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ZRX A OES A KT IGF-1 mRNA ik FE R0

BRI AR B, B AU, B E K, B, /i

( R ReR K= 54 A b, i 201306)

FEE . iz FCH 5O & PCRELAR, PSR 25 B XA &y (100+ 1) ¢ 1 1A K T 265 (Micropterus salmoides ) I 2E Kl
JEE P2 B A KR F — T (IGF- 1) mRNA Fak=FREAGREM . 7 R3] 6 JE (0 S 50 0 ) , 3of B 4 K F00A (P50 2 9K 5
AREAANE 3 R IR T 3 ], ST TRDXT B 4 o A T e AR TS T 6 J81 )5, Xof BEZH f6 01 B % 10.99% , &
KIEINHE N 3.07%, EEEAEEE 3 AW, iR & TR T 5.08% MK 80 T 1.79%, [FIBHFAAZUIGE-T mRNA ik
KBRS AR AR X RZH 1 29.93% PRI A50E 2 Ji J5 JIFZH 2 IGF- T mRINA 5K A7) i 3R X B2
(P<0.05), fa A 5T A BT AR 7K F-1) 98.54% , A S SEBAI IR 7K F-19 99.03% 5 MR AR 3 JH )5 A5 B di faf i i A
PRI B SEIATARE KF- (P> 0.05), AEA75 5% BRATAT B 2525 57 (P <0.01); FHZRIGF- 1 mRNA (235 4 5 %0 B2 0
FVEZES (P>0.05), S5 EIR, ASEEOR I R A T it (A FRE, [FBF 2141 IGF-1 mRNA 235 3= Bt bl 2 FEAIK; 1M
ARG, AR HFAEIGE-T mRNA 9 R5F MBI E . DFERY], MR E SRR AE KRS IGF-T mRNA
FIBZ A TEARCOCR . [T EK = HE,2010,17 (4): 713-720]

KEIF: KORET; 250, A K BRSZEARNT -1 ; FRFRE,; LHDOEE R PCR

hE S ZEE: (0959; S96 XEAARIAED: A
HHES Y LE R BRSZ BN 43 I R 45,
HRFLR R WE FRR G i . AR
# (Growth Hormone, GH) J&—Fh B ZL ) Z DI RE N 43
WALER B HE S Y B A Pk A K RE 3l AT
i B A Lo b B Y S GH B A KA
IR 2R AN, B 208 R R AR A i I
iR T e Z A K - 1 (Insulin-like
Growth Factor I , IGF-1 ) JEH A4 5 FBIR% 0K,
Gz —"l i A RS T e i T B SE
Ry, 1GF-1 it 5 HES G EAMZARMIER , BE
PR AR S FE AT AL AR AN R T R S AR
B R B A DG IR 43 1 B IR 11 B Y [ A i 2k
IR RS R S A BRI TR, Sha ik
B FRARDE SO GH RN IGF-T B A= 3G 2 7 A i it

Wrds BHA : 2009-09-10; F&ITHHEH: 2009-11-15.

ESWMB . Bl AR E SIOCT H (PRI 200655 6-4 5 ).
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PESZI . GH. IGF R FRMRI =8 Z ARG A A
PR R Y, EFRRBXT IGF-1 mRNA 7EA[FIZH
LU FER R IR TGF— T /K- (A3 15 75 e i L 30
Wb E AR ARIBESE S BB 2K IGP-T Bk
W E Al & S S —FE LR e T 418, Horp
TERFAHLU P E R, AP SClko — e 285 a2k
B8 SRR B XT IGF- T mRNA 78 2H 2 v (1 26 35 A Ifi
WP IGE- T AR IREE I 7 A W2 5 N 3 W7
T WSS EL A B 2 s 7 T ] 9 A SE RS
B E >, ir UL A AR 55 BREE X (Cyprinus carpio)
ARFTE M A X SRR SE R R A SR Rl R
B HESIY) , B SRR IGF- T 123K 7K A 4 %)
TR KRS ESER,

KO 5B 24 0 M T (Micropterus salmoides),
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oy 262 b SR W8 B 49 (Osteichthyes), % £ H
(Perciformes), K BH A7} (Centrarchidae), J5 =TI 3E M,
S PSRN N PR S LR B 58 i s |
AR R SRR, 7 20 T2 80 AR a5 | A
B b EF R FRIEAE P, OO — R K TR A
Rt AER I BRI AT IC G DR 24 W AR A )

