N A
T UL B A T, R )R DNA B s, ok
SR AT R BV 22 9 [ T - RS R B s R 1 1 3Rk
52 ) UL AR A IR R 4%, 0 78 T FE AR R g
AACIE AR, R AT R S AEFCYP19A
7E MEE 4 fa 1 F B AL K 3G I, Bl cyp 1 9a
R] % 3 400 1) 4K 17 475 3 s 1O, Ak, A Sk
8 — 2 1 A O K IR S B 1 CpG &% F 24 1&
Vi 388 3 A 5 I 2 2 3 K B e ) b T
HE, 0T A R 45 MR ) e 1) 2 1 AL v R
IR BIHTEFE
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FOAK Bl b A S A S A 25
S P ) S TR AR AL M AN A A K TR R
W7 T e e A AR A R, R e R
PERE S A AE S 1 237 VR E LR, 3 1T 3 SR 4 ) e e
FE[R, T A MR 60 B AR ROR, X T N4 vk ik
AT AR R LE K. TR, BITEL W
B 17— S SR RS M 1 1) e s AR 43 A 38 % ) R
B, W1Sox9. Dmrtl iz Cyp19a™" "7, Hx e 18:4T
T VI ThRE S HT, 25 F 3 W A5 1K e S DR 7 X g
P HE A () A7 AE S PR RIAHRFAE, (E AR 1)) ik e
FROER . AW FEIAT LM i A s2 3606 %, 12 H
RT-PCRFIRACES: 5 b F B B 0L 48 78 H 3R 15
TigREEAFIcDNA LK 41, it Jo i ik Szt 5% ) i
BRAREN T HAERFRARKRIEKT . Nit—
S FUDNA F IS AS AR E 1% 3L R 1 — S MR IE R
FEH RV L, I SRR R R 5 B AT T
PE MR 4 2R FIDNA F BAAE MR ZK S, X Leq)) 30 5056 25
AT Ak — 2D T igf3 5 DR A0 MM A1 v R T e S S
FEME NGB B A E AL S BTk

1 #R5ERE

1.1 SR

A S A58 P 110 A ok oA A (O A %3 R Wi B
T-WITL A KK =1 70 B J\ B &% A X 6 7 B
Mo, RIS (B SE 6 5=, 7E UK R f R
o OB B UL AR O e R I A 1 i
HIR, WRIRAT, AT IRIUEF 4 DNAFIERNA
1.2 RNA#EEUFIcDNAE K

ARSI R TrizoniZE HEHUSLRNA, 2521 2URE i
TE Trizon$E BURF o 78 70 2%, I E 05 50 5 U
£ LEBEW, &5 WD RIS 2] Total RNA.
19 T 5 0 56 R R S A ) O RN AR, 4% 8
HiFiScript cDNAZE — 8 & ik SR L) J7
A N cDNASE — 455 .
1.3 M ERigf34mAE X 1Y 52 F& X cDNA K im i 1%

M4 O AN BE 5 1 S Fhigf3 cDNAFHIE S
WA 519, DA 5 & B 28 — S5 cDN A5
B2, PCRY™ I 315 s il i g3 4 B [X A ) B . E
E 015 41 X 4843 ) 5 i OE S ) 51 5" RACE-1+
5'RACE-2M3'RACE-1. 3'RACE-2, }f&#
SMARTer " RACE (Clontech Japan)i il £ st B 5
HEAT cDNAK B4 3, 5 Ja AT B 0 A 315 ig3 5
Rl 4K 7471
1.4 SEBRTUN. EbxTRFLH S

FIFHIELLY FISHEK A 7341 T 7 fifligf3 5 (R 1)

% B2 7 5 B I T 5] 152 R R 0 25 1R 471 ) T
DNAMANHAF A A R V) MIGF3 2 B 1. 7 41 #k 4T 1
[F VP EE s B FIMEGA 5. 03K 14 45 429%(Neigh-
bor-joining)VZ 4 T RAEAM, A TR E
2 N10007%
1.5 igREFBLERIEFHED T

B e Primer Express 5.0% 1185 & F H
igf3HLEE K Flef-1a N 2 € & 51PN 1), BAMER 1
sedb B AR A BR A A 1 UltraSYBR
Mixture 4K} FH TSI 2 ' 8 B PCRATIN . e 87 2%
f£4: 95°C, 10min, IMEFF; 95°C, 15s, 60°C, 60s,
AONMEI . SER 2 BEPCR RN K Ji& 9345 B AR 7E
LightCycler 480 System(Roche ¥ +) L3417 . BT
5E T RN AR H BB, AT A RN T3
17, B Ja R 2k 5 A B34 Graph-
Pad Prism S#43815 EH 7 B .
1.6 ig3EANTFXEH B R CpGERELEN

