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BME: NTHAREEYENBEKRERMAA RPN EERR BN, IR E288 BEALE
WA ARE Yy e AT 2 4MITERE, SEEHKRE 16 MK A ANAHA,I DMK W
213 RAGR A XA BAMXAMETRAMREFEMREF£7(P<0.01), HE&H3 M4
KER(ERE AKMEHFRE)M2AMNAR>(HMEEEEMMEENSE) LEXI,3 AN
EKBERPHEOLGEAXAMBALFMBAFAALEFZF(P<0.05),1 3 MEKERM2
MUAKRAERXFZLEEEZFHTEHF(P>0.05), & T zh 4 8 A o IR # 0 5 kDU,
FadARGRE AK EHE MEALEFMHEN S EWRE I EME 27 H 0.34,0.33,
0.17.0.17 #10.20, X p 3 M EK MR EHE I FELEFAF(P<0.05), HEMHXKL2ME
T ARESHAKZMEMREF EAKR(0.82,P<0.01), BHZ G HEMEM2 PMALH &AL Z
B FAEFEMK(0.17~0.29,P<0.05), AR kN , Fa 4 AREKEREARGNES
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1.1 SKIG##

2014 4E5 H, TR N R ILK = 52584 PR F
E AR KK R Rl K VT K R B A 5 fa
PRCOR IR B, S B T 24 RRORAS (12 B
WEfD 12 M) o B ARSR IO TR S A K
PRI T 7= 22 20 m® B I /K U8 b v B HIL
RS, 2 KGO0 B T WAL (29 1 m® 78 Bk
W), &0t 2 RIESLITR KL (22 ~24 C) . Kik
TEw SR E Y s & W SR 10 TR/
AT, 5 I PR RN K R R AR e N L
Gk, 2014 4E 6 J1 4 H AL (40 H %) ia1E bt
MR L S AT R
1.2 HERE

2014 4E 9 H , BEL YK 5 288 B4, I & 1K
£ ( standard length, SL, cm ) #1 {& i & ( body
weight, BW , g) £t 4, I 1 2 8 3§ & ( condition
factor,CF,% ) , /A2y : CF = BW/SL® x 100, i
s T H AP0 i br R RO i 21) 0,002 cm) Fl A,
TRFCHE# 5] 0.01 g) 5 BOF AL IR PR
T LR o A 5 I 5 IR B LR A7 T JE K & I
E, T4 CHRAE

TS AR B 288 2 £ 1 AR LA, f8F LI
ERE MR R %00 W e HER S &
( protein content, PC,% ) #1 ¥ fig i & & ( fat
content,FC, % ) """, 41 56 T4F th 7 & BHh5 1L T 43
A Ao 0 A PR 2 W) 52 o
1.3 EMFEHDNAREKRETFEE

X ISR I fa B S5 A 20 T el RO R
2 SREUCHE R 2 DNA IR 1% BB I o
VK AG I 5¢ % 14 , 45 NanoDrop 2000 48 4h 735t 56 2
1+ (Thermo , 78 [ ) £ M 26 B2 F1 9%k J2, JF # B =
50 ng/pL, F -20 CkAIR-AF .

WS R EE T 12 X3 TR FRIC i 5% 7 5
SEFEAR T TS 1 A B T AR AN 1A
HITRREE, TR TEESL R, £ SPSS
16. 0 FRAE"" X 4% 5 3 S SSREAR B 345 19 7 A%
MREAT R IT RS
1.4 @EESHMT

AR R LA B2 B KA A B R T
Excel # 3 5% A, 7E SPSS 16. 0 %4 1 58 i %

Bt AR gt SOE S A K g, IR A A A
TEAS 3 AT B AT B S8 X5 8 (Ln) §% 4 J5 15 3
FTHL R R Jr 22531 (One-Way ANOVA)

