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frwd’, LN

WE: XATHERRIT T ERMAIERBEEAR, & NEERE3 MER BET I8 AR R EH
MERZMSMAANFRL2EARR R, 2 MNETHENHFREKE S A 60 A2 F MK K&K
B Ak KK . AHFK LHFRE LSMFg F- BT Ea ST FamE By TR
INEKBER VAR EREFRE, XA T 2B T 20NN T E G875 AR LA EX
HAEKMEROZEDREERONZEAXRKAMEL, FREW,FIHAR R F M4 N A
KREMITNEZE A RN ESTEEKBEREEINTREITE. £F KR E . 2K KK,
SMEK CKMEE KM $- BT e S ETEEME TR LN
H{E 4 B 4 0.460.0.392.0.303.0.234.0.251 .0.330.0.282 .0.321 £ 0.356, & F & & % %
NEE ErAHRENAETMNES, RTRAFARRER T 240 REE T £ 45
it EERE N REHRRERAEALARA, S NERBD XA BTN EMX, X PRk
KA 0.750~0.976 , kT E—2 KWFHEMA N &R K(0.976) , 2 Kk—F =BT HEEHN
i A K & N (0.750) , K AL AR x5 0.507 ~0.947 Kl —4 K & K(0.947) , & —
BHEm—kMP e A&/ 0.507), & ¢4, & MR E & A X KRB AKX K E R
PEKXKF ZFAUNCE-NEKBERISH AT H T T LA RAANERSTEKENR

R o

KEW: LN EMT; A KMER; 0, mEAL; RBEHEX

hESESE: Q178.1; S917.4

JLYN I X HF ( Litopenaeus vannamei) , W FR Fg
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R AR SR BE /AN, DR R R AT B9F 5 AT AR 1 R 3
A7 eI e 1 2 S U e, A B A O R AR SO o T
i PEAR 18] 2 RUAH DG YIS, AT LA BA 1 2 ik P AR 1]
MISC A AR T E & B Z VAR R T7 58, kT
TESE B 7 i A o HE R — 2 AN B0 R e A /N 1
PR, LS B H ARk i fe s PRk e

20 20K e £ & A 2 4T U N K 7 3l
PIER b R B e a2 R I A
SFART SR AR ST D o H TR 5 1L S L
A T A B ARGE T LR g 4 R B A
[F] A B AR BOR A A i g3t 5 ik 22 5 80Kk, O B
A PAEDBOPE R AR o S AR A 38 % 2 B A
b AN RESE T T 0) R J % i R A 3 2 2 A A
JLZH 3 X B 388 15 i R A 28 WG, 32 4 A [ Y
RWZAHERMERB S B IRE . BT ENIL
N B 7 B MRS ) 22 A8 B T BT AR
KAFPERE H i IR AR 45 BUR , 2 T FL4H I X BF g B¢
BHVE RE B 2R M 2 e, S 56 SR TR o i Ok ke
O A A KRR e 2 2 Bk AT Al T, BT N
A7 LGS MR 7 B R bk S 4R A
TR SRR I MRS

LR Tk

1.1 LW

L BT I 2R AR T 2008 4R R H TR R AR
A WA BR2S W) R 7 97 A FLAA S SRR IR R
S SIS BTy ik g Al B E 48 L AR AR
R PERR KA R A MEE AR 18 R i i N T 4%
K7 355 R MR 55 3 6 T BB A it B M BT 52
e, Ly 18 PR AR K 54 e K AR .
1.2 #HEEEE RRid

B BIL Pk HB 5 4 (] M 5 2 0 At B0 D61 4 1

1 500 79 ) 7 A B AT 3 U T /K 18 200 L 3R & M
Wb E BN RX RO ITEE B AN, KR
FEHIAE 20 CHAT o MRIEXTEFA R & F B B, 38
I ORE SR N TR A A b R A R 4
PRL BER K, 78, 45 % &R Z ] 7™ 4 b TR
o TEAFEF 10 d J5 , WD K AR P REHLIK 300 2
GREER R 3 m' EAR NS, KR
AKGBORE, H B LA RS HRAR K GE 3 em i 7E B A
KA EE 6 J7 15 4 T8 5t A [\ 20 & 19 2 6 b
I8, AR K £ o WD KRR A
HRBEHLZEHE 60 FE XS HR A A 1 AN K8 - o AT
A
1.3 ARKERKBNE

