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TRE N RIA f ( Oncorhynchus keta) HE KPR BN B (FE NS EAFA BV S EFM THERES (EERER A&
BH) , SKEHBLE PN SEIR A, 40 S0 IE H SR AR YURSE IR A , A4 AR BRI SR 1t /DA [ TR 5 A Pk TR B o R ) 4 AR EE
TH4F. B8 3 A RHIRME BB G RE R 71, I 2528 T2 A T 36 i 5 P 83 1 0ot R 88 ( Cyprinuss carpio )
BIAE R IL KL 5 A ORI M IR R B R OUTF TR 58 45 SRR, 1EH B 1) 4L Fry T % TR 0 o R 880 O B8 A 0 384K 32 43 33 A
127.9% F170. 6% , T LR S U 2 B 2 DR 9L o SRR 9 B A O 30 K R A 1L RE 72. 3% 01 52. 2% , R TLIRAE MR B IE A1)
BUEBRIEOUT , 5 2R PR R H DR AR K A I3 5 188 5 e 5 7 2 2 e R 8 X R B ) i T S 28 B, K B A 52 A £ M e o (R
At RE R E R TEREERARE (P>0.05) HIURAF M AR HE RV LEEZRABE (P >0.05) HERKE
PRI i 1/ PRI B R T 0o R, 22 57 (B3 (P < 0. 05) , R A 2 DR 8 ] B ) e LA 0 IO T AL TR RE T 5 ORI 5K
Wi HIR R T HETA R E5 (P >0.05) (B A 472 R e R AEEA X EREZ R BF (P <0.05) , TitTE
TEERTEEYURIEOUT , 5 28 SR 1 i R 5 175 DU 47 T %o PR

REEW R RN REAMXE KR R IR T

Effects of feed shortage on growth competition and gonad development

in transgenic carp and wild carp

LIU Chunlei’*, CHANG Yumei', LIANG Liqun"* , XU Lihua', LIU Jinliang'?, YAN Xuechun'
1 Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China
2 College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 200090, China

Abstract ; Preparation of transgenic fish transferred foreign growth hormone gene ( thereafter abbreviation of transgenic fish)
is the main method to shorten the growth period and increase the growth rate in cultured fish species. Presently, a lot of
cultured fish species such as Atlantic salmon (Salmon salar) , tilapia ( Oreochromis niloticus) and common carp ( Cyprinus
carpio) have been transferred foreign growth hormone gene successfully. Previous studies showed that transgenic Atlantic
salmon and tilapia were able to not only increase the growth rate but perform very well in other ways like salinity resistance
and efficiency of food conversion, etc. Common carp is one of the dominant cultured fish species and has plenty of varieties
and strains in China. Transgenic common carp has been prepared in the late of 1980s triumphantly. Previous documents
mainly involved in studies of environment adaptation, body component as well as swimming speed between transgenic carp
and wild carp. And now, scientists abroad and home give much more attention on researches of food and environment safety
in transgenic fish species, transgenic common carp is no exception. In this study, in order to compare growth competition
and gonad development of transgenic carps transferred salmon growth hormone gene and wild carps in semi-starvation
condition, the experimental fish species were divided into group A and group B with the same total weight, and each group
contained transgenic carps and wild carps with equal gross weight. Group A was fed with enough food and group B was fed
with half of the former. Sampled in consecutive three months, the growth performance, food possession and gonad

development were compared between transgenic carp and its counterpart in two groups. As a result, in group A and B, the
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relative growth rates of body weight of transgenic carp were 127.9% and 72.3% in transgenic carps, compared to 70. 6%
and 52.2% in wild carps individually, demonstrating that transgenic carp had the advantage of fast growth over wild carp.
In addition, the data statistics showed that no remarkable significance was detected ( P > 0. 05) in two groups, By
comparing the filling index of intestinal tract of two carps, however, ratio of intestinal length and body length of transgenic
carp was significantly greater than that of the control (P <0.05),indicating that transgenic carp probably had stronger
digestion capability for food. In addition, there was very slight difference during the gonad development of two carps in two
groups (P >0.05), however, the value of relative gonad weight of transgenic carp was remarkably higher than that of the
control in certain month ( P <0.05). further pronouncing that the gonad of transgenic carp developed better than the control
no matter in group A or B. To sum up, transgenic carp seems to have the stronger abilities of growth competition and
propagation advantage than those of wild carp no matter that in food enough or shortage condition. Therefore, more concerns
should be received in case transgenic carp escape to natural water systems during pool farming, which will probably affect

the genetic background of wild carp based on this study.