FIF ASReml 3. 0 4 5L 3% 7 22 4143 1
oy Fas AL O S S E Al S 8l TR T s
FEAY ((animal model ) 3 >R H FR il P & KL 4R ik
(restricted maximum likelihood, REML ) i% {1t 18
B BUE R

Y,=pu+a; +m; +e,;

A, Y R PE RO E, e D BARYIE, a, AR
TR, m R B RN e N BERLER 22 . 455 b
SR H K 58 (likelihood ratio test, LRT) ) £ 4 %4 1
SR

WAL T3 (h) R SR RAR K (rg,p) S5 815
SRR A

n=0,/ a'p2 =0,/ (¢, + o,”+ 0,0)

Torp o) =Ty’ (Ominy XOg/p(y))

X, o,” Rk 22415y ,0,” R 224157,
o, AR A 0 RIREMIY s 1oy N
X FY AR B B 5t 4 RBIA O, 0 6p () A X F
Y PECIR B AR R B T Z W, o6 F
Tasp iy TN X ALY PEAR Y3845 AL Ty 22 4H 51
bR E 22

M4 ASReml 3.0 %5 Al 420 T 1518 14 2 50
Fbr DR B(E, X B S8 E AT ke
B AN R 3 KO (0. 05 FiO.01)
It (S8 R (RUR) ™

wiAe 1 tHIHE A

t=h’/S,(df=n-1)

X, S, KL Jr (k) BOBREDE  n PR S5 Y
HE

WAL R C ¢ HITH R A

t=rg,/S.(df=n-2)

K, S, Al RBHM K (rg,p) BIARHER , 1 R
ot AU B

2 4

2.1 HAMRHRETFEELER

MR PELE F W, S AU 17 3 B A
B AR S AR, I3 0 N 44.9% 1 39. 3% , 15 W
RPN R 22 57t 5 HAR IR 1972 5 R 4L
T 8.3%~14.9% (K 1) o &5 BEfE 6 (H
AIE 25 56, X fi 5 1E 25 20 Al 19 B4l 48 Ln 5% 46t
Ja T Ia8idi 250 o
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Tab.1 Descriptive statistics for growth traits and flesh components in C. idella

PEAR BfE o o 2 it & W AR S R %

trait mean SD skewness kurtosis CV
ki E/g BW 12.56 5. 64 0.98 1.71 44.9
A& /cm SL 8.32 1. 11 0. 46 0.49 13.3
A5 /% CF 2.05 0.17 0. 46 0.23 8.3
MEHAS /% PC 15. 41 2.29 0.22 -0.34 14.9
FHE T & H/% FC 1.73 0. 68 1.33 0.67 39.3

SR T ME 288 BT A 273 R ARTT ik
B RASAE B, M R 94.8% o 5 R R,
273 BTk A 8 REFAR 9 BACA, il 16 4>

EFMER BERXRZTRENTT~5 B(£2).
B KA REAR TN ACA X B AR R T R 5 4 A
FER AR 257+ (P <0.01) o

R2 HEFRTEEER

Tab.2 The results of parentage assignment in C. idella (individual) /B

B4 01 B A 02 B4 03 B 04 B A 05 B4 06 B A 07 B A 08 Bt

Dam 01 Dam 02 Dam 03 Dam 04 Dam 05 Dam 06 Dam 07 Dam 08 total
A2 A 01 Sire 01 29 29
A2 A 02 Sire 02 26 17 60
A7 03 Sire 03 22 17 39
AL A 04 Sire 04 55 12 67
A 05 Sire 05 14 14
AL A 06 Sire 06 14 14
XA 07 Sire 07 7 7 7 21
AL A 08 Sire 08 8 8
LA 09 Sire 09 7 14 21
H 3} Total 62 26 21 48 46 39 14 273