FTRITH Y A g3 mRNAFEF Bt 748
1T R PR 4G A7 R % S IR 5] M) Walking-AS 11
Walking-AS2, DA F 5P 535 [ ZHDNA AL, i)
#EGenome Walker " Universal Kit (CloneTech, H
AR 5 V5 A R R 2 S, R AR S v S
PCRY™ 38 A 0 130 3 J3 20 F X 4o B i % 30T 3y /e
¥ 58 A 28 B MethPrimer (http:/www.
urogene.org/methprimer/)f1ALGGEN (http://alggen.

®1 BATAIBRMNSIYF

Tab. 1 Primers used in this study

GlEvEZ S Y Efib
Prirljer njfne 915 HiSequences (5—3') Application
igf3-F TGCTGAAGGTGCCCAGCTGGC H[H] J Bty 1
GGAGT \

igf3-R CTCCAAATGCTGGAGGTCACA i) ;i Bty 1
TCCA

5RACE-1  CACTGCTCGACGATCCCTTTC The 1* round
CCAC 5'RACE

SRACE-2  CAGGACGCAGTACAGGGAGT The 2" round
AGAGGAC 5'RACE

3'RACE-1  CAGAGGCAAACCTGGAGCAG The 1" round
CCCGTAG 3'RACE

3RACE-2  CGTGGGAAAGGGATCGTCGA The 2" round
GCAGT 3'RACE

RT-igf3-F  TGCCATCAGACGGAATGCCA gRT-PCR
AC

RT-igf3-R ~ GCAGAATCAGGACGCAGTAC gRT-PCR
AGG

ef-la-F ACATGAGGCAGACCGTTGCT gRT-PCR

ef-la-R GGCAGCCTTCTGTGCAGATT RT-PCR

Walking-AS1 CTCTAAGCATCTGAATGTGTC JE 314 1
TGGC

Walking-AS2 TGCTCTTATAGGAGGACCGGG Ja T4 1
AGG

igf3-BSP-F  ATGGATTTTAATGTTATGTTG BSP/#t
TAGG

igf3-BSP-R  TTATAATTTAATCTCTCTAAA BSP/
AAACTACTAAC
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Isi.upc.es/) 7 AT T CpG &y Fl % e R 45 65 47 A3
FIFII 347 o 7226 A MethPrimer T 25 5 &7
[ — MG ARE R CpG & (CGHl A LA >60% H.
CpGVLIINE /TR MIE>0.6). B J5 1% CpGenome ™
DNA Modification Kit (Chemicon, USA)i 7 £ i B
= X 5680 g 41 s B O SRR ORI AL o (3 B ) i AT
LA R A Bh AR B, DAAL 58 B IR i 20 N AR,
I TR 3R A5 1R H B2 4K 23 A 51 W0 % igf3-BSP-F Al
igf3-BSP-RuFAT W AEAL R S R4 3, 5 Jm i 7= Wk
T4kl AT 4. 1EIT L R, FEA
%) L s i AN R A AR A, AN B A 18 T 2 73 A I i e
WE, AR AT 15 A A B AR ] ] FR A B AR 2

2 #R

2.1 igRREFERIcDNALRIKEPE

A S IG R 24 HRIE [ igf3(GenBank 3%
5 KT895500) 1 (A ¥ 1| e it 11 3 5| ¥igf3-F Mligf3-
R, PCRY™ 14 B K & B211 260 bp ) HL ik &6 717, 4l P
FIBLAST [EJ8 14 43 #7, IF B N B 1 £a i igf3 1)
Y6 B . B85 R FISMARTer ' RACEIRF £ 4>
AEAT5' /3 -RACEAR I 4 3, i f5 1@ it RT-PCRAK
JF 50 [ R B 53 AT R D 3R A T igf3 R 1Y) e A
cDNAFH. ZF45)4:K901 bp (GenBank & % 5
MT418905), 1432792 bp )5t 3£ 5 X F1203 bp
(193 5t E g i X, FF B 2 HE(ORF) 606 bp, Zifid
20INNEEER . 7 HI BT TR, LT HABIGF K %
B igf I Mligr2, igf3 RIFEAELEOR ST U RFAE S5 f 35, &
TR NETEE S K. B C. AL DRIEX.
22 AESAIGF3RERRFFILLXS R 71