ABFFERIAR I PR 5 1 IR R A R XK
1 B ) A K M PP IGF—1 mRNA 2353 )52
W FEAT XS He o, B AEER R E SRl A5 T AR ROIR
LS IGF-1 mRNA Rk Z (B KR, [ Sy i — 20
WF5E K D P FR A BRI AR )2 SN AT I
BT TEL

1 #RETE

1.1

111 RIEE HUR— AL 1 1 R e e s
I BRIk, LIS I S0 5 SR B . B R
KAy 2 m® )RR KA, HAT G IR0 0 4% R
WA, FEAEFK N S mg/L BB R -4
Bt I Aok K. FRBEKIRFEHIAE (27+£1) °C 5
] KA 3 25 30 S AR DG BRI ] 456 2 7 2 00 2
19 : 00, R 2 (8 : 00HI16 : 00) LA £
F A0 B R ML AP ORLEE 0T % 2 42%; MARDT
i 8.5%; AR ), AR E BRI, &2 HEY
BRI S5 PRE RS 5 IR B (1004 1) g A5
faeH A AR A S g £

1.1.2 iKFFAZEE  BRNA #2HGRFF RNAiso Plus,
¢ 78 1 I %57 PrimeSeript ™RT Reagent Kit,
SYBR Premix Ex Taq (Perfect Real Time ) 14 ] TaKaRa
N )5 BABR MRS DNA MG &0 [ A6 AR
R BRI Al 9662 B PCRY 51 ¥ i
BRAHARA RAE G A

113 X2F  E5MOtE T (T6, db 503 A i ]
HIRAHED); R R E AL (TGL-16, 5 AL AR
); PCRAY (TP600, TaKaRa/A &) , H A ); %6
HPCRAX (iQ-5, Bio-Rad /A ], 35 ); HLIKIL (CYY-
6C, Lt /S—IER " )s

1.2 Ak
121 SRIEIT  FRFHIAITE 5 N R BNk
F (AR : 90 emx 80 em) HHEFT . £ /KA 5 /K g
IGL R G K 3SR 2) 4 10 Limin, FF L 78S
B BFRONIZ ARG H i 500 L2 ( JriklRIE 3% )
ISR, S AT IR AR 4] 2 A Ab B, Ak
P3N EE A VKRNI E R, iEE30
Jefh, 6 JElMFRIH LI N, o B TE e AR
SR 3 A, SR G HO BRI R )y A 3R 3 8 i
Tt B 3 KRR R S8 R 7R I
122 B 05 TR A0 R 8K 15K .22
K29K 36 K 42 KFATHRE . BUREFT T A 5250
YLk 24 h, BUEE T8 : 00 ~ 9 : 30847, F# /KAl
PEAT SRR G A o i I I — TR K (B XK
P40, A5 A B R 0.5 g, A T B T A
1 mm, SRJ5 MERALH AL 66,9 2 ( B Rk A R
3B ), iR RN BE IS N4 R K 185 TS+
DIFFfa A B R, 37 B8 TR A H A7, %
Z —80 CUKAH P IRFEA
1.2.3 ZHZZ RNARREFIATAEH IGF-1 mRNA
BOTUZE B T R FH 2K A 89 0 85 i/ e, TR
AT 5 B AR, BUGE 2 A 1.5 mL i 045 v, i R
RNAiso Plus (TaKaRa 2\ 7] ) & RNA $& B & 19 77
PHREOR T St fTFIE A RNA, I 10 mg/mLL (1% ) B
FRREE I FELVICRIT SR P oG EE TR DN S i AR

FEIL 0D,/ 0D, [ 1.8 ~ 2.0 1 RNA {5 5 i

{81 F DNase T ] 58 RNA 32 B0 LA 2= 4 b ]
BEATAERI DNA, 345 RNA $EBUREAS R B 2 500 ng/ul,
ffi JTaKaRaZ\ W] PrimeScript ™ RT reagent Kit iz
F G 7 6 B RNASEAT UG 536, RO SR R ol
10 L, 54424 37 °C 15 min, 85 °C 55, G2
10 {5 BE 2 5 ng/uls

