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FRE, F3, L9, A%, DR, T g

(PENERE R A= 245 L AR 75 5 266003 )

FE . RS A TR HAR , BT 3 B R T 121 2L R R 236 M2 FE R L
It int (2 1 A TR AR DG A3, R SPSS A1 GLM ol A8 43 3R AR 1k F) S R Jr 2220 43 Al AL T AW A A= Kotk
RIS ). BERFRWI,5 ~ 25 HIRAIASE B SGsHE AT HIES 0.161 ~ 0771, 58 KBk st A% ik HEH 0.139 ~ 0.814, H
rh I FHAQ 2R 24 1 M 4 A AH S A58 i 13845 TR O 0.387.0.364.,0.262.,0.378 ,0.161, 55 K FR A4 T4 A 0.383.0.398
0.302.0.361.0.139, — & ¥ R a5idL I, WEMEEARRPE R AR RGBS SRR AP BRI BRI 5 Fh b 35t
1L 07 2SS TR T ] 5, B AR 1 TR A N AR DGR T Bk SLast % e KAt g MAss (% i e mAdi .
FEFAARAN T A= A HBI7E S KA 5 AR DG RIRABUAR DI A TEARDC , AHOC R B YE B 7314 0.091 ~0.820,0.224~0.360,
TILISE B 85e KNS EO T E I, BT A B RA KRR IR . [ EK=REE,2009,16 (5): 736-743]
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K405 (Crassostrea gigas) WK A4, J& T
IREEEN, 2 ER 0L HAERE, BR800 T HAS [ Fssds
Bl R T R A RS PR PR I P8R | PR B 5,
SR FRFE I R A R BR OR BT DL, 2006
AR SR B 460 07 1 T, AT LT
AT S0, SR T R R N T H L T
SEAHIRUR T A2 o i 4 ok RO SRAAREIA, L
A, Bl TR GE e X AT AL, ARG A T
e YRR PR T 22 55 ), S BT I A D AR
IR B W 5 A bR o, ™ BRI v [ A R
SR A o PR, AT KA R R B AL R, B B R
AT 7 B RO R AR AR, © O 4
W R FE M R AR BRI R, 58 e 5 L D
F-BAE DUy 20 B b & S Ak, B Fod
b 5 [ B RN WG (Ostrea edulis) T e £ 405
(Saccostrea commercialis) ()24 3 B 15 2] Ik 25 4 5

Wis BHEA: 2009-01-12; f£1THHEH: 2009-03-04.
ELTE: MK 863115 H (2006AA10A409) .

XEHE: 1005-8737-(2009) 05-0736-08

LMW (Crassostrea virginica) X FHAE 1 HL gk
(MSX) BABR e, H A D [CEREE I (Pinciada
fucata martensii) 5¢ v 15 2N B KA AR 2
BET 2 AR, A R P A SR
v [ 7E 4 8080 (Haliotis discus hannai)™ YV 3 D1
(Argopecten irradians) LR DL (Chlamys farreri) ol
S DRI E i AT IS T ke

A% ) SR B A BE ) R/ B
ZHAE T RMEAG T e KO e e S W N |
VEPETT 15 LR LA R B AR e 3 25 0 T A A 4y
R, A 20t 04 LOR, Sk B
e S RIS YT TR | RN S s
Y& RS, K S 07 T R R E
TAEFF RN, B AT EXTER (Fenneropenaeus
penicillatus) 24 % (R UF (Macrobrachium rosenbergii) 2l
I8 (Strongylocentrotus intermedius) 2ol g (Cyprinus

EBEA: TR (1982-), 3, WA 0F9e A WFK™ slhifist A& B Fh =57 . E-mail: wqzIm@126.com

BIWEE . 2L Tel: 0532-82031622; E-mail : qili66@ouc.edu.cn



S5 FPGESE : RAWGAAR AR AMARAYIE AL ) AN A 737

carpio) P % (Apostichopus japonicus Selenka) e
Hh [& B XF B (Fenneropenaeus chinensis) RN
(Scophthalmus maximu) ™" 25 PEAR AL S B4R
o e EL GRS L R OT NN AL 124
B K MRS S HO T ol . AWFTE i
FABOHE AR EMEREE R A ZHRR
GOyt T5 25 B85 2500 M SR AT R AR MR
FRIE A% T RIS AL R OCHEAT A T, B A S K A5
P8 B E MO AR 00 B R BRI AR