TE LA TR HF & K R AR K H i 120 d i,
D55 i 1 18 2 [A] i (54 A 2[R i) K & g XT
WA BT & (BW) &2 K (TL) R K (BL) 3k g H
K (CL) kMg H 98 (CW) kg iR (CD) V55—
JE 5 =5 (FASD) 25 =i 15 % = (TASD) 4 —
1 7 98 (FASW) 2L 9 AN KMok 260 &
3240,
1.4 HHHHAE

HIFH SPSS #A4F f 58 — L VA Y ( general line
model, GLM ) #EA47 Az | P AR E A 19 T 22 I Wy Oy 2%
ST AR AT RS 3 B ET X TR S 8GR T IR Sk
¥ 5 ( Kolmogorov. Smirnov), [N & R& 7+ 4H
F9 77 22 3 B K Wb 5 22 0 B i 80 1 B oy

Xy =p+s, +d; +ey

P X, FRHE— MRS kSR E KA AT 1
R R IIE s, TR | DHEMERON , d RS i
ANEREE N BOER S AR B M SO0 e AR R B AL
BR2E . 4 [ i BEORE R B AR S 1Y Uy 2 2H I X R AL AR
AP Z AL R 1 R 2,

®1 RELTEARMWAEDH

Tab.1 Analysis of variance for phenotypic variation

72 5 R

source of variance

H 1

degree of freedom

sum of squares

JifE 5 7] sires S-1
TE % N M S ) dams/sires S(D-1)
T4t offspring SD(n-1)
S total SDn -1

SSps)

-5 Al ¥Jr LI EEobin
mean square expected mean square
MS; o’ +nop, +nDo
MS, 5 o’ +no’
MS a’

TS R MV AR, D Ay B M PR AR BT C MM SR AR, 0 B SRR R IR, of AR T 22,05 FRER 2R %,

o Ay Azl M A AR 2 I 7 22

Notes: S is the numbers of sires; D is the number of dams;n is the number of progenies of every dam;a—é is the variance for sires half-sibs,(rf) is

the variance for the dams full-sibs, o is the variance for the full-sibs.
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x2 RETEHHBOMATESH
Tab.2 Analysis of covariance for phenotypic variation

i B

degree of freedom mean product

255K

source of variance

SRR
sum of cross product

R

expected mean product

M5 (] sires S-1 CPy MP cov(x,y) +ncov, (x,y) +nDcovg(x,y)
Tt 55 P9 M 5 (] dams/sires S(D-1) CPps) MP,, cov(x,y) +ncov, (x,y)

T4t offspring SD(n-1) CP MP cov(x,y)\

S5 total SDn -1 CP,

TE S N HEVESRAKL, D 4 — Ml P 25 A T FC M P R A, m o 4 — MR SR A 1 S5 AR B, covg (o, y) D A0 28 R 18] B8 J5 28, covy, (1, y)
ok FR AR I 22, cov (x,v) o 5 4 [l g A AR 18] B 5 2
Notes: S is the numbers of sires; D is the number of dams;n is the number of progenies of every dam;cov,(x,y)is the covariance for sires half-

sibs;covg (x,y)is the covariance for the dams’ full-sibs;cov(x,y)is the covariance for the full-sibs.

1.5 BEESHGIT
AR 4[] L GRHE — R R G0 4y 22 0 i
W7 2253 e nl LR SR BILAE 3 At A% Attt
(I B AR AR S A T -
2 40'i- 2
hs = 2 2 z’hD =
o, to, to

2
4o,

2 2 27
o +to, +o0
2 2
2(o5 + 0,)
S+D 5

2 2
o +to, +o0

COVs(x,y) C()Vz)(x,y)
rS = — . =

s'D ’
05 * 0y Op, " Op,

covg(x,y) + cov,(x,y)

NCETAICRETS
o hG by Kb oAy IR R R LR, B R 4
[Fi) e S 4 [m] A AR RIS T 13845 Ty 5y v g p 0
T R A FR 2 R ML, B 2R 4 (R M A R 4 [ A A )
FETF BB AL ARG o S50 R A — A A TR

