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XNEEFT HEME RAET WAL xNeEET O OREA EEIL
(" PEAK R AR BT FEIIFEAN, MR 1500705 B RSFOKFE S5 areibe, B 200000 ° bl & K22 =5
TREERE, WAL 063009)

 E BRI KRS & A K R At B R 30 R, 45 A AR K AT fn AR
AT EHRAK K e EAE ERK . EK oK RAE REE KE 10 NERE
MR R EN TR, A B S m — R X E S BREERTENETERA S B M
KRAMERKN, AEEtBENA B, RAUREERENNHEX AR A LERE
FATF(P<0.01). BEMMERE T Rk FEEGT U TN EEEEERTEN EELA
S HEEEEERKANERTENRZRZRA 0.572, 5 AR R EWEZ FH H 0.415, K
A EERERRE; TMAEREFM KT UL TN BRI EN EELRA S, B
REX R ENRRZHEN 0.610, L KITAEMENRERE N 0.377, KEFLKEKTE
EAREEA.

XA HEEE @HwiE XABERK MHExHN BRI

XEHS 1001-9332(2011)07-1893-07 HEHFEES S965.1 CEEFRIZEE A

Correlation and path analyses of phenotypic traits and body mass of transgenic carp with
growth hormone gene of salmon. LIU Chun-lei'?, CHANG Yu-mei', LIANG Li-qun', XU Li-
hua'?, LIU Jin-liang"*, CHI bing-jie’, WU Xue-gong' ('Heilongjiang River Fisheries Research In-
stitute, Chinese Academy of Fishery Sciences, Harbin 150070, China; *College of Fisheries and Life
Science, Shanghai Ocean University, Shanghai 200090, China; *College of Civil and Architectural
Engineering , Hebei United University, Tangshan 063009, Hebei, China).-Chin. J. Appl. Ecol. ,
2011,22(7) : 1893-1899.

Abstract: Thirty 2-year old transgenic carp individuals with growth hormone gene of salmon were
randomly selected to study the affecting degree of their phenotypic traits on their body mass by the
methods of correlation and path analyses, with 30 individuals of non-transgenic carp as the control,
aimed to ascertain the main phenotypic parameters affecting the body mass of the transgenic and
non-transgenic carps. The test phenotypic traits were total length, body length, body height, least
height of caudal peduncle, length of caudal peduncle, length of head, snout length, eyes horizontal
diameter, inter-orbital distance, and body depth. Correlation analysis showed that for both of the
transgenic and non-transgenic carps, most of the test phenotypic parameters were significantly corre-
lated to body mass (P<0.01). Path analysis indicated that for transgenic carp, its body length and
body height were the main predictable factors affecting body mass, with the path coefficient being
0.572 and 0. 415, respectively, while for non-transgenic carp, its body depth and tail length were
the main predictable factors affecting body mass, with the path coefficient being 0. 610 and 0.377,
respectively.

Key words: transgenic carp; body mass; phenotypic trait; correlation analysis; path analysis.
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Table 1 Statistical results of body mass and phenotypic traits of the transgenic carp and the control one

215 AR Trait

Group Y X X, Xy Xy Xs Xs X5 Xy Xy X0
T i PR F-HI{H Average 611.30 11.01 31.44 26.67 4.19 393 7.71  2.55 .14  3.66 5.3l
Transgenic FrifEZ SD 143. 18 1.13 2.45 2.21 0. 39 0. 41 0.72 0.27 0.11 0.29 0.43
carp ARERFCV 0.23 0.10 0. 08 0. 08 0.09 0. 10 0.09 0.10 0. 10 0.08 0.08
Xof FR fikd A Average 742.57 10.41 36.59  31.17 4.10 5.28 7.32 1.87 1.19 3.84 5.30
Control FrifE2E SD 159. 65 0.88 3.16 2.73 0.34 0.52 0.73 0.38 0. 10 0.31 0.45
carp ARRECY 0.21 0. 08 0.09 0.09 0.08 0.10 0.10 0.20 0.09 0.08 0.08
Vi =A

AP s

RE=ArifE 2/ FEE CV =SD/average. Y: &I Body mass (g); X, : % Body height (em); X,: €1 Total length (em); X;5: &K

Standard length (e¢m) ; X, ¢ JFEARE Caudal peduncle height (¢m) ; X . M Caudal peduncle length (em) ; X : 3K Head length (em); X, : ]
K Snout length (em) 5 Xq: R4 Eye horizontal diameter (cm) ; X : MR [E] R Eye interorbital distance (em); X : 7.N1=2 Body depth (em). F[E The

same below.
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Table 2 Correlation coefficients of body mass and phenotypic traits of the transgenic carp