1 BRI

1.1 &gt

S AT FH 5% DUAY 00 AN b 35 8 A AT A
TEH 30026 A g e o 45 MR A0 R B4~ M4 47
WML FEIMELES IR A E R 124
HEVERN 36 - MEVEAEAG , A 3R A DI, K A PR
A R , SR Comstock 25 ™1 2 37 fy 520 35 10 15
TE B HEPEAT 5 70901 5 3 WP s i, e
242K R R R 36 2R R .
1.2 WU SEMES

HERE 1 36 1~ 58 Z2 A A W05 43 3 BCHE AT 2ot Ui
K200 LB CAEAfh 35 & KRR fIAE 24 C A2
4 AL 20 ~ 301 /mL, DA AT 2 i i
F|5~ 6/~ /mL, Z F [ & H WP HAE 1~ 2> /mL.
B RAF K 1, MR AR B B, 450 MR 3 55 I 4 3
(Isochrysis galbana) R ¥ (Platymonas sp.). FRFF4%
KR LR BEAH], 0 oK 2R E— 8L &
KA AG A B AR, B KR BB
B30, Tl 5.10.,15 .20 F125 H I HY5%8 B fle
K (um),
1.3 HiES

Az R MR BE 18 T 2 43 B B B T 2 43 i 4
SPSS16.0 45 1 — it 4k 1% 455 8 (General line model,
GLM), 54l 23 b7 1 X5 BT 45 2 Bk A7 1E S PR 56
(Kolmogorov-Smirnov), K% ARG 43241 7 225347
B s 223 B =R

Xy =Sd e

Horr, xy, FRORFEMAREE B MR AE KRR, 1
FORBMARIE, s, FoREE N HEYERN, d, RS i
TP PN ER A AR I PR S0, ey 25 BRELIL 15 25 70
i, FMETORERE AR By 22 BN 1 s, 4
[Fi] i ek R AU A e [ R iR 7 25 A AN 2 Pl
14 BEESHITE

M ARl L PR E — 3R R GE 002 5 2250 el
183 3L S B
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he =2 (o240) | (02400407 ),
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r s =covs (x, y) + covy (x, ¥) 1/ (0 +01,) (0o +07,)
N, rgs o reany 23BN F BRI BE R 42 )
R A R AN PR LA 18388 A5 A G, o F1 o 2 LI
Fo BT 2 THE SZ BN BN R
R AR Z T8 LT THERCR To i, PH I, R FH AR
LA SRR 7] 9 3844 4 56 R B 4 1™
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Tab.1 Variance analysis for components of phenotypic variation of full-sib families

AR SRR I I35 Y75 Wy
Source of variance Degree of freedom Sum of square Mean square Expected mean square
(sV) (df) (SS) (MS) (EMS)
HfESE[H] Sires S-1 SSs MSq o + kop + ka3
TP HESE (] Dams S(D-1) SS,, MS, o’ + ko
JE B AR Progenies SD (k-1) SS. MS, o
JVF Total SDk-1 SSy

T S NMEMESEAKG D O —MEVEA BT BCENE SR AE B i — MV R AR SR A

Note: S is the numbers of sires; D is the number of dams; £ is the number of progenies of every dam.

®2 2RARRXRARVTEAMNHATESH

Tab. 2 Covariance analysis for components of phenotypic variation of full-sib families

AR AR F BEA B P5A LULES g
Source of variance Degree of freedom ~ Sum of cross product Mean product Expected mean product
(SV) (df) (cP) (MP) (EMP)
HfE2E 8] Sires S-1 CPq MPq cov, (x,y) + keovy, (x, y) + kdcov, (x, y)
TEPE 2E1E] Dams S(D-1) CPp, MP, cov, (x,y) + keovy, (x, y)
JE B AAE] Progenies SD (k-1) CP, MP, cov, (x,7y)
S Total SDk-1 CP;

TE: S WMEVESEANE D g SR AR B L SR AR & B — MR AR IS BT E covs (x, y) AR IT 22, covy (x, y) HEEFRY
R 22, cov, (x, y) 2 [RIMAMATET B 2% .
Note: S is the number of sives; D is the number of dams; k is the number of progenies of every damj; covs (x,y) is the covariance of sires half-sibs; cov;, (x,

y) is the covariance of dams half-sibs; cov, (x, y) is the covariance of full-sibs.