Tsip =

[ 3 A5 A O, R AT o G 6 X g A% 7 S 4% T AH 56 A&
BOHEAT WE RS o VAR ) SR B AR S 358 28 X

rp =

g, *Op

N

2 45

2.1 5 ARAMRIMIREEKIERORB S

3 240 J& LAY 35 6 IF 45 A 78 K MR B 109
BYHEE R A3, k3 WA S A LY
WX O iR KW B, 9 A R B R B Bk
13.481% ~33.722% , FWHFE R[] & IR 22 B
B, MEAT FLAN S5 T AR 10 3 £ T R LA
B Jr. JOR A = T R R B K
(33.722% ) , R WIFER 7 10145 = I8 5 15 5 7715 71
S 5T 4 e B A R RN (13.481% ) %
W15 2 1] 4 e 19708 5 R /1

3 AARMES ARSHERNEHEREERTRAL(n=3240)
Tab.3 Means,standard deviations and coefficients of variation( CV ) for various traits of
L. vannamei 5 months old(n =3 240)

. o Sk g Sk g 3k Ky 5—IE SNE oI
FEAR KRR 4k T ke o e o e e e
T, Gl Gl =1 b
trait BW TL BL - = H R oo
CL cw cD FASD TASD FASW
SEHIH mean 13,108 11.945 10. 048 2.896 1.473 1.578 1.35 1.379 1.316
b2 SD 3.586 1.61 1.417 0.598 0.202 0.219 0.264 0.465 0.249
AERER CV  27.358 13.481 1,103 20.663 13.758 13.937 19. 606 33.722 18.934

2.2 5 BB ALAEIE 9 M ERKERBMERESD
it

5 JUIR LA FEXS IR O A LR Ty 2253 By 201
P 3 AR ) Tl DAy P S AR i) g R R L 4 K LI
Ko Sk B K Sk B R SE Sk Mg T LA — I A
E LRSI RN — S S 9 MR F
W e B3 25 57 (P <0.01) , 7T DAk 47 3

ey fbit o w17 22 0 M i 4 R AU B8 T 1 7 7%
SR R, AT LA ST A T R > [ B O 22 A
T2 AN B DR 7 25 21 0 B9 0T W 5% 2R, HG v E P 0
AR T7 =R T MM RA N T7 2 . RIGTTR LR
[ i A 2 2[R M 4 () A A ) 4 35 1% 7 22 41
Gror AL T S H e FLAN S B R R A R
KR M A Sk i TR SE L Sk g R e SR — IR T
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5 RN, 45 LGN X 0F AR R 8 A% 2 0 it ot 675

1 YR A — Y R S s AL Ty T
iR UL A 40 9 ATER B 3 AL 7 Al RS0
0.460 ~0.518.,0.392 ~0.414 0. 303 ~ 0. 409,
0.234 ~0.315,0. 251 ~ 0. 354 0. 330 ~ 0. 398
0.282 ~0.412.,0. 321 ~0.420 1 0. 356 ~0.429,

VAR 8 A% D0 Ak T R 2R A 1 7 1 4 5
S BER A EML > 4 A AN A R > A0 &R TR B,
WA 25 7 26 AL A3 Ak T 0 & MR s A% ) b 35 P R 5
(1 test) Z5 IR ) i 3 K F- (P <0.05) S i) 5 3
JKF-(P<0.01),

R4 SARAMEMBEERERECAZASGITEED

Tab.4 Heritability of growth traits in L. vannamei 5 months old

AL A Ok

WAL S 4k 45 5L result of estimation

estimation methods of /> BW TL

BL CL Ccw CD FASD TASD FASW

fifE P 2 43 it it sire component estimation 0.460* 0.392°
e P 4H 43 ffi i+ dam component estimation 0.518™ 0.414*
P20 53 + M1 4 53 Al it

sire and dam component estimation

0.489"" 0.403 ™

0.303" 0.234" 0.251" 0.330"
0.409* 0.315" 0.354"" 0.398"

0.356" 0.275™ 0.303" 0.364"

0.282° 0.321" 0.356"
0.412*" 0.420" 0.429"

0.347* 0.371™ 0.393""

T+ RARERLF(P<0.05), #x KREFWMEF(P<0.01),

Notes: * indicates significant difference( P <0.05) , % represent extremely significant difference( P <0.01).