Key Words:; transgenic carp; relative growth rate of body weight; filling index; gonad development

Fe e RER AN M NPT R0 SR A KA R A REE N B2 it. A E PR AR
%k, BASMNRERBRERN S RER LT BT SR 5T BT B M R, JE6E, AL
KRB REA RO AL K PV £ ( Salmon salar) A SRS L ME R Na " -K ™ ATP BEEHE™, itk
B4 1 ( Oreochromis niloticus ) 1 A 44 3t A .35 I R £ Wy % 1k 36 . & LAE F AR 199 98 B2 R0 P 2 28 1B L
S S KSR BE 8 ( Cyprinus carpio) (AR fRT BRI 26 DRI 80) /1 (HL AR R BE A bl 77, T ELS R R BF 5%
T 52 BRSS! A IR TE A B2 5, R o B AR Tk R

FURT, 56 T R ] 3 DR B B, T HL— SRR R 1 L3R 2 R B, (R 0 Tk 2 R A Rl
A, 2 B BURF AR BT AR RS BE , 2% BBl oA AR B N £ 1 B P R A 28 % 2 T T IE 7R BEAT 42 T 2300
B TAE, RO mRE B ek 7EFRE , ek 82 ) B 22 T 2R @ i 17 MR 3L sh W ( Felis
catus) FI/NR( Rattus norvegicus ) 47 o 5% HEZHAR L, 5] WA 25 DR 2 6 4 R/ BRUZE LV 480 L 2 SO BE 224
#RFRIE S TR R o BRI RS TP — AR B A SRR, B
GrTHRCRINES SR B , 27 i DR A X R 70 1145 1% 0 10% FRYRRE AR L TR R I, 22k AT 0 X o IR A0 352 £
TR AT (ER AN HERR SR 0 D81 798 X A ol SR W VR ORI o A T 502 R R T
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1.2 [FIRSR Rk R
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2000m*, 3 FIFR Ky A M B b, A St Fp I R AT X R AR A ) 4 T R R 43 1l 74. 19g R 135.97g;B it
H A R R R X R AL P ) P S AAREE D 73. 61 A 130. 17, SERGHAIE], A S REAT IE W AR, BI AR R B00R 3
W RAPBA 1R, ROREDRO A TR R (KRB RAF) o SR BV A IR RIHR M4,
HAIR ICFEORIRLE &, 4 (B B AR BORBIAT 5 B W BT LR AR, RIBIRECRI [ 475 A dbAH
A, (B DR IR R R A Wi — . 157 3 N HJE  JTIRRER M, 2 HI7E 7 8.9 A iy P AIX 23t i Fe
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Table 1 The relative growth rate of body weight and the parameter of equation of body weight and body length for the transgenic carps and the

control ones

ﬁii/E(S’Fi’El{Ei WE P + THABEO Ak W= bLo K29 Parameters of W = Lo
as M iz )RR
Groups Individuals Body length Body weight Growth rate of body FHE R B

(Mean + SD) (Mean + SD) weight from Jul. to Sep. Correlation coefficient b .

A-7-Z 28 19.56 +1.19 283.00 +48.86 127.9 0.947 0.098 2.674
A-8-7Z 28 22.22£1.14 436.18 +54.39 0.737 1.221 1.893
A-9-7 30 25.37£1.89 581.47 £95.8 0.787 0.745 2.056
A-7-D 27 23.55£1.95 414.64 £67.91 70.6 0.735 1.148 1. 860
A-8-D 24 25.42 £2.75 523.45 +134.00 0.852 0.056 2.710
A-9-D 28 27.93 £3.33 725.94 +138.33 0.785 5.39%4 1.469
B-7-7Z 28 16.98 +1.61 181.40 £41.40 72.3 0.907 0.017 2.895
B-8-Z 27 19.24 +1.35 240.22 +43.69 0.938 0.098 2.633
B-9-7 26 22.63£1.16 286.58 +51.65 0.957 0.031 3.007
B-7-D 23 18.80 +2.48 202.10 +68.30 52.2 0.953 0.163 2.456
B-8-D 26 24.20 £1.43 373.07 +64.89 0.887 0.116 2.590
B-9-D 29 22.31£2.09 327.63 £72.91 0.826 0.532 2.061