&3 ARBRKHEFHHEHZRINTESH

Tab.3 Parameters of shell length and shell height of Crassostrea gigas larvae

5d 10d 15d 20d 25d
WiH Ttem
SH/um  SL/pm SH/um  SL/pm SH/um  SL/pm SH/pm  SL/pm SH/um  SL/pm
i&iﬁﬁ 81.95 87.84 107.88  104.21 140.05 126.82 191.72  173.24 24175  216.85
15‘/]];/@23 4.25 3.86 7.04 6.25 14.31 11.98 29.79 29.31 39.24 37.12
A5 2R E %

5.19 4.40 6.52 6.00 10.22 9.45 15.54 16.92 16.23 17.12

Coefficient of variation

{E: SHEFTRTEH, SLFTRGTR ; LR R BN PRIELE 5 TR0 LA

Note: SH means shell height. SL. means shell length. Coefficient of variation indicates the ratio of standard deviation to mean.

22 KEWGHEREERREEREROFTEST SRR, KA IR ER LS55 K 10K,
M FES 15K 20K 25 K, i 55 5] Rk A 23 8] A9 72 4 5

KAMGAARAR A K e KA @ Z2m & Roe K AsEm R0 F R S5 R o 22 7
DT 2250 oy AN AR S Fion. Jr2Efith iz (P<0.01), rl#EATi8ef% Jifdiit.
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Tab.4 Variance analysis for components of phenotypic variation of C. gigas larvae at different stages

7RSI Source of variance (SV)

H Aﬁg?\ e/d 'If'ﬁrt:ij(t% JHESE[] Sires TEPBESE]E] Dams Jo 1] Progenies S Total
df MS F df MS F df MS df
SH 11 324.13 26.256%* 24 128.13 10.379%* 1044 12.35 1080
> SL 11 215.61 19.279%* 24 85.30 7.627+* 1044 11.18 1080
SH 11 586.89 27.465%* 24 210.83 5.867%* 1044 35.93 1080
10 SL 11 600.50 21.103%* 24 245.28 8.62%* 1044 28.46 1080
5 SH 11 2568.66 16.736** 24 1349.25 8.791+* 1044 153.48 1080
SL 11 1977.98 18.892%* 24 991.55 9.47%* 1044 104.70 1080
20 SH 11 7568.98 57.143%%* 24 2624.37 18.097** 1044 454.46 1080
SL 11 6932.94 49.9087** 24 2667.11 13.45%* 1044 402.90 1080
95 SH 11 9815.44 22.023%* 24 5330.78 12.654%* 1044 1046.94 1080
SL 11 9715.55 20.676% 24 6067.08 11.402%* 1044 1062.84 1080
e SHEERFE R, SLERGE s dF A EFHHEE , MS A Y, F 3807 Lh, =+ R 2 1R] FAGES 24 5+ PR i 3 (P<0.01) .

Note: SH means shell height, SL means shell length; df means degree of freedom, MS means mean square, F' means F-value; ** means significant

difference among groups (F-test, P<0.01).

RS5 KHIFDEREERFERE

TEARNHAES

Tab.5 Covariance analysis for components of phenotypic variation of C. gigas larvae at different stages

5 55 Source of variance (SV)

Hi#/d

Age JfESE]A] Sires TEPIMESETE] Dams 5 T la] Progenies S Total
df MP F df MP F df MP df
5 11 228.39 137.64%* 24 112.58 67.85%* 1044 1.66 1080
10 11 419.77 121.943 24 120.05 34 .87 1044 3.44 1080
15 11 242.38 5.24%%* 24 142.77 3.09%* 1044 46.25 1080
20 11 1441.75 8.57# 24 842.10 5.01%* 1044 168.26 1080
25 11 1393.72 5.71%#* 24 795.74 3.26%* 1044 244.22 1080

TE: df N HEE, MP IR, FOMISTALE, =+ SRR dln] F AR 22 R VI B35 (P<0.01).

