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Mo T, FHTESE &R W) AT 58 4051
A2, Gk AR 28 S AL G, R R A G
Fe O MEARAEA A LE TR, [l AR P fE
IR F P R B ROCR A S

ABIETE L 5E 4 KW b R rp e @ IR A A
PEREIE LI 3 KR NZEAR, HEAT TR 22858
B, WCELT A NSRS A T —AUAE 4 B A
DUFR I A A M TG PR RE, I X 2R S 21 10 2% ol
DEFIEAT PPN, DU 58 4 1 A5 dh AR a4 2k
BRI o SR s 11 ) 5 1 (3t PSR

1 RS

1.1 #HRIE

2010 4FE ML AR FLILFRFA ) 2 84 405 v i
B T Ere AN RVE R DL, DBt ks
HArtER, 2t MK RET MPARBHALES .
2014 LA 2013 AR F B 5t A K AT WA R SR A,
FHHEALE T NN E T 25 MR eKit
W4 R M5 7 o 2015 4F DA i i 4 ELAA B i AR
M G2(A)K F LA B HAT B A K A7 s M fig
) G19(B)Hl G28(C)K &, MEANRKFH Tk
PEH—E BRI ai e | Fe B H oK /h—2
PR T NN TAR A
1.2 It

FH 2R Z A8 T7 5, e 4 KA WA
MR RAEAS, BIEAKLH AAAR x Ad).
BB(B? x BJ). CC(CQ x CI)MAAZ4H AB(A @x
BJd). BA(BYx Ad). AC(A ?x CJ). CA(C @x
Ad). BC(BYx C3). CB(C 9x BE)TEN 9 138
Bl A (R 1), BICRA AR E 3T
SEBSAENN 16 25 r AT PR RSN B B ST T o

R1 ESKHFTRRAZEAS

Tab. 1 Design of diallel cross for the golden shell
color strain of Crassostrea gigas

FA parent G2(A/2) G19(B/?) G28(C/?)
G2(A/3) AA BA CA
G19(B/3) AB BB CB
G28(C/3) AC BC cc

1.3 ANIEBES5HHmiEs
201545 26 H, o4 K4tWiE R kT

BUE, SR RN e AR AT MEPE SR AR B BE -, FE B
TR, IREUHEE A4S+, e IS I8 A sC B 20
&, fE 15 L /MBI INRE S . AN TR,
B Z RGN E T 100 L 1Y 3R £ SR 2R 171k,
WEAL S B ol 15~20 AN /mL, FEFFEEMEE R R, 22 h
G, ZKIMEBZE D RYHR., YRGEEVIGREE
WEHN 10 AN/mL, BEERE B E AR, & Bxt
W REHEATIE YRR, A SR A R B, TR
MEFSED, BREMAHIK 1K, Bk
HOM U3, JEHIh V2,5 KA 5k, AR
4531 45 ¥ (Isochrysis galbana) h 3, J& R HE4h d
Az A B Al B 45 TR i 38 (Platymonas sp.) FT/NER 3
(Chlorella vulgaris), %15 & ARG B EEER O .
KA 10 N A% U T B AT R BB R R
h 23~27°C, KR AR T I/ R AR
PRAERSE M, TERA Y RIEF O B, £ 0w
FUARE . HRK R R A A A R R — B
BTG Y B E 20 d e, 4l Sk ERAR A, 2
30%ZE A7 1Y &y AL H BULHR s s, 480k 26 9 B 5 Ukl
T B HTFL B DL FE AR R B A R, AT N TR,
MRS b D e 25 A T B AR TR B 10 AN A
A IR R o
1.4 FENEF

FELAE 5 HE DL A B DL e 28 4 5 S T = AN E
HAEA TR, FF A SR X TCET A 4T W 4l R, B
8 2 50 B B BROV X HEA T HE DL ATRAS BT R, e i
%2 3, 1L PR i A DX A 7 8 SR A HE DL R A
15 HENE

i, 78 5. 10, 15, 20 HE&AH AL
HBEPLIBE 301>, FHEHE [ [ )5 7 WA T
FH B RORGI 41 O 7 s e [RIEE, I 4
R, ARSI fEiE %, FEDUIN, 7 85,
130, 190 H %, M4 Lm g BbLEEIR 30 1A,
FH I AR RO 52 5 (SH) A58 K (SL), 5 7 2]
0.02 mm; HH + K F 0 &5 5 (TW), 5 5 5
0.01g; [FIAY, FEitHE D AFATE 3. 4 UG RAR
PRGBS % R T I ) o R
P, E DUAE G RN B R LA B 1 15 R B S
HEDUECR A 43 L .
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1.6 HEFEHH

FHl Excel 2007 %4552 g A A . A7 TG S5
Wi gt b5, R SPSS18.0 F i iy
K& J7 2277 BT (ANOVA) A1 Tukey £ LA #E 1741
Mr, Ph P<0.05 fEh 225 BEMEKFE, S8 Cruz
B Stufflebeam( ™ 153 2 22 AR B 2RI 34 %
H(%) 1A= .