{88 FHIELLY FISHAR A4 %o 0 M i g3 4% 7 B2 7 471
U ) ) B 2 PR g At A A S 4 1) IR A 0 B R
B, 588(Cyprinus carpio, GenBank & 35 : KT895
500) B 7 41 [R5 f =, SN85.64%; S5 (D.
rerio, GenBank 2 3% 5 : ADO16599)IX2., N70.65%;
FVRON 54 A BEA.(36.57%, E. coioides, GenBank &
K5 AML84199). Je %' 4E£1(30.20%, Oreochro-
mis niloticus, GenBank & 35 : ABY88870). fif
(29.25%, Dicentrarchus labrax, GenBank 5 % 5 : AGB
51126). BELCfz/ N (25.74%, Kryptolebias mar-
moratus, GenBank’5 3% 5 : AGA82753); FlJIVifE (Xe-
nopus laevis, GenBank & 3% 5: NP_001082137)][A]
TEYERAK, N18.93%. KHIMEGA 5.03K £ INT4AE
Bk T RS AIGF3 & A 5 HAh 7 AR i R 5
BB (B 1) 45 o mE i 15 60k AR SR 2R, 4
HAh R A R BE NSRS R R, i kRN —
3, JTCMS BBRAL B — 32 o

23 A ERigRRIZKTEN T
Plef-1o AN 25, K HqRT-PCRIT LR igf3
J R mRN A 58 W 11 35 41 G R IB F AT T 4%
Bro SR EoRigs3 kKRR A AN [F) 2H 21 e () 2Rk
FEZEFY R, PR RGeS, ek i
M ARG GOE JRE. FEE. UL ATE
RILFFEWARE 2)0 XK B igf3 3k R 7E MR i)
RIEKP 3 T HANH 2, $EoR AR BRI sk
D RedERe 7 H B A EEAE
24 FERRigRBINFXIHCpGR AR
NT AR ) B SRR B b g3 LI R Bh
CpG & AL AR, BATINT 1% 3 R 3 i ) 3h 1 51
BEAT T I AICpG & Tl . 45 R K L FE R 5 3
F XA — BB 5 8N CGAL A CpG & (K 3a).
25 IV A R S S Adh 3 R W MK S50 O B RE DR 4
PCRar Il 45 5 2 7= 75 59 5L b (15 10 B HL Pk iz ve [
JIT A CGAL LA R AR W B AAS I, AH Sk 85
i FE A AR — N Se B I CGA U KA I B
16, P R 2H 23 F AR I K P 22 7 B 2 (] 3D

99 —C. albumus
100 C. carpio

D. rerio IGF3a
100'D. rerio IGF3b

K. marmoratus

100 O. niloticus
46 E D. labrax
59 E. coioides

X laevis

0.1

1 AMEHIIGE3 RS AL 23 H
Fig. 1 Phylogenetic tree analysis of IGF3 in C. alburnus
W AR E SR, EERECN1000
Numbers at nodes indicate the bootstrap value obtained after 1000
resampling efforts and refer to percentage divergence

—_ —
(=] W
1

igf 3 FHHFER R
Relative expression of igf’3
W

=]

R

N4

£H 21 Tissue

2 igf3AE IR R AL IRIE K
Fig. 2 Relative expression of igf3 in different tissues in C. al-
burnus



4 R S5 M A1 9 5 FAE AR K TR g3 2 (R 1 o B S 3Rk AT 737

M3c)o XA REWigBEM AL R FRILF
J£ S DNA F S AR R L 14T 52 57ORH 5%, S0 Mg
0 1k 9] — 2 PR AR AB AR AIE AT e 32 HL R B 1 X
CpG &y F BAL B R R 42

FMHEAHERBOEFNE . CHAREY
IGFsZ R X B HESh P 1 AR R T 5 Th BT
VAR A, FEE R g 5 oA R AR P A2 BT
IR AR, (5T iR R I — AT T

TIGFH T (igf3), HALH BLLERE A0 50 5L b 1y ] 5t
anit Y, DRI B R B R 2 T 0k
e BIHACNIE, O A SRRl 78 252 5
igf3HA, AAEPE S, DR, R A TR, X
TR Gt . B8, AT 65(Oncorhynchus mykiss)" A48
#(Chrysiptera cyanea)” " JEHEAT T —LeHIH 1%k
IR BERLA 73 B o