Note: df means degree of freedom, MP means mean product, F' means F-value; ** means significant difference among groups (F-test, P<0.01).

23 RETENERERAZEASMRETEENEE
hAERS

MR T7 28 73 W4l RS 0 B8 07 9 5 22 40 4
Ji, T LA S ST ph A R M A0 (R M b O 22 A8 T 454
JEPTT ZE 4 BRI G R ARIEC R IR 6 I . AR
e b 7 22 0 B4l 2R -5 R R BR A Bl 7 22 410 B9 AL
B, AT LA 57 ph xR A R B 7 22 Al a4
JE P I7 224 IR DGR AR R R T

24 KHGFAREKHPAZKETSMEEMIE
(iZiES i
MRAER 6T AL Z F R B 2 R i A 4

e A [ 382 4 5 2 AL Al I AR W 4445 d 10

d.15 d.20 d.25 d H 8 5e K Mae s i 1) (&
8). Feim FIFT AL R Al ffiE 1% 71 0.161 ~ 0.387
F10.139 ~ 0.398, £ F 1 [F] a5t 1% 1 4 0.461 ~ 0.686
#10.570 ~ 0.814, 4> [A] i 5% 1% 77 24 0.311 ~ 0.536 il
0.354 ~ 0.564. 25 HARLIEE R 2RI AL SiflHE
$5e fe , 4 () ML AR 8] 33 4% ) Al TR 2, A &R 2 [
‘%%jﬂéﬁﬂ’ﬁ?ﬂ%& HRAE 2 73R 1 A F 2 TR
WAL U T 22 448, 43 BIAG N 5.10.15.20.25 H i
ﬁ#i%%hﬁiﬂ@ﬁkﬂHD 435 A% AH G I TR AR 56
(39). FEmAIFE K B AL AH DRI C, 43 51k
0.091 ~ 0.725 F10.224 ~ 0.360, 41K 1FAH .,
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Tab. 6 Causal components of phenotypic variance of C. gigas larvae at different stages
Hi#s /d PER JFZ=4H 43 Variance component
Age Traits ot o o os+or OT=0%+0h+0,
SH 2.18 3.86 16.47 6.04 22.51
> SL 1.45 247 11.18 3.92 15.10
SH 4.18 5.83 35.93 10.01 45.94
10 SL 3.95 7.23 28.46 11.17 39.63
SH 13.55 39.86 153.48 53.41 206.89
15 SL 10.96 29.56 104.70 40.52 14522
SH 54.94 72.33 454.46 127.27 581.73
20 SL 47.40 75.47 402.90 122.87 525.77
55 SH 49.83 142.79 1046.94 192.62 1239.56
SL 40.54 166.81 962.84 207.35 1170.18
T : SHFIRTEH, SLEREK .
Note: SH means shell height, SL. means shell length.
®7T KERpGERREKNARBEESABNIN T ERS
Tab.7 Components of phenotypic covariance of C. gigas larvae at different stages
UIES Hi Age
Covariance 5d 10d 15d 20d 25d
covs (%, y) 1.29 333 1.11 6.66 6.64
covy (x,y) 3.70 3.89 322 22.46 18.38
cov, (x,7) 1.66 3.44 46.25 168.26 24422
covp (x, y) 6.64 10.66 50.57 197.38 269.24
® 8 IRFEFRHUFAEARRMEAE K EREEATZH S GITHIEED
Tab. 8 Heritabilities of growth traits in C. gigas larvae at different stages
SE ST 5d 10d 15d 20d 25d
Estimation methods of i* SH SL SH SL SH SL SH SLL SH SL
Sifgf)\fil}fal?g-ﬂs@ibs 0.387  0.383 0.364 0.398 0.262 0.302 0378 0361 0.161 0.139
Dﬁi?}iijf}-]?ibs 0.686  0.654 0.508 0.729 0.771 0.814 0497 0574 0.461 0.570
I%E?Es 0.536 0519 0.436 0.564 0.516 0.558 0438 0467 0.311 0.354

T SHERGE R, SLFRFCK.
Note: SH means shell height. SL means shell length.