PR Y X, X, X, X, X; X X, Xq X, Xy
Trait

Y 1 0.954** 0.919"* 0.935** 0.922** 0.771"" 0.813"" 0.566" " 0.531"" 0.906"" 0.866""
X 1 0.880" " 0.892** 0.934** 0.724** 0.855"" 0.651"" 0.573** 0.886"" 0.883""
X, 1 0.986"* 0.900"* 0.814** 0.854*" 0.640%" 0.580** 0.875** 0.772"*
X3 1 0.904"" 0.839"" 0.855"" 0.641°" 0.584"" 0.865"" 0.788""
X, 1 0.731"" 0.8%4"* 0.667"* 0.575"* 0.910"* 0.799"*
Xs 1 0.649" " 0.485"" 0.288 0.657"" 0.579" "
Xs 1 0.876** 0.738** 0.834** 0.748" "
X 1 0.612"* 0.669** 0.563""
Xy 1 0.556"* 0.501""
Xy 1 0.777**
Xl(b 1

* P<0.05; * * P<0.01. “FIA] The same below.
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(P,=0.315 #l P,=0.197).
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0.906,P,, =0. 866. Xi # fifl F& HI P HR 15 14 i i 22 ot
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Table 3 Correlation coefficients of body mass and phenotypic traits of the control carp

LN Y X X, X3 X, Xs Xs X5 Xy Xy Xy
Trait

Y 1 0.735** 0.729"* 0.757** 0.721"*" 0.558"*" 0.583"* 0.382"" 0. 049 0.780"* 0.873" "
X, 1 0.925** 0.938%* 0.930**" 0.797"* 0.767** 0.586" " 0.282 0.563** 0.675*"
X, 1 0.992°* 0.920"" 0.813"" 0.849"" 0.647"" 0.391" 0.511°" 0.616""
X3 1 0.931"" 0.832"" 0.848"" 0.657"" 0.376 " 0.548* " 0.658" "
X, 1 0.818"* 0.759"* 0.562" " 0.290 0.601"" 0.682""
X 1 0.658"* 0.469" " 0.310 0.343* 0.482* "
Xs 1 0.889 " " 0.509 " 0.478** 0.371" "
X; 1 0.411* 0.332" 0.182
Xq 1 -0.062  —0.093
X, 1 0.793**
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Table 4 Determination coefficients of the transgenic carp

LN X, X, X Xy Xs X X; Xy Xy Xyo
Trait

X, 0.172 -0.179 0.423 -0.012 0.019 0.033 -0. 098 -0. 009 0. 194 0.077
X, 0. 061 -0.277 0. 007 -0.012 -0. 020 0. 057 0. 005 -0.114 -0. 040
X, 0. 327 -0.015 0. 030 0. 046 -0.133 -0.012 0. 261 0. 095
X, 0. 000 -0. 001 -0. 001 0. 004 0. 000 -0. 007 -0. 003
Xs 0. 001 0. 002 -0. 005 0. 000 0.011 0. 004
Xe 0. 002 -0.015 -0. 001 0.021 0. 007
X, 0.033 0. 004 -0. 064 -0. 021
Xg 0. 000 -0. 005 -0.002
Xy 0.070 0. 043
X 0.011
2N A G BB B — MRS AR T A DR 8 ZR A0, X A4 DAL B ) Sy T PR () %o R 5 e A R 5 2 %0 I the table, the value on the diagonal

was the determination coefficient of body mass by single trait,

traits. I [A] The same below.

RS MEBEHFRERE

Table 5 Determination coefficients of the control carp

and the value above the diagonal was the determination coefficient of body mass by two

RN X X, X; X, Xs Xs X; Xg Xy X
Trait

X, 0. 000 0. 005 0. 008 -0.013 0. 001 0.013 -0. 004 -0. 001 0. 004 0.018
X, 0.016 0.051 -0. 075 0. 005 0. 082 -0. 025 -0. 006 0.021 0. 096
X 0. 040 -0.119 0. 008 0.128 -0. 040 -0. 009 0. 035 0. 161
Xy 0.102 -0.013 -0. 183 0. 054 0.011 -0. 061 -0. 265
Xs 0. 001 0.012 -0. 003 -0. 001 0. 003 0.014
X 0. 142 -0. 101 -0.023 0. 057 0.171
X; 0.023 0. 008 -0.016 -0.034
Xg 0. 004 0. 001 0. 007
Xy 0.025 0. 153
Xy 0.372
*6 HERSENHEXRBIIER

Table 6 Division result of correlation coefficients of the transgenic carp

(L3N MXERE  HEMEN [B1#EAEH Indirect effect

o o I T s A T A
X, 0. 954 0.415  0.541 - -0.216 0.510 -0.014 0.022 0.040 -0.118 -0.010 0.234 0.093
X, 0.919 -0.246  1.166  0.365 - 0.564 -0.014 0.025 0.040 =-0.116 -0.010 0.231 0.081
X5 0.935 0.572 0.319 0.325 -0.243 - -0.014 0.026 0.040 -0.117 -0.011 0.228 0.083
Xy 0.923 -0.015 0.855 0.304 -0.221 0.517 - 0.023 0.040 -0.121 -0.010 0.240 0.084
X5 0.770 0.031 0.660 0.220 -0.200 0.479 -0.011 - 0.031 -0.088 -0.005 0.174 0.061
Xe 0.813 0. 047 0.600 0.188 -0.210 0.490 -0.013 0.020 - -0.160 -0.013 0.220 0.079
X, 0. 561 -0. 183 0.598 0.121 -0.156 0.364 -0.010 0.015 0.041 - -0.011 0.176  0.059
Xg 0.535 -0.018 0.385 0.070 -0.143 0.336 -0.009 0.009 0.035 -0.113 - 0.147  0.053
Xy 0. 906 0. 264 0.337  0.062 -0.215 0.495 -0.014 0.020 0.039 -0.122 -0.010 - 0.082
X 0. 866 0. 105 0.450 0.055 -0.190 0.451 -0.012 0.018 0.035 -0.102 -0.009 0.205 -