KR BIGF-1 %2 Ot & 8 PCRI| ¥ 48 4l
GenBank "' 1) Kk O #IGF-1 ¢DNA (GenBank:
DQ666526), 4 3k # (Sparus aurata) IGF-1 ¢cDNA
(GenBank: AY996779). W i (Perca fuviatilus
Linnaeus) IGF—T ¢DNA (GenBank: AJ586908 ) Al 1A
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fiyi (Dicentrarchus labrax) IGF=1 ¢cDNA (GenBank: DQ
105655) J¥ S P 5F K% 3. K H B4 B -actin 7%
e 5 | YR HE 1L 5 (Megalobrama amblycephala)
B -actin ¢cDNA (GenBank: AY170122) Fl ¥ /i f —actin

) ¢cDNA (GenBank : EU664997) JF %) {4 <F X 35k 1% 11
(F1), FrA 519 ¥ H Invitrogen 2 7 & M. 1GF-
I cDNAY" 14 Fi B 187 bpo 5191 Fl ddH,O 75 #¢
% 10 pmol/L.,

F1 EEPCR3|Y
Tab.1 Primers used in quantitative PCR

5|¥ Primer 521l Sequence
IGF-1F 5" —=CTTCAAGAGTGCGATGTGC-3'
IGF-1R 5" ~GCCATAGCCTGTTGGTTTACTG-3'
B -actinF 5" ~ATCGCCGCACTGGTTGTTGAC-3’
£ -actinR 5" ~CCTGTTGGCTTTGGGGTTC-3'

fifi H1Bio-Rad iQ-5%¢ ) % #t PCRAY FISYBR
Premix Ex Tag (Perfect Real Time) 21 €5 % A 171 B fif
JIFHEIGE=T 1 B —actin 3 [K 1Y) cDNA BEAT 7 5047
J WA 2 25 uL, Hi A SYBR Premix Ex Taq™ (2x)
12.5 pL, cDNABEH 2 pl, b R 35147 (10 pmol/L)
0.5 uL, ddH,0 9.5 uL. %¢ ¢ 5 & PCR & v/ 2 P
995 CHIAENE 10 53 95 CAFES 5,58 CIE K FITEAH
30 s, ML A0 DGFR 5 A ZE TR I A Rl ik 11 2 i) 425 9%
(55~95%C 305, 05°Ci§1‘)}21‘{§t)o

Bifi AL 356 B — ™17 MBS A cDNA #4735 38 PCR,
I 20 mg/mL (2%) E?EE%%%H@ FLUK , BB T atift
(14 L 1 6 DR R 2 BRBE R 4%ty e Tl i vy B 1 35k PR AT
Z: HE R cDNA S 4T 105 R 90 B, e L6 4~
W BB R A T SE O 2 2 PCR ™38 210, LA
PEHEL (Threshold Cycle, Cp) APNABFR , LU A e JiE
(AT BE R R Ak b, 43 S A B R R IGF-T Rz
HRFEEP B —actin AR IERTZE
124 HEMEEMITESHELE IGF-1 mRNA
FOR R L -actin HNZ, SHF RIS EER C,
(EBEATE— AL AL B T 2724 Ty B s SE I ) fa) A
[F] SRAE I ] IGF-T mRNA FYAR XS ik, SLH 4L
W GE 43 B 2K FH SPSS13.0 5k f- b B, 47 B R 7

253 M7 (One-way ANOVA ), 45 5 DS 34 {8+ b vfE 152

(F+SE) #7~,

2 HBR5SH

2.1 SERFSEEREE PCR HURRAE B2 FnRbfR s 2 o i
TE S [R] (R B A BT IGF= 1A B —actin L3
PSR AR 102.1% F195.5% ., AR AEE &

05394 0.997 8 710.986 ([ 1-A | B), %mfiiﬁ
R G ZR B4 6 2 64T S i 5l o 5k PCR Y55
X9 fit PCR A A 1] (1812) 595 A i 4k