®9  KHIFL KR REIREE KR B EEEXIREEX

Tab.9 Genetic and phenotypic correlations of growth traits in C. gigas larvae at different stages

LIP3t H il Age
Correlation 10d 15d 20d 25d
i .
@f?*ﬁ?ﬁ . 0.725 0.820 0.091 0.131 0.148
Genetic correlation
FEIHH S
EaaSUIES 0.360 0.250 0.292 0.357 0.224

Phenotypic correlation
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Ti AT R, 7o | St K E L R
i V] B 2R 2 () ] 25 5 4 0 B 3 (P<0.01), AR 5K
¥ w0 40 1A 7E 5.10.15.20.25 H #4152 55 1Y
AL 1A 23 51 0387 ~ 0.686.0.364 ~ 0.508
0262 ~ 0.771.0.378 ~ 0497 F10.161 ~ 0461, 5% K
() 38 A% 1 Ad 3 A 0.383 ~ 0.654.0.398 ~ 0.729.,
0.302 ~ 0.814.0.361 ~ 0.574F10.139 ~ 0.570, 7E K
WAL R B R, Dégremont 25 5 1] i 150 7 44
BT 17BN ERBEE R, 526~ 8/
WA TETE B SRAL 10 0.47 ~ 1.08, 7 S 11k
0.07 ~ 0.38 ; Lannan'™ F Fil 11 ~ 15 42 7] i 5 2 Ak
T 18 ke ol FeE RE NS s
77, MWK 490.15.0.33.0.32.0.37 F10.46 ; Langdon %5 " |
AR R TP (24 Ak, B /4%) FBLSE
WAL 5109042 5 Evans 257 ) FI 34 4 4 7] i 5% 2 A5
AR FEFEEAEE T Y192 H k% 370 H i3 F1664 H ik
FEG R 1 ) SGstA% 114331 0.360 ~ 0.712 1
0.218 ~ 0.539 ; Ernande 25" ) Jf] 24 1~ 4 [ L 58 & Fl
ANFE AT FIGE T KGR A K AAE A
HEDLAE K F7IE B0 R S E Ty AW 5T Pris
AL ST TR AT, A8 FR R B ZR 2 R
S MAMARI S A% SRR HEY A 2250, Hoh IRE R
RIS L A LR 3 5 22 T S R
FA— 35, FRIAATE BRI REVERSON, , 3 PT RE 2 B
i s N VS A1 S5 AR G (A U EAE S
— A, ST AR R SORME TS ), h P
BB RN B LSRR " AR
HRVBH R K ML A i, ol T 4
I R T ag A i, TR R P RE AL AR £
Fetki, BRI AT LATA R SR AL Z2 2 Rl 2 P A S A
THIEAE TR K s 25 2B KRB Jy i Tt i 11
{8, H MM A AL 7 22 40 00 Al 0 3 A% 1 e
AR ACFRLRIMAR T8 e K ik stk 114
B2 0.161~0.387 F10.139~0.398, 4~ T-0.1 ~ 0.4 2 1],