AR A PR LR R T 25 e A A R R MR
R A A8 528 RBE 2 (6] 77 A6 ) 38 22 57 (P <
0.01) , FEACA 8] 22 5 AN .35 (P >0.05) 5 HE 2 71
R H & B AR R R MEEA W) A7 4 235 22 57 (P <
0.05) , FEACAS [A] 22 57 AN i 3 (P > 0. 05) , HLIR Wi &
WIER AR BEARMACAR 27 A L% (P >0.05)
2.2 ERMEARFALA RS EESH T

g4 bk BN Z 5 22 20 B R ALAR l:l:h?:A
(LRT) ,BRHLAR NG & i 4 (P >0.05) , 7E H A 4
‘@%E’\Jﬁﬁéﬂﬁﬁj\*ﬁEPXU‘??’?EE%‘@B‘JE‘@&&m
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HEATH) 43 (P <0.05) , F %F & Motk ok 47 38 4% T4
Tho SRR, AR BT FR K 9 3548 ) KT 38
(h*=0.30), 4> %% (0.34 +0.15) F1(0.33 =

0.13) 5 JIE W B2 VHLER & MUHLAR U5 & 5 A9 )& o
S A 1 K OF (0,15 < h* < 0.30), 43 B K

(0.17 £0.09) ,(0.17 +0.14) F1(0.20 =0.12) ,
FARS T 25 VbR A 388 A% 7 A THE A IR BOR . 1 A
B R, 3 AMER MR (BW SL FIl CF) B35 % 71
KK (P <0.05),2 A LA LA (PC A
FC) 138 1% J1 R K F) B F K- (P >0.05) (£ 3) .



12 4 AT, 4 A gl i R PR UL A O3 1 g A S R 1783

RI3 HEARKMKMIARSHAZEAMMHITER

Tab.3 Variance components of growth traits and flesh components in C. idella

Ty 22 BT 22 B 2% FHJ7 % bugpl]
additive variance maternal variance residual variance phenotypic variance heritability
E‘“’?? 5 45 0.39 4.37 7.21 0.34 £0. 15"
?ift 157 0.25 2.91 4.73 0.33+0.13°
fi?ﬁ‘ﬁ{ 018 0.03 0.82 1.02 0.17 £0.09 "
ﬁﬁﬂg% 0. 41 0.07 1.94 2.42 0.17 0. 14
ML 2 it 0.54 — 2.17 2.71 0.20 £0. 12

T R A E IS B (P <0.05) Fldl & K7 (P <0.01) . T

Notes: * and **

X A 25 PR ] Y g A A A RAR S BE AT )
Mro S5ALT /R PR o A (8] 1Y 5 1 70 2 BY AR
K (0. 82 ~0.96,P <0.01) 5 ML BE 5 1A i 4
[F] 38 % 1 ¢ 7R AR 5G4 1K (0. 26 ~0.29,P <0.01) 5
HE 6 B2 5 1A I 0] 388 % 3 A O B IK (0. 06 ~
0.08,P>0.05), 3 ™A KPR (BW SL fil CF)
52 AN LA L (PC A FC) [a] 1 38t 14 11 26 8 K 56

means estimate is significant at 0. 05 and 0. 01 level,respectively. The same below

A% (0.00 ~0.29) o oo 5 2 A HLIA AL
r (PC 1 FC) [6] A Jo 42t 55 4L 5 3% 2 (FC) [A] itk
&R 7 A 56 35 3% K P (0,15 ~ 0.29, P <
0.05) . 2 LA s (PC Al FC) fil it £ 1 3% A
FI43 51 0.12 (P >0.05) 1 0. 15 (P <0.01)
(%4).

R4 HEARMRKAIARSHREEX(L=A)MEEEX(T=/)

Tab.4 Phenotypic correlations ( above diagonal) and genetic correlations ( below diagonal)

among growth traits and flesh components in C. idella

PEAR trait i BW & SL JIL Wl B CF HLE A &t PC HLIR DT & 7 FC
i BW 0.96 +0.08 " 0.29 £0.06 ** 0.05 £0. 05 0.17 £0.08 "
kK SL 0.82£0.15"" 0.06 £0. 05 0. 00 £0. 06 0.10 +0.07
JIE 5 & CF 0.26 +0.06 0.08 +0.07 0.15£0.05*" 0.26 +0.06 "
MEH & PC 0.05 +0.08 0.00 =0. 09 0.17 £0.08 " 0.15 +0.05""
HLAR W &% i FC 0.18 £0.07 " 0.11 +0.07 0.29 £0.06 ** 0.12 +0.07