2.3 5 BfAFLAEITER 9 A 4 < 154k 18] i3 % 18
XAt

5 H B LA FEX IR AR R R R R
SR NI LRSS UL NEIN PRy A E N AN i 4
RENEREANC TRl e N R G RN RN =3
B e 2 A 1] LR I P O 23 A 18] 9 A i
AR AR A 22 (6] 1) F R 36 24 A7 A 3 P 2
5 (P <0.01) o HRHEHIIT 2250 45 28 5 10 B 3
F189 2EL JSUR R, AT A S el 4 () B % [ M P Oy 22
it 2 A IR B 7 22 21 0 B 0 B K &R o e
PESRA B BT 22 R THEMSEA R R 22 0 R
F 21 [ i 3 A o ) ) S DA By 22 AL 0y e R T Ty
J7 2250 G T S H i FLA I 08 IR IR Bl B — 4 ik
PR — A AR B — 3 P A B — 3k
S L PR R — Sk g Y R R — T
R S R R R
v ERK—RRK 2Rk K 2Kk

e ER—RWE A e R

R—H=EWHES aR—F - EE ARKk—
S M HRC AR — 3k I B SE L AR — Sk i g L A
K=\ HE&S AR—FE = Em A K—
S — BT T Sk M PR — Sk B S Sk i R R —
Sk B iR Sk B R — S — R Sk R —
S =T HE Sk M R — 5 — R 5 LSk i
S B R Sk B PR SE— 58— BT R R Sk i
Yo 20 =T kY2 — I 5
i R — 26— MW LK M R =R
ik M R T IR
SEE R R AR TR =
HE T e 5 — Y S [A] Y 3 AL A G S R AN
K EERIAS . RS LS H W LA BEXTER 9
A AR AL B 36 IR R 1 3k 1% A 6
£0.750 ~ 0. 976, Horp 55 = 5 H i —5 —
T LY AR SC B/ (0.750) , B R — KR

T
I

AL

()

RS SAKRAMEMFEREREMEEHEIRREEX

Tab.5 Genetics and phenotypic correlation of growth traits in L. vannamei 5 months old

PR trait BW TL BL CL CwW CD FASD TASD FASW
BW 0.976 ™" 0.938 " 0.901 " 0.912* 0.899 ** 0.892*" 0.818" 0.870""
TL 0.947 0.955* 0.903 " 0.856"" 0.805 " 0.778 " 0.750*" 0.777*"
BL 0.912* 0.939 " 0.913 ™" 0.877"" 0.853* 0.790" 0.755* 0.809 ™"
CL 0.886 " 0.897 " 0.907 ** 0.901 ** 0.888 " 0.801 0.784 " 0.817
Ccw 0.891 0.789 " 0.801 ** 0.843 ™ 0.853 " 0.781" 0.751* 0.832"
CD 0.829 " 0.761"" 0.799 ** 0.837"" 0.774"" 0.773"° 0.763 " 0.776 ™"

FASD 0.805" 0.687 " 0.701 " 0.642"" 0.603 " 0.507 ** 0.812* 0.809 ™"
TASD 0.783*" 0.645"" 0.699 ** 0.599 " 0.597*" 0.509 ** 0.765"" 0.847"
FASW 0.751*" 0.678 " 0.731*" 0.607 ™" 0.639 " 0.543 " 0.749 " 0.755*"

TE XML By R G Al 6, T 5 IR AM G, o R ML (P <0.01)

Notes : Above the diagonal line is the genetic correlation,below it is the phenotypic correlation; ## indicates very significant difference( P <0.01).
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IR G iR K (0.976) 5 RAUASKAE 0.507 ~
0.947 , e rb 3k Jig Y — 50 — I 19 7 i 2 2 AH 5K i
/N(0. 507 ), 4 K—1k BT &R 3% AL A R B R
(0.947) o 28 t K, A VIR ] 388 72 4 56 AR U AR
K FI L FE K- (P <0.01) .