3 g

0 R B AT MESh P #AT 7T e L L0 2 )
kLt IS I T N IR S s 1 5 g R S S
BIEARNME. EAEENE, RS HmBAELERK
AR P AEE I S A ) A, BN AR K
AR ASSK/NE SR, V) R R AL

a —289 SRY
GAATCCGTTATATAAGATAATGATGACAATTAAAAGTTATATATAC

Sox2
TTCTCTAAAGGGACAATATCTATTACTTGGCTATAAATGTTCAGAT

-197
AGATACGTCAATTTTGATTTGTTGTTTATTAATCAGATTTCTTTTG

—-146
TAGTTTCATGCGTCTTCAGTAAAAGACAAGCTTTGTGATTAGGTG

-110 HMG =72
TCGTCTGAGTGTAGAGGGAAGGGTAGGGTAGGATGTGTCCGGCT

—43 TATA box
GTGTGCCATTGGCCCATCCCCTCCCGGTCCTCCTATAAGAGCACA

-21 -10
CCGGAGTAAGAACGTCAGTAGCTCTTTAGAGAGACCAAACCATA
TSS

AAAAAATAGACATG------

b
—289 —197 —146 —110 —72 —43 -21 -10

OO0000000O
OO0000000O
OO0000000O
OO0000000O
OO0000000O
OO000000O0O
OO0O000000O
OO0000000O
OOO000000O
OeO000000 00000000

K3 B3k R H 37 CpG & B 34k 43 #r
Fig.3 CpGs DNA methylation of igf3 in C. alburnus
a. igf3 B T X IMCpG & R 3 745 & L ST . COAL s FIRLARFRTE, BT RIS 2Rm HAE S8 30 T K T AL L B, 2R (7 55 X
WAREEMNERHE T LA, by oo 7R R I ARG SR N Hig3 )8 ) 7 B WE R B P 45 R o 20 [ Bl AR R FR B I CG At
B AL EBEREIEFEICGH M. B—ATFmR—MUF wkE

a. The predicted CpG sites and transcription factors in the proximal promoter of igf3. CpG dinucleotides are shown in bold background, and

—289 —197 —146 —110 —72 —43 -21 -10

OOO0O0000O
00000000

numbers indicate the location of the CG site in promoter region. The gray background regions represent different transcription factor binding
sites; b, c. Bisulfte sequencing results of the igf3 promoter CpG island in the genomes of testis and ovary, respectively. Each line represents
an examined clone. Open and filled circles indicate unmethylated or methylated positions
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31 B ERigAH R EEEMERTESN

ARG 7Y g3 2 R 4K cDNAJTF 41,
ZHE 42 K901 bp, & FF ISR SEHE606 bp, 92 bpfH]
5'5ii AE i i X A11203 bp 35 A4S X, Zwmhig201
QIR . B S o A S B A TG F3 [F) A A7
TEIGFZ R A [ L B g W38, 3 B 0 N A ia (S
Shk. B. C. A, DRIEX, X 5%k, st
At b g gk — 5 2 AR
g SR BT A 1 2R RP TG F3 8 1 7 R 57 45 A6 3
DX SRHABA R 5 v, % B 3K 6 R 5 5 A 3806 T IGF 5K
W RAR TN REAE R b T s ARIE R G L 45
R, BT R R R AR Ny — 3, B — S5 R
HIIGF3 1 R Gk Ok R S5 MP R 4 AL IR FF —
;o A, TAVE R Dlig3 5 K 4H A 21 X A7 15
2 A5 VA OC 1) i s R 1 25 & AL AL, WSRY .
Sox2FTHMGS, SX LKA /7 ik B ig/31F hy ¥ i
FLRIAT e 2 5 s A 0 VE ) R E 5 A AR
32 MEtRigREFEAIThEEM R

H AT & 22 BB 57 3804 R W ig 3 e A i 0 2R M
) R IR KT R T HA 2 R, IR AR PR R
th oA wEHEAT ', M g3 5 H 7E K
PRI qQRT-PCRES R R 45 A 2 AR O 5
thRIA, FLRAERS Birh /b R ARk, T At 21 2 2
ATCER IR ig3 MRk, H OP 8 1R IE KT 2
& T AL ZI(P<0.001). FME MR AR A LU R
A TCHE M 12 R o] B8 2 15 Rk B9 B2 1) 1) R 4 %,
T igR AR Brh g D ERIK, SRR Dy Re
AR T 90 805 T PIAE L, X5 T2 AS [R] 4: iR 4H 2R1
(T R AT RE AR LA HE R Dy fe . #E 2 JE B
FEWigRZ 5NN A KR EE K (cypl9ala.
foxI2Mdmrt1 )R IE, [F) I} igf3 i) 3R 1k 1 52 3| 1xX 4k
I S DR T RO 2% fr A