1.3 MR
B SR FEPLREE MAEA AT IR EE O 2] 0. 01g) FHAK CREAA R 0. Lom) T &5 4R /5 1 & B AL 1) 3K 35
F1aE)FF 5—8 em 71 B B AR, FREZS e E MR MK R N B WK BE ; 555 1 0 1A 5 3 vl f E i 4
BRECHS , PR MR B RS R B2 0. 01g)
1.4 HEIRARY A
BGHR A HRE A A HEBR 25 Lem® K/ Bouin” s [ 5 W [ 52 , SR J5 K YRR A7 TE RS 66 B K . — FR 2 388 1
LT 60 C A AR LA 1A (VDA B 5—Tum) ARSI (H-E) P 5B 5 8RR AF S o
ZHZIY) - #E ZEISS ( PRIMO STAR) 4845 T WH£X , Moticam 2306 $UHS 4% 22 Sed0 IR, MERR 4y B3 R B SR 2% A
RE R,
1.5 BB RSk
AT, i BE R SR BRI A (B B A B R e e, A IS & R PR X K R AT L d . W, R A
AEX 3 258 Bl S5 A R B ) PR
AW = (W, -W,) /W, (1)
KA, AW SRR KR, W38 9 A irh A PR E (g) , W 38 7 At AP EEE (g) o
IRE AR 72 SPSS16. 0 14 i1 £ 815 ( Curve Estimation ) 73 HT {4 AMA T AHC K R, LG 81K
KAAE(L-W) XR T, TR IR
W =bL*™! (2)
KA, W HEE () , L B 5 EEMB AR (cm) ,a b HHH
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K R S B S TE AL RE U i AR, [R] At S B T SR AL M B S
BP = B/L'* (3)

K, BP A K H (em) , B K (em) ,L 38 5KAEN B FEK (em) .

FEERRTLBRANBERIT, TS ANFR EHNEYWEBKE S 0% .25% .50% \75%
100% ¥ FEFEBE 734 S FER 0.1.2.3 4 JiF:

N =SL/CL'* (4)

K N ABREY SR G, SL AN EYKE (cm) ,CL G ERKE (em) o

PEBUATE B IR R AR B, B B VIR R B R B AR AR . LU 5k DR BRI X R A P P 2B HE
B, R A SIME T R IR Ho2s 5 W PE . AEXTPERR AR — PR IE G551, B4 A SO T PERR R BRI«

GSI = GW/ SW™ S FAXHENSE = GW/W (5)

K, GSI e IR, GW IR E (g) ,SW = RE(g) o

R AL B 3T AR, 20 B] 25 R PR SR I SPSS 16. 0 BR {4 ki S2 M T i % (independent-samples T-text)
SERo
2 IWREREHH
2.1 R FLPR AR HR AR ) A K B AR

RIEAIXT AT G RN, 700015 A B Bt S L R AR AR R B KR (R 1), AR 1AL
B, 7 A2 9 AN A W (EF MR I BE BR8] (A-7-Z;A-8-2;A-9-7)86 2, HAKE Y
K ZH 127.9% ; B A (A-7-D;A-8-D;A-9-D)79 B, HAKE MK K 70.6% ;7 AHr+a%9 Ahd
AN B 3t (CEYUR) Hr St U ZE R 88 (B-7-Z; B-8-Z;B-9-7) 81 B, HKE K H Ny 72. 3% ; FLlHU xS fe
(B-7-D;B-8-D;B-9-D)78 B, HAKE MK F N 52.2% , A i % Jk (R MR (R B 3 < A 2 % FR ALYy 1. 81 4%, B
b A% 5 PR 8 1 (A B M 3 R X HR B 1. 39 4%, 3@ AT ELAR A (B it A R DR R R (R ER AR X 3 K R AT LR
TCIRTE IEH MRS T IR VUSR5 5L R AR 1 K SRR T 0