3 ihg

3.1 AEXIRERERESE A FHITENEE

Xt 5 H W FLAN X R A R R e R Sk
g F Sk B R S Sk B R e R I R
HE T o AR — BT T B 9 AR R R Bk Sk
& I A TAN T, 45 R e A MR 8t 4% T Ak (B A 3
FE 43 S £ 0. 460 ~ 0. 518 .0. 392 ~0.414 0. 303 ~
0.409 0. 234 ~ 0. 315.0. 251 ~ 0.354 0. 330 ~
0.398.0.282 ~0.412.0.321 ~0.420 il 0. 356 ~
0.429,% r k%, 5t 1% ) fl i E 8 R 3 3 (P <
0.05) 5l i3 (P <0.01) /K, 525 i 15 1 3t
& TG A R, ARE FR 4 () i 7 22 2410 43 A T 1Y 3t
& I f i, A TR A A TR TR =2, A8 3 2 [ i e
K, X 5 20T B REMNF G, RUGFHER
5of PR B RSOV, T RE S B AN T R BRBE ROV M b
VL3RR A 27 A A P 3t B ) 45 SR, 08 TR 6 B A A &R
e [ L 2EL 1 AR O A 1 A 38 A T 45 Sy v R T

TE L 94 ¥ 6 AR 1Y 3k #5 / Fh v, Fjialestaad
25 USSP LA T X SR AR IR AR 5 R 1 345 g A T
{li>4 0.42 ~0.50, Andriantahina Z£""' %} 5 H # fL
2 o R I R T R 35 A A TH(E S 0. 515, X ik
W98 T 15 45 SR 5 A 0F 7 Al 1 10 38 1% 1 K/
(0.460 ~0.518) $3r , & W 35t 1% P 32 % L 44 ¥
WS AR B A BT o X — MR Y B2 B K. 1 De
Donato 45" it Jit 4 (1) 3% 15 1 4l {8 0 0. 65,
Agrue 25 Al A5 B B9 FL 48 X AF A KPR B9
WAL S, o [ s £ ) O 0. 84, B
f£ 434 1.0, Perez-Rostro 222" Fi| F 43 4~4> ]
MR R Gk % 19 .23 .29 J& S ML 40 52 X 0 42
KRB S DL SR — R Y TE Bt % ) ok
KRBGEAT TG, 8 Z I E R E 2 0. 15 ~
0.35, 51 A5 [ 52 50 )5, 8 4% I 09 £k 117 B o
0.14 ~0.23, Gitterle %" X 47 v 4k 75 M 35 58 K
AR TR FE AT A A RS R R 5 R AR T Y
WAL S TTHE R 0. 17 ~0. 24, 3% LA 5 43 1 (1 JL
YT IR AR 43 ) A A A [R) sk T A IR, 5 S
FIrH S H % FLANEEXT IR A [R] 1 H L 44 i X)W i 4

F14) 5 B BB AN [ DT 552 M P HR 1) 2 BB 3 B 1 A
THEL 22 5, 38 P RE R KA 43 A ik i T 1A [ 1 458
TS B SR T T 15, B DA 52 30 45 SR A7 AE
—EMZESE . WL TR E RIRZ 4
FERER I 8L 35 350, AL 25 M 4L, DL B Ah B 38 5%
TOLEE . 8L S B0 ] 5 5 A5 32 2R B0 Bk
F o AL T T vk o SR A ] BE B O i
HEZALFME 2R R FR XS i LY X F
AR AR 35t % 1 AT T AT AR RO,
I3 BT A SRR WIS PR s AL T Al T HE R T b gt 4%
T3, B W R RO 0 R LGN I 0 IR ER 23 A MR
BATEZER, AT LRI P as 15 F
3.2 S ARAMEINIRERKERBAIEEHEX
RFREMEX