B (E13) 43 #r il LAAS s, B LR N S 36 R G 5
B S S Y A, TCAR R S e G |
TR A YRR S
22 KOBHERKPTL

Xof BRZH AR R ARG N, G 838 (10.99£2.11) %,
RKIERK T (3.07£1.41) %, 25604 256 3 1a) R B
AR RN, 253 HE, IR FRE TR T
5.08% WRKIE D T 1.79%, 5% BE 4] 5L B i 2 22
5 (P<0.01), 2K E MG, A& KK IT
AT o IR P 2 JA I, £ A o ok SE 40
57K T 1 98.54% , A Ry SIS 1R 7K SF- 119 99.03% ,
CL A S BN LB RS (P>0.05), {AAT) R i 2
RTXT R (P<0.01), R HME3 JH G, 25 20
SRERFRA K (H S X AR 22 R R 2 G . AR
W R H R M AE R IR A, (H 5 X B A3 =
KA 2ZEFARE (P>0.05), FEILE 4,
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B ERIREER A
Threshold Cycle

E=102.1%

y=—3.273 Tx+1.006 8
R*=0.997 8

—d (RFU) /T

RFU

1GF- IAS AR X e
lg (lemplate concentration of IGF—1 ¢cDNA)

300

250

200

150

100

50

1800
1600
1400
1200
1000
800
600
400
200

—200

EHEHIEEER 4

Threshold Cycle
O

E=95.5%

®

y=—3.446x—0.829

R*=0.986

lg (lemplate concentration of ﬂ —actin cDNA)

B —actin B B2 FE

A B
BT SEREOEE I PCRARIEHZE
E=(10"""*—1)x100%.
Fig. 1 Standard curve by real-time fluorogentic quantitative PCR
E=(10""""—1)x 100%.
5 =
: == _ B —— |
= —— \l
F o
55 60 65 70 75 80 85 90 95
TREE/C Temperature
K2 SERPOERE i PCR K]
Fig. 2 Melt peak chart by real-time fluorogentic quantitative PCR
E [ —
F g
55 60 65 70 75 80 85 90 95

W /°C Temperature

B3 SCNPEOERE I PCRIF AL
Fig. 3 Melt curve chart by real-time fluorogentic quantitative PCR
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115
110
105
100|
95
90
85

R /g Body weight

—0— X4 Control group 1751 —— XfE41 Control group
—eo— {2 Fasted group

—e— 5G4 Fasted grou =
£ 170
A 165
£
11\4 16.0 -
%=
1 1 1 1 1 J 15.5 1 1 1 1 1 J
1 2 3 4 5 6 0 1 2 3 4 5 6
AFIE])/JE Time/week I[E]/E - Time/week
A B
n=3;x+SE

K4 RHBSTHER A
LR REALL, * P<0.05, ** P<0.01.
Fig. 4  Changes in growth of largemouth bass
* P<0.05, ** P<0.01 (with control ) .

23 AKOZHFFALAFIGF-1 mRNA £EHNTL MR, A2 R B P ZUIGF- T mRNA Y33k
AREE R T BT IR IGF-T mRNARY % AKEREIKE . (BRI E B 2 J8 5 P44 IGF -

KPR TR Radssa s i EFa I mRNA A AT i E AT XA (P<0.05), Y4

ZUGF- 1 mRNA () RIBACHR T X A B2 %A REHRWR3 G, IGF-1 mRNA FRKIkAKF- 5% 4

3% (P>0.05); MG 3JH G, 28 A FALSUIGF- MR 225 (P>0.05), FRILIA S,

I mRNA 7K R T X R4 (P<0.01), R H%

3 itig

g
P

IGF-1AHX 3
(IGF-1 relative expression value )

1.6 -

14
1.2
1.0
0.8
0.6
0.4
0.2

Fig. 5

8 XJHR4] Control group
B 2554 Fasted group
n=3;x+SE

Bf[E]/f Time/week

K5 ASER I REAFE IGF-T mRNA k00
EXHRAUML, * P<0.05, ** P<0.01.
Effect of fasting on expression of IGF—I mRNA in liver of Largemouth Bass
* P<0.05, #* P<0.01 (with control ) .