[BIFEAE 7R 10 i 2 28 R P 1 22 (R oA ot i A/ T, e 2030 — B A PR A (B B4R 2 = ZEVE T The indirect effect indicated that two of the

ten phenotypic traits had an effect on body mass, the phenotypic traits in the left column played a leading role. T[] The same below.
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F2 R A WK oA S B AR 5T 1 ) 4 . At
FEAY F2 B AR R T R AT R E . R 7
AT AR JEE X X A ) BT 42V 3R K (0. 610) , Hiik
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Table 7 Division result of correlation coefficients of the control carp
LEXIN MHRRE HIEEEH [B]EZVE M Indirect effect
Trait Com%‘la‘tinn Direct JE¥i| X, X, X, X X, X, Xg X, X

coefficient effect Total
X, 0.735 0.022 0.713 - 0.118 0.188 -0.297 0.019 0.289 -0.088 -0.017 0.089 0.412
X, 0.729 0. 128 0.600 0.020 - 0.198 -0.293 0.020 0.320 -0.098 -0.024 0.081 0.376
X5 0.757 0. 200 0.556  0.021 0.127 - -0.297 0.020 0.320 -0.099 -0.023 0.087 0.401
Xy 0. 721 -0.319 1.039 0.020 0.118 0.186 - 0.020 0.286 -0.085 -0.018 0.095 0.416
X5 0.558 0.024 0.534 0.018 0.104 0.166 -0.261 - 0.248 -0.071 -0.019 0.054 0.294
Xe 0.583 0.377 0.205 0.017 0.109 0.170 -0.242 0.016 - -0.134 -0.031 0.076  0.226
X, 0. 382 -0. 151 0.533 0.013 0.083 0.131 -0.179 0.011 0.335 - -0.025 0.052 0.111
Xy 0. 049 -0. 061 0.110 0.006 0.050 0.075 -0.093 0.007 0.192 -0.062 - -0.010 -0.057
Xy 0. 780 0. 158 0. 621 0.012 0.065 0.110 -0.192 0.008 0.180 -0.050 0.004 - 0.484
X 0.873 0.610 0.263 0.015 0.079 0.132 -0.218 0.012 0.140 -0.027 0.006 0.125 -
3 W ZE(P>0.05). A UL ASGE o 2 MEAR 1) R BLAR 5 53T
I \ X
ANREHNE A A2 0 RS S 9 5 0 R/ A b SR

3.1 HEBRSHIREA PERIEATEAR T, DL AE TN, I i 52 e

AR FR RS 72 B bR AL 0 A 81 H R A A
KA A Z2 T i E 43 A1 B AN B AR 5. AR OC R 2K
SRR (B OC R M 25 BRI, & R A 46 A8 1 18] 1Y L
PR ZR A A e At AR S e g (] 322 56 & {HA
KB ANRE 22 T %5 8748 1t [B] () AH BLOC R (45 Rty
A —E W) . anSCHh R 2 F1ER 3 R, e B D fi
T B 25 PR 22 8] B AH 5 R BOR AR 40 22 5 i
F A R AR Z R DRSS R, A U
B PHER I 2R AE R R/, 250 A 3 B e —
FREE LRt bR AR 1 2 (B TRV , (5 B T R &
oA s, L2 oe Mk mNE ], A Ry =
bo+b, 2, +byxy +byxy 4o +b,x, b, B b, A
WIH R AL A SOy IR (g) 50 R BPEIR
(em) A EHEH R B AR g« em™  PRIIGE A AR &
Xof PRIR i AR FHAS g L2004 T LA, 8 A2 43 A e Ik
TSI BT S I 3 AT A 2 RE A LS I 45 H
A A AR I G & 1 H R T8 12 REOZ A SR
AR %) O [0 U9 22 25, DTS 1 A8 %8 B 22 4
AE ELHEIEA T LA, TR B 38 A% 43 B 348 B 1X 43 it PRI o &4
IR0 VR FHRN B) #2458 4 T b sz e it DRI Xt 45
SRR T

AR Bt G R AR X AR R 5 AR i (1)
HAH G ZR AR, KA 43 28 B MR R 35 38 3 A 3 K7
(P<0.01) ,{HiE AR5 HT 45 5 3¢ B, X 4 ik PR g4 J
S ) A AR R R (] RS B R K (P<
0.05) , Ho A P R X 44 5 ot 149 52 el U AS d 3 (P>
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