Ry AEIEAL 7, X R RE T AR R A AR
REAFHEEHL
32 KHEFZEAE KR EEREXTREEX
FH 35 DR 328 AR5 PR 1 250 5 S A s A A K
A AR RN R R A AN R R BE AR DG . 78
PERE R AL b, A Se MR AT o B R R
T T BRI 5 T AT S AN B I e B AR AL
28 SR DU AT 38 e %o 55 A S P A v R )
PERRIREEE E R H B, 85 L2 B 2R
TR, BAHE AL ORI B A 40, 1
R EAL AR OCRR A, [B)4235E B RO ik gy, (HAR ]
BT SRR ) & 8 UG [ — AR B i A5 AR S )
REAFAER R 22 M Sl i BT 22 20 e B kR ]
R IR A 788 S R, 0 A 2 R 9 1) — T
BN, R e R R A — AR T AR, 78
VLR & FBFSE, Ernande 25 " 458K A5 R R 4=
F I A AN [R) PR IR A A % 22 R A DG e, 28 2SI A
HE DLES B R ded 250 G, (AR i S R g A DG
B 2%, X 5 Newkirk 252568 B U 4 W5 (Ostrea edulis).
Stromgren 25 ' % 1 U1 (Mytilus eduli). Hilbish 25 ™ %
s (Mercenaria mercenaria) WIWFFE 45 AR, A
WS PR M DA [ A A 7 v A e K ) 1) gt
AR 34 R TE AR 2, Y FBI7E 0.091 ~ 0.820, F B 72 15
MK BARRE I, ELEE I, kst mase Ko
EUAR DR B, #8237 SR IRl A 6 7 R . ARlA
it 09 7 v R e A 1) 6 R DG Al 1 SRy TE AR G, Y BRI FE
0.224 ~ 0.360, WX Frikdebr b A TAHSC /i A —
SE SRR EE o RSB FE 6, K A 17 4 (A AN T]
A R S i ST A I8AL A AT Bl A K B TR
IR a3, X ] BB 5 305 i e K AR S R ARt 2
A KB TR B R R 22—, 5 K 05 R A 44
2 F KAV & . AT 0T TR 41540
AR I 38 £ 1 st A AH G, o0 T S A Bl b ) o 7
FRARI], 764 I B9 A bk I 4k 22 53 B 1 4 07 1 DL
NIl RIRIEREE S0 T I 38eAL J1 s AL AH G
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Estimates of heritabilities and genetic correlations for growth in Crassostrea
gigas larvae

WANG Qing-zhi, LI Qi, LIU Shi-kai, KONG Ling-feng, ZHENG Xiao-dong, YU Rui-hai

(Fisheries College, Ocean University of China, Qingdao 266003, China)

Abstract: Pacific oyster Crassostrea gigas is a widely cultivated aquatic species with an annual world production of 4.6
millions tons in 2006. C. gigas is cultured in most parts of Chinese coast including Liaoning and Shandong provinces in
the north, and Fujian and Guangdong provinces in the south. Pacific oyster seeds are produced mainly by hatcheries.
Although artificial seed production technology is well developed, genetic degradation, such as inbreeding depression,
becomes a concern. To improve Pacific oyster industry, genetic improvement programs have been carried out in several
countries. Selection, either natural or artificial, induces an inter-generational response only when the trait exhibits
additive genetic variation. An index of additive genetic variation is narrow-sense heritability (1*) which is the ratio
of additive genetic variance to phenotypic variance. According to the breeder’ s equation, h” is a key indicator when
surveying the potential for genetic improvement in an unknown natural population with putative commercial value.
Body size (and any of its surrogates suoh as mass, length and other linear dimensions ) has been considered as one of the
most important determinants of every possible aspect of an animal’ s life history. In this study, the heritabilities of shell
length and shell height of C. gigas larvae were estimated by means of intra group correlation of full-sib. Twelve half-
sib families and thirty-six full-sib families of C. gigas were obtained by artificial fertilization of three females by single
males based on a balanced nest design. The shell height and shell length of larvae were measured on day 5,10,15,
20 and 25 post-hatch (30 individuals per family) . Causal components of phenotypic variance were calculated with the
GLM procedure of the SPSS software. The estimates of narrow-sense heritabilities were 0.161-0.771 for shell height and
0.139-0.814 for shell length. Narrow-sense heritabilities of paternal half-sib were 0.387,0.364,0.262,0.378 and 0.161
for shell height, and 0.383,0.398,0.302,0.361 and 0.139 for shell length at different stages, respectively. Analysis of
variance showed that maternal effect existed because maternal genetic variance was significantly larger than paternal
genetic variance. Hence, the estimates of narrow-sense heritabilities obtained from intra-group correlation of paternal
half-sib were precise and unbiased for both shell length and shell height of C. gigas larvae at all stages. The medium
heritability (0.1-0.4) at five different larval stages shows that it is possible to increase the shell size by selection during
larval stage. The estimation of genetic and phenotypic correlation coefficients between the two growth traits at different
stages were 0.091-0.820 and 0.224-0.360, respectively. Medium heritability estimates and positive genetic correlations
indicate that both shell height and shell length should respond favorably to direct and indirect selection for growth.
Further studies are needed to establish the precise contributions of these variation sources on adult stages in different
environments to assess the real potential for the response to selection. [Journal of Fishery Sciences of China,2009,16(5):
736-743]
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