REERIUGHFREERER (R D), A MW EE A HEREMERK X REAE 0. 735—0. 947 Z[h]
254k, B B A A A R ER A K BRI SE R BOUTE 0. 826—0. 953 ZJA)AE4L; 9 A4y B Mhih SRR o
EXT 3, EREAWME o H¥/NTF 3. B o HNAEYREXATA,9 A B b EEREM ERKEECH
ThRE . MEBRAKIE HFBHITZRST, SREBADE P AE SEK BRI (P <0.01),

2.2 BEILPREFNNT HR AR LIS RE ) L #k

Atirp, B A SRR R R R Y REE 2 AR E (P >0.05) ;7 B Hth o, 7% 58 X 0% BE
FREEWAZR(R2) FEREETH WAEEERT 3 B, Xy i A s E Y eIk T 4 K, Hi 8
A2 MM EEZRBE(P<0.05), AB M FMEEEELREFELARKEDSERMFTRER
BRI R R T R A

K e B RS A5 R R, A B Bt P R B SR K L B KT X BB (P <0.05) (R2) . YR
SR B 3y R A IR A ) AR I Tk FR A, B i 4C E R T R A
2.3 ERELPIBRRIN RRARE AR R BORGL AR IR E S AR B

e A i, & 7 G R R R AR FRE MR R B R AR, 2R A B3E (P >0.05) ;T4 B ibH,7
A SR e i AR IR R B R LU B R, W R SR AR R T B M, 8 A it 2L H # ik
R B HERTX REE, RRE R BRI, B AR A EHE L TR EZR(P>0.05)(%3),

XF A B W th Hh A R ARG R AR X PR AR R AT BE R . S5 R, A 8 A R L R e R
MREE R B (P <0.05) , HRZEHAMERABE(P>0.05);Bidh 7.8 WA MERYARE(P>0.05),
M9 AMERBE(P<0.05), [FETHZFE3 ATLAE M, A B Wt 4% 5k [F A1 F ) FR ARG & 8% i3 hn, 44 A%
RIEE(GSI) A B H S HEERIFABE (P >0.05) ;4H B & H P M RBEE R R T A
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Table 2 The filling index of the transgenic carp and the control

. . AR R P RABHEA L/ %) 1/ em K I

Groups Individuals illing index (individuals:percentage/% ) Intestinal The ratio of intestinal
0 1 2 3 4 length length and body length

A-7-7 28 1:3.3 9:33.3 10:33.3 2:6.7 6:23.3 47.66 2.43

B-7-Z 28 11:36.7 14:56.7 3:6.7 41.98 2.46
A-7-D 27 6:20.0 10:40.0 6:23.3 1:3.3 4:13.3 53.81 2.29
B-7-D 23 1:10.3 12:44.8 7:27.6 1:3.4 2:13.8 42.26 2.23
A-8-7Z 28 1:3.4 1:3.4 5:17.2 11:41.4 10:34.5 57.10 2.58

B-8-Z 27 10:33.3 15:56.7 2:10.0 57.95 3.03
A-8-D 24 1:6.9 1:3.4 9:34.5 13:55.2 60.65 2.37
B-8-D 26 2:7.1 21:85.7 1:3.6 1:3.6 1:3.6 53.90 2.50
A-9-7Z 30 61.29 2.39

B-9-Z 26 53.51 2.60
A-9-D 28 62.46 2.23
B-9-D 29 54.09 2.44

19 AR AEBERE £ 5k

®3 HREFNGEIMREHERLEHBNNRRR
Table 3 The stages of gonadal development and GSI of the transgenic carp and the control
PR RO (RE: BT SRR 4% ) P kT
415 e . f}f)nad development FERRTE/ 5 Gonad weight/ 25/ GSI
Groups Individ-uals (individuals: percentage/ % ) Gonad weight body weight Shell weight
I I v