L Y HeRE (1L - 2), 78 PCR VAR R, 2R A
AEHRE 2P EYL R SYBR Green 15 X% DNA 454

AWHTEE AT B M PCR S AR A BSOS , A PR A R 531
SR RONA R BEMEAN IR BRI RO Y B S R A OCHE e HIEREL, BT RO 1l IR, ELBTAR AR 45
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Ko [RIF, T ik s s R 20 A T LA 75 BUsE DNA I
SRR, U 88 A | — SRR, R T AL
SRR Y (813, 1814), AW 7 255K
i A4 U Livak S5 BSR4 — 80

AHIFFE A SR IR B 50, {H SR 4 S
HROR 1 TR A B 4 % — LRI 42 d I RIS B 25
SR, X B 0 (AR HE R 0 10.99% , (R KB Ry
3.07% MIXHFIEH A KO RN 18 . X P B
B 1o A A ) — R I P X U 27 £ B 3
B, 53k, 925 b BT A RS R R VxS R 1
BHTNIERAIE M, BN SEREHE T E X IR
HGEEEHR A RSN RI BT

ENENELE ST NS S0 I N RS A B
IFAHZUIGE-T mRNA KR8 T G 520, P
J L K E RS A K FFALZUIGF-1 mRNA + BE %
/I e LIRSS S NV 0 e ) G S W L ECP N
SRETFHETGF- 1 mRNA 35, 38 i 46 Ak H TG F -
I mRNA Y 35 4= BEREAE A1 K I R s 38 5 A
SRR — DT B, AR T A
KRBT T e 5 AW FEAH— 81 L. Duan
1 Hirano ' 5% JT Northern E[J 75 2% 3 12 BF 5% % ¥ H
A i (Anguilla japonica) 75 14 d B 25 £ )5 JiF 41 21
A IGF-T mRNAZK - {2 3 fIX F X i 4. Duan
Plisetskaya'™ %J £ K T i 48 ((Oncorhynchus kisutch)
W5 4 B, 256 4 S8R FE A TGF-T mRNAJK
- S AR ARR, 2B R A5 i, L AL O SR A A 2H
AU Y IGE-T mRNAZK - I JC i 3% 228 1k, F IR
2 J J JFFHIE R A TGF-T mRNA 7K S SR &2 51| %6 H]
(7K -5 TR e AR £ 4 8 )5 i b GH /K- 1=
TP IR A%, AT SR A5 R T AT
HETGE-T mRNA B 2 3K, fi i 25 & 42 PIGF-1 /9
KR B, AT S B RS2 B A R alE AR R
[ S B YN il 21 (Lates calcarifer) el B i SRR Al
((ctalurus punctatus) SR B (Epinephelus
coioides) I Hiti (Oncorynchus mykiss) NV E 5]
(Oreochromis niloticus) ™ A " JFFAEH IGF-T mRNA
ESuy/ GO

AR AR DB LR 21 B AL IGF-1 FIGH L
SRR R B VAR R IR i B ) , fof 5 % ik 2 £ S Fr)
ARG I IGF- 1 AT GH 7K S (A A5 L S BE, M1
I F A KRR UK E R s o5
AN AT I O R ABIS IRIN R J2 . MO B3R 3T
B AEAt (Oreochromis mossambicu) [7]\ﬁ£'§ 1%@@“71 il
i 24 2 g SR XTI 4B 1GF-T mRNA
TR RGME AT S AE R R T, &
MIZ AR f BE R —2hE . X UGG E 2 21
HIGF-1 mRNAZKFEAEAR R G h 1Y IGF- 17K, ]
PURON 25 77 5 A ROR B AT SR . B9 [ it
K, RE CHR I A K S EEH AR T A
WM GH mRNA A KR IR R 551
GHIZK AL AT 1 HE sh P rh A A 5 8 TR 2 A
FRRH S Ak, GH R BUbK bk 4300 , RIS A7 7R
& F R A R AR 5 ™Y, DR, i A e
GH mRNA Fh /K P8GR R 400 GH KA RETE
T S WA S 3R S A RS

BRI E R S s e R &
Mo YEFRROUAS IS S A B — RN FENL
il BT X SRR DA 38 R PR . FEE TR IR
B, Sh A A K sz BR o {H GH 7 i i A g 3 R
PR RFEGEIR RGP KO AJRBEAR, i T+
Fho XANELG R T GH I Z IhREVERI3Z 2 IGF-1
S SR E R . SIAE B RS2 BRI AL T
OMRARIEPIRAS T, GH &4 HAR HELH 2L g 1 43+t i
7R Rl AR R AR A S BE R TR . RIS,
JFHE H GH 32 A B8 8 () 84 45 G H R 38 A 7= A=
IGF-T BypLI & R, N7 GH Al IGF-1 /-1
P KAEIAZ B, IGF-T 7K -1 T [ S 7 B fs 4
GH/KN-1 BT e X — IR AR e A 8K
Xt GHIGHEHE™, B2 %t IGF-T 45 GH [ A K 1
RN R st GH A BT REAT AL, AR 1GF-
I S K ME R = Z M A L R AT
THOREZ X, XHFAIEIGF-T mRNA kK
SRR AT LS e R AR RIS SRR A B
TG F KRN 53 KT IR AT R
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F SRR RETE T2 ER X TR SRR
3 WA PRI S 1 AN G Xs 2K i i g 25 3h 4 O
FIRARAEG T8 . A IR R IR AGE T a S H A
HAPIGF-1 1 B /35553 W 32 BE 7R AR
DLIYREI L K2 B R R (N5 (R it e
Y45 WA K5 1IGF-T B3 1E T, A4S 1
fif B R BN A K S IGF-1 A2, AT =F & 4
FEFFIIR HE IR 2 N T B