3 1B

EN /RN S T WERY IS AP ORITE (S Bl
P ot , 3l G 58 AR A Sl v B 7 3R B, AT LR AR SR 58 B
SRR 22 A M T g SR R e . 1t
G BT ST R LR S A AR TR R A TE W
S, V8 B A AN I LA A 5 S B O AR
BR300 5 R & R RE RO S8 R B BB
PRI, 7 e 0 308 R N 2 1 2 E R W E R
FERLI 2R T8 50 2, il 3 B 2 1 B P A KR A A
B, A M T A2 BT S0 B E

B S0N N Dy 2 3 T AR S v 1 B B

WAL Y L AR R B g a3 A A K
RS HLE 1 A7 TE S IO BRI RN, W T
P20 T A A 4, 4 SO 38 AL 0 A 0 O
5 E AR % B9 & BT Bt (Hucho taimen)
Qi A KPR AT TE S R A A B 5 SR A L5
55 Fu 4070 78 40 HB A 2 kB P T R B
FRPERON A B BT 45 R — B0, 437 th 35X
Fih 56 ST RE A7 7E LR JLFR R - — )7 17, A BT 58 R
F A R0 7 XS R A SRR A, TR T
2R RN A 10 ) 855 32, T i 2 84 3 3 7
ST 53— Jp T, ARG Fu 2810 T BRIT K &
SEARRER AT EA B B KITK R, #1E4
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H AR 2 ol g S AR g R A A T
BEAN AR B Fu 251 BB ST R R BE RS T i X
T A PR AR A 52 e A R A K BRIk, R R
W22 Ty T R 2R A, B R R R E B R
HEAAE BRI B, R ol 20 X 33 4% DFAG A 5200

AP R g 3 AR AR (BW SL Al
CF) i35t 4% Sl iHE A T 0. 17 ~0. 34 Z i, i
LA RMERESANBERAGRSNETEE ),
WRE R RIF Bt fe o R, DFRgs R 55 M
40 FET RN 2 W0 B AR A PR A 45 0 A A
FIAE A5 AR BL L fth 88 B £ 2%, 5 60 AR
( Carassius auratus gibelio) ™ 25 H= K PR 1) 8 f%
J1 A& A A8 3k, T RS AR T 8% ( Hypophthalmichthys
Al ko
amblycephala) "' H KPR AR B 3845 1A, 3 AR
WAL AR AE 25 S i R A AR 22, S 5 MR 3R
IR MM R A BRSO BT B A TR 3R
A0S B M 800 1 7 53, BIF 5 PR Y Bl A
1 REML iz 5 00 0 fE 58 70 A R 3515 B, 16
F 5% B2 2% (9 AP R0 AT A R L AR
X 5t 4% Z RO TH G U IR 22 o 48 T AR A R
— AR BBl , Bk 2 SR AR ) B 382 4% OC R 8, WT g
AUDORE VO NATUR] iR B S Sl e 9 Y =
B ST o A 0 BN D T8 AR, i — 2P 4R
AL SR T HER M