A-7-Z-C 10 6:60 4:40 1.02 0.00352 254.06 0.387
B-7-Z-C 9:100 0.85 0.00437 168.91 0.49
A-7-D-C 5:62.5 3:37.5 1.71 0.00442 3.51.72 0.670
B-7-D-C 9:100 0.63 0.00274 195.47 0.31
A-7-7-X 10 6:60 4:40 1.86 0.00688 238.22 0.817
B-7-Z-X 10 4:40.0 6:60.0 1.36 0.00834 148.94 1.47
A-7-D-X 5:83.3 1:16.7 1.52 0.00364 366.05 0.481
B-7-D-X 5:83.3 1:16.7 1.51 0.00587 214.52 1.27
A-8-7-C 10 5:50.0 5:50.0 3.27 0.00741 388.08 0.741
B-8-Z-C 13 12:92.3 1:7.7 2.24 0.00959 222.61 0.96
A-8-D-C 10 6:60.0 4:40.0 2.60 0.00568 419.82 0.613
B-8-D-C 12 12:100 2.73 0.00759 324.35 0.73
A-8-7-X 8 1:12.5 6:75.0 1:12.5 7.25 0.01722 380.76 1.803
B-8-Z-X 7 1:14.3 3:42.9 3:42.9 4.72 0.02115 198.3 2.25
A-8-D-X 9 7:77.8 2:22.2 6.07 0.01067 524.75 1.687
B-8-D-X 7 6:85.7 1:14.3 7.43 0.01924 368.8 2.43
A-9-Z-C 14 3:21.4 11:78.6 4.38 0.00796 497.94 0.796
B-9-Z-C 12 7:58.3 5:41.6 2.98 0.02082 249.06 1.41
A-9-D-C 10 4:40.0 6:60.0 7.98 0.01019 638.48 0.958
B-9-D-C 9 5:55.6 4:44.4 2.61 0.00997 323.27 0.85
A-9-7-X 6 4:66.7 2:33.3 24.37 0. 04006 521.25 4.006
B-9-Z-X 7 5:71.4 2:28.6 13.71 0.04833 245.24 4.87
A-9-D-X 9 3:33.3 6:66.7 25.59 0.03596 609. 67 3.596
B-9-D-X 11 5:45.5 6:54.5 12.79 0.03377 264.06 3.97

T CARRMESE, X AR, GST 151k BE R
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3.1 BRI BRI T I K R I AL RE T

A SEHG AR RRRIA A KR B R P/ MR &, R HEEYUR A RS T R EHEA s 4
KRR B TR R SRR AR A E 2 5, R A9 SR AR A A B384 28 43 731) g Bl 96 o 882
ARG, S5RFARELRETCISREMN LR LYVRRE T, R E K SR 0 R, 6 5% KD
fark KR I R R I B A RS @ A TRE R & IR S AR,

W5 Hp 2 L DR R X B A K T 7R B R 2ok B T A LRR MR R, B TR FIR SR , P LI
B2 AR RS WEBN T, HEFE A B S A B R B 25 (P >0.05) IR F
T, B ER N 78 R AR T X R (3R 2) (R R A A K R K F RIS R, S AMRE
B 8 2l A B A S B _E A —AN DU T 2 ke T 0 AL X 5 2 o AT S B S R R i K/ K e 3y
BERKTX (P <0.05) , By AT DA% 3 R 4 ] RB B 50 P RHEE AL 38, B3 U0 B8 55 I T AL TR
WeBE 77, KT ST 45 R 521 rn 45 IR 25 SRR AR AT o Eh U, T R R AR A K B T AR R
o AR ARDE 5% L3RR S , A K IR AR R P BB (% 2 (R B A B, T ALl e 0 B 5, EL AR AR B
A R — D5 .
3.2 BRI HR AR T 3R AT

Rowe 2538 H R, #2058 ik AL B PRI RE B R 2] — I L BME™ , Bl 2 RA R E A 3] — e AnifE,
AHRIRBEEATHEREE . AU LAIENE b —A 50 B K RER BT , 4 2 2k R 0 [R) 5 5 ML E AT IR R
b A o PR 8 SR e R 42 7 5 T PO ), TR SR PR B AR 5 8 (W7 = L) 5% sfe J e 2 52 U £ 7 A
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4 ING
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