SIS TR A FL AU R R A5 A AR R ) AT
A 1o 3815 AF G Je R ARUAH G, b 2 R — R i &=
FR 38 1% AH DG B K (0..976) , 45 = 857 8 M — 5 —
JIE 45 T 352 4% AH G B /N (0. 750) , K BT i — 4
KRB i K (0. 947) 5 — R 1 1 m—k
iy R v B AH DG B /> (0507 ) o g 9 352 4% AH SC 136
HPY 7 o] 3 2 A A PR B 2 PRI X R I B, B
XL R JE 2R o PR ] 35 A R O 52 IR B A%
A R K 8 B 014 DR IS i . T B AR A A
BT 6 AW KEEE(Scophthalmus maximus ) K |
A A VAR BT A IR 8] R 35t % AH DG K R B AH
X, HILE 4 S 7 0. 888 ~ 0. 985 f1 0. 864 ~
0.957, F K & &™) %t K 4t Wi ( Crassostrea
gigas) HIAA ] Az K IR 5 8 e K Y 3845 AR O
FIRBUA AT T 530, 45 & B 34 1 35t 4% A
FZREH 0.091 ~0.820, FRIAH LI K 0. 224
~0.360, X I AIF 5 i & Al T 1w R T S 6 X
UG Xof R R ] 352 4% A1 5 B2 3R B AR S Ak T8,
T #5382 0 A, W] BE 2 il T BT e ) b
ANTE] T 3 B85 A R AR T) Al 36 (9 2% 5. Perez-
Rostro 46 fiff 5 % B b 117 JL44 35 6 0 A K il 4
Jo s PR AR DA77 o BE TE AH DG, 25 — 537 58 B AR
Jot e B AR AR AE TP BE TR A G i SE g A, Bl L
YR MR AR R R AR BT o P AR () 194 38 4% A DG e AL AH
Sy BIAE 0.938 F 0.912, 45 — I 35 58 i {4 it
T SR 14388 1% A 56 S R ALAH 5 43 3 7E 0. 870 J¢
0.751, 5 Perez-Rostro 2" i} 5% 4 J 41 i, 22 WA
32 ) P4y 0 X MR 4 o R AR K R PR 1) L TR T g
B B, AR N AR R AT 2 5 00 [ B AT DA AR B
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7 [) 3 0 R B L e P, 45 ) B AT B RN
Bt4h, Gitterle 25" B 55 % PR #E I5 55 4% 18 F L
29 5 M A 5 B 7 % 2R LA G IR TE A 54 L A
ShAE X LAk B A R A T 1 % 1 [ B T 1A
BN R W Bk R 0. o T B AT AL i b
LA TE 5 7 W BTG, X L A 38 4% g B A% Fi 56
3t B — R M B SE 8 RS T A A
il B A 38 T 2 A LGN X IR 5 A K ' B
B 1R B RS ERBE s L 280
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Genetic parameter estimation for growth traits of
Pacific white shrimp ( Litopenaeus vannamei)

XU Ruwei', QIAN Zhaoying’, LIU Xiaolin®* , LU Zheng', REN Jindong’, YANG Fusheng’
(1. School of Marine Sciences,Ningbo University , Ningbo 315211, China;
2. College of Animal Science and Technology ,Northwest A&F University , Yangling 712100, China

3. Hangzhou Xiaoshan East China Sea Farm Limited Liability Company ,Hangzhou 311228 ,China)

Abstract. Eighteen half-sib families and fifty-four full-sib families were constructed using methods of nest
design and artificial insemination, in which each male mated three females. Sixty 5-month-old shrimp were
measured for nine growth traits including the body weight( BW ) , the total length ( TL) , the body length
(BL) ,the carapace length( CL ) , the carapace width (CW ) , the carapace depth (CD) ,the first abdominal
segment depth ( FASD ) , the third abdominal segment depth ( TASD ), and first abdominal segment width
(FASW) . According to quantitative genetics theory, the heritability of each growth trait,and the genetic and
phenotypic correlation among the traits were statistically studied utilizing the method of variance and
covariance analysis. The results showed that the heritability estimates in the narrow sense from intra-group
correlation of paternal half-sib were precise and unbiased, and the heritability values for the above nine traits
were 0. 460, 0. 392,0. 303,0. 234,0. 251, 0. 330, 0. 282, 0. 321 and 0. 356, respectively. All of them
belonged to moderate and high heritability , thus showed a high potential for selective breeding. The estimates
of genetic correlation coefficients were 0.750 —0.976, where the highest(0.976) was that between the BW
and the TL ,while the lowest(0.750) was seen between the TL and the TASD. The estimates of phenotypic
correlation coefficients were 0. 507 — 0. 947 , where the highest (0. 947 ) was seen between the BW and the
TL, while the lowest (0. 507 ) was that between the FASD and the CD. Very significant difference was
detected by r-test (P < 0. 01 ) among the nine growth traits for both genetic and phenotypic correlation
coefficients, which indicate all the nine traits may respond favorably to direct and indirect selection for
growth.
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