B 5T K B 5t %) £ JLIA R 4> (PC AT FC)
SR AR O, U W R £ 1R AR 1 RO D
XA R, BA JE— s s B Ay .
AW 5T R R 1 R AL AN E R T AR AR
2t U4 ot o [ B 6 0 ( Fenneropenaeus chinensis) i
T R R R R B Al (R R ORI D S
WL 34 1 T Navarro % %t 4 3k B9 ( Sparus
auratus ) JJLPA RE 5 &% 193845 T3 A8 {H 1% T Powell
s St K PGV #d: ( Salmo salar) F1 Whatmore
St i FR B ( Seriola lalandi) 1)t R g 7 5 it
A% Al fE . 455 2 FULIA AL O3 1Y 722 53 22 B0
Ty 2557 A A R, HE I R A0 R 2R A R 0 R st
A5 R H K A 8] 3t L 22 S, LR D7 & B Y
P)[IREcR Ui Rt e ol € I 7 N 151 B i L = O 173 1
A AR oA B AN ] H A5 ROR T A [ B 38
WG o e A, L PR B3 A I AL 15 25 AN R A
I ARG g T A5 SE B A e TR A
] RE R 3 3 L Al B T R R D R
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molitrix )" ( Megalobrama

I, A S e Mo b A S N 2 55 A i DA
P A% SR 0 HE R

A TS BB 0 4y £ AR A A K ) 77 LE B
B B R A O, A5 1 R ) AR K B
FIH At g8 2 o (g F 5 40 S — 3, B T LA
A e — AR ST B 53— MR ) ) e R .
FEF 2 AR K IR 0 0 SRR I R
74T RS A R X A R ) S R A KA
B IR A o AR L bR ] A
JE 55 A A 2 S WL IR AR T A A I 35 1) I AH 56
F AL M ek F 5 Navarro 25 75 4 3k i vh
A BIF 2 45 S REARh o 000 i 25 6 T A bR 0 0 7
WA T, 2 P B 7T R ORE (A NE S T ORI Y A
IRV R FEE (9 b b 5 5 ) o £ PR 3 L ED
G T B 00 LR A (. N, 7E R LR
WA WA ER & 5 AT 5 il 2R G
P4 B, I MR IS KL B A, LA b vk
6 3k 5 e G bR A SR 9 T AR R

Rt T EEE S35 G DR FAEK
P T P RAE R B,
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Genetic parameter estimates of growth traits and flesh components

in juvenile grass carp ( Ctenopharyngodon idella)

FU Jianjun'?, ZHANG Meng', SHEN Yubang', XU Xiaoyan', SUN Junlong', LI Jiale'"
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,Ministry of Education ,Shanghai Ocean
University ,Shanghai 201306, China
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization ,

Minisiry of Agriculture , Freshwater Fisheries Research Center,Chinese Academy of Fishery Sciences,Wuxi 214081, China)

Abstract; Aimed to access the genetic effect on growth traits and flesh components in juvenile grass carp
( Ctenopharyngodon idella) . Total of 288 juvenile grass carp at four months of age were random collected
from artificial breeding program, and 273 of them were unambiguously assigned to sixteen full-sib families
( from eight dams and nine sires) using twelve microsatellites. The contributions to the offspring by different
families ( full-sib and half-sib families) were showed with significant non-uniform distribution (P <0.01).
Three growth traits ( body weight,standard length,and condition factor) and two flesh components ( protein
and fat contents) of fish were detected in our study. The significant differences of three growth traits and
protein content were detected among full-sib families and dam half-sib families ( P < 0.05) , whereas, no
significant differences of five traits were detected among sire half-sib families ( P > 0.05). The genetic
parameters for these traits of juvenile grass carp were estimated using restricted maximum likelihood
(REML) algorithm based on animal model. The heritability estimates for growth traits were 0. 34 for body
weight,0. 33 for standard length, and 0. 17 for condition factor, which were all significantly different from
zero (P <0.05). Whereas, the heritability estimates for flesh components were 0. 17 for protein content, and
0. 20 for fat content, but not significantly from zero ( P > 0.05). Highly positive genetic correlation was
found between standard length and body weight (0. 82,P <0.01). Meanwhile, significantly positive genetic
correlations were showed between condition factor to other traits studied except standard length (0.17 -
0.29,P < 0.05). Therefore, selection for increased standard length of C. idella is expected to produce
favorable improvement in body weight, but it may lead to unfavorable changes in condition factor and fat
content. This should be taken into account in practical breeding programs of C. idella.
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