25 L TR AR R AR B R T B A R
JHWE A IGF-T mRNA 2 35 7K P-4 23 7™ A= £ I 52 il
LR R 4 A K S PE IGF-T mRNA 1k K- 5
TEARSG, FRUA] L, B TR R e A KR -2
[ 5 2 A K A T =1 (GH=TGF-1 ) % 2 2 1% 9 45 A1
T JEHFEF IGF-T mRNA FIZE1E AR AE N 43
T S A 2 SRR A KRN 4y
W, HA SRR A Rl — 5 %

SH 3k
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Effects of fasting on growth and expression abundance of IGF-]
mRNA in largemouth bass ( Micropterus salmoides )

CHEN Naisong, ZHOU Jie, JIN Lina, ZHOU Hengyong, MA Jianzhong, QIU Xiaojie
(Shanghai Ocean University, Shanghai 201306, China )

Abstract: The endocrine axis of growth hormone-insulin-like growth factor I plays a critical role in adjusting fish
growth. Meanwhile, nutritional status exerts a complicated effect on the axis. In this study, real-time fluorogentic
quantitative RT-PCR (rf(RT-PCR ) was used and the effects of fasting on growth and hepatic insulin-like growth
factor (IGF—1) mRNA expression abundance in 1-year aged largemouth bass, body weight (100+1)g, were
evaluated. During a 6 weeks’ trial, control fish (Control group ) were fed to apparent satiation twice daily, while test
fish (Fasted group) were fasted over the first 3 weeks and re-fed over the later 3 weeks. At the end of the trial, the
body weight and body length of the control fish gradually increased by 10.99% and 3.07% , respectively. Those of the
fish fasted for the first 3 weeks reduced by 5.08% and 1.79%, respectively. During fasting, IGF—I mRNA expression
abundance in liver came to downtrend ending in 29.93%, significantly lower compared to that of the control fish
(P<0.01). After 2 weeks of re-feeding, the hepatic IGF—I mRNA level was still significantly lower (P<0.05) and
the body weight and body length restored to 96.54% and 99.03% of the initial values, respectively. After 3 weeks of
re-feeding, the expression of hepatic IGF—1 mRNA did not show significant difference compared to that of the control
fish (P>0.05) . But the fish restored only to the initial levels in body weight and body length. These results showed
that fasting caused body weight and length losing with reduction of hepatic IGF-I mRNA expression in largemouth
bass and that re-feeding resulted in restoration in body growth and expression of hepatic IGF-=I mRNA. It was
conducted that there was a positive correlation between nutritional status, growth and hepatic IGF-I mRNA level.

In most juvenile vertebrates, plasma GH is increased rather than decreased under conditions of nutritional
restriction. Current evidence suggests that the biosynthesis of IGF-I is a key control point for nutritional regulation of
growth. Plasma IGF-1 peptide levels and hepatic IGF-I mRNA abundance are correlated with growth velocity and are
consistently decreased when growth is arrested by nutritional deprivation. As for fish, many important questions need to
be answered to fully understand the nutritional roles of IGF—1I and the underlying molecular basis. The effect of nutritional
status on the autocrine or paracrine of IGF—1I in fish remains unclear. In addition, it is essential to investigate whether
individual nutrients, such as amino acids, energy, minerals and vitamins, regulate IGF—I gene expression and biological
activity in fish as in mammals. These pending findings will contribute to completely understanding information on fish
IGF-1I physiology. [Journal of Fishery Sciences of China,2010,17 (4): 713-720]
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