FERIE 5T 40 8 5 5 ME S W I 70 R B A I 2 Kk
PRVF 22 14 1) A 5% 22k R 2 i 1k B M A DG R IR, L3R
KRR R TR B S SR, A szt
W ) 1 JU 2H 2 QR T-PCR I Aar il 45 51 s, P SR04
ARG R MI3R, WX R R R 25 R
MY N TRV SN A R IA R 4
BL, FRATTXS M i AL 2R W igf3 2 R R B+ X gk AT
T AL, G R R R R KT 5 DNA F 3
WA AR R . FEH AR Y Fhr, G0 7 6
(Paralichthys olivaceus) ¥t F1 3 i (Monopte-
rus albus) =G MEBNY), —LeE ) R 2 H (cyp 1 9a-
cyp 1T dmrt 1) WA K AT T M A i Y R A 7K~
BHEEEmERS ., BmCpG TR FIX
R S R4 G AL R, igfBTERG 5P I v B

FAUTTREBHAS T — Lo KR TS & LR 2 A
VIR R, SET NG TiZ R R RE, £ T BEK
BEAS AL AT 75 33— 25 it 5

AW FEETRACE VLK IN v % 1 M fifligf3
cDNAFF, FE5F HAR AR LG . E R T 51 [R5
P HARBEE A LS 3T W B K347
T R IR 3BT, FitE— DA Righ3 Xt T i)
PR R B MIERH B e 7ot 280t Hig37E M7
P PR B R B Hp e 2 3 AR B 3R WA AB 1 1)
ELAREHUE AR T 50, e SR 5286 N 1% F 8 n
N TH AT IR FT: (1)i8 3 CRISPR/Cas94E K]
S e R J ST T S DR R R Y, F 9 45 A S R [
(FIAE ELAE FH, o 25 1) AR s i 2 1) ok 2 5 L i 7
(R 25, ()F2 R ig3TEEAE MG SR 7, 43 BT HAE
501 e 72 55 0 Ak KB ) 3 1 356 DR 3k RN R SRR AL B
A7KE BRI 43 B, Ve A A SE BRI 78 % 5% (R 7
ig3FER IR R o
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CLONE AND EXPRESSION ANALYSIS OF INSULIN-LIKE GROWTH FACTOR 3
(IGF3) GENE IN CULTER ALBURNUS

ZHENG Jian-Bo', JIA Yong-Yi', CAI Li-Na"’, GU Zhi-Min', LIU Shi-Li', CHI Mei-Li' and CHENG Shun'
(1. Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China; 2. Shanghai Ocean University, Shanghai 200000, China)

Abstract: Insulin-like growth factors (Igf) are evolutionarily conserved gene family that regulate a variety of cellular
biological processes, including growth, proliferation, survival, migration, and differentiation. To understand the role of
igf3 gene in sex determination and differentiation in Culter alburnus, the full-length cDNA sequence of igf3 was cloned
by rapid amplification of cDNA ends (RACE) technology; real-time quantitative PCR (qRT-PCR) was employed to
analyze the expression level of igf3 in different tissues; DNA sequencing of sodium bisulfite was used to explore the
CpG methylation pattern of igf3 promoter in adult testes and ovaries. The length of igf3 cDNA was 901 bp with a 92 bp
5'UTR, a 203 bp 3'UTR and a 606 bp ORF encoding of 201 amino acid residues. Sequence analysis showed that simi-
lar to other IGF family members igf1 and igf2, igf3 also had conserved characteristic domains, which were mainly di-
vided into precursor signal peptides, B, C, A, D, and E regions. The expression level of igf3 gene was significantly dif-
ferent in various tissues (P<0.05). The expression was the highest in the ovary, followed by the testis, while the expres-
sion abundance was extremely low in the brain, heart, spleen, liver, muscle and kidney. Analysis of CpG islands
methylation pattern revealed that igf3 promoter CpGs were not methylated in the ovary, but is hypermethylated in the
testis. These findings indicated that igf3 was involved in gonadal formation or functional maintenance in C. alburnus,
and the DNA methylation modification in the promoter region of igf3 genome was closely related to sexual dimor-
phism expression between gonadal tissues.

Key words: Culter alburnus; igf3; Expression analysis; DNA methylation