H=(F1-P)/Px100%

X, By 2 2esc L F MR 39ME, P R H
N A H 24 FARHR 1 - 2418

2 HRE5SH

21 KEHHHAFRIBRATSERPILER
FSCHMIZR A 9 DS g 4 R 2R 5 2]

20 H i By 72 AE R S H BRI 22 Sk E e g
W 2, 205, 5 HIRM, Frf 254 m
R THE B3841(P<0.05); 10 & 20 H i,
JRAZ4 AB, AC. BC. CB WF IR T H A4,
H AC il CB By5¢ s 3 KT H 2241 (P<0.05), £
KT, 425841 AC, BC, CB ¥ KT HAZ
41, PG 2 %A W T 22 5% (P>0.05), M
MR BT E A K kR, CBLAC A S A
HARLL, BA W25 (P<0.05), 5 AHEGH
P, FEELH I A KA
22 HHARELWATRKEKPLEER

oy B R [R] S 560 4l 5o 4 A K B H R R
AR LA 3, i 3 A, 5 HIRR, Frfides
M7 KK T A A 224 (P<0.05); 10 Hi®

F2 KHIFYHARESLEETSE KA

Tab. 2 Comparison of shell height among different experimental Crassostrea gigas groups at larval stages  n=90; X +SD

LU 4 172 = /um shell height of the larvae A B (m-d Y
group 5d 10d 15d 20d growth rate
AA 82.67+5.04° 123.78+12.84° 199.83+24.61° 287.42+38.2 13.65°
BB 81.67+4.86° 115.89+9.82¢ 193.7+30.43¢ 273.57+62.37¢ 12.79°
cc 83.84+5.51° 117.44+14.03¢ 197.57+34.09¢ 283.60+58.02¢ 13.32°
AB 88.22+4.26° 124.89+10.63" 212.06+25.63%° 290.00+33.45" 13.45°
AC 87.50+4.70° 129.17+10.66® 217.61+31.14° 309.61+36.14% 14.81°
BC 88.11+5.12° 131.72+8.78° 213.18+19.65® 307.78+43.03%° 14.64°
BA 86.94+3.87° 123.72+9.87° 198.43+19.46% 275.22+30.03¢ 12.55%
CA 87.44+4.51° 123.45+8.13° 213.15+29.12% 284.12+35.03¢ 13.11°
CB 87.22+4.25° 133.28+10.79° 216.60+27.30° 311.89+36.53° 14.98°

e [RF AR bR R R R AN [F) 52 30 20 [R] 7' i 22 7 1. 3% (P<0.05).
Note: Values with different superscripts letters within the same column mean significant differences of the shell height among different
groups at 0.05 level.

Tab. 3 Comparison of shell length among different Crassostrea gigas experimental groups at larval stage

®3 YPHATRSLEERTKE KPR

n=90; X +*SD

S| 4)j 1 5% K /um shell length of the larvae AR (um-d )

group 5d 10d 15d 20d growth rate
AA 85.61+5.13° 114.78+9.65% 174.28+21.03% 246.97+33.65™ 10.76°
BB 85.50+5.14° 109.17+7.24° 168.12+24.48° 228.86+47.87° 9.56°
cc 86.40+4.95° 109.50+10.6° 173.46227.10% 241.47+50.07% 10.34°
AB 90.11+3.51° 114.72+13.58% 185.61+21.33% 249.44+29.39° 10.62°
AC 90.33+3.07° 118.28+8.55%¢ 192.28+18.38° 266.44+29.46% 11.74°
BC 90.28+4.33° 119.72+7.55® 187.41+22.62° 259.11+38.60%° 11.26°
BA 89.00+3.28° 115.78+6.95° 174.38+19.55" 240.67+26.39% 10.11°
CA 89.50+3.18° 112.83+8.07% 182.15+22.52%° 243.53+32.72°% 10.27°
CB 89.56+4.28° 121.94+9.17° 188.46+25.05° 269.67+29.05° 12.01°

e [FF AR B AR b 3R AN [R] 52 50 21 ) 52 4 22 5+ 1 % (P<0.05).
Note: Values with different superscripts letters within the same column mean significant differences of the shell length among different
groups at 0.05 level.
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I, BR T 423241 AB 1 CA BRI T H 224 AA 4F,
HAth A g e KR T A2sc4l, H BCHICBIY
Fe K B ERT A 24 (P<0.05); 15 H I, Firf 24
TR TIE H2E4l; 20 Higm:, CB Al
AC f5e K d ik, 409N 269.67 um Fil 266.44 um,
WA K E R, 44524 AC, BC, CB ¥ KTH
L, PR A Z TG 3 2% 5 (P>0.05) . AREAS
g B e K AE KTk E, CB 5 AU L,
HA B #2%5P<005), SradaMt, #H
WA A KA
23 KW HPARLEAGFEFERNLLE

B & VR IE G AR H RS 3G, A AS 44k
LA G RBHIEME (A 1), 5 HIEE, #4208
FETE RBA W E 2% 5(P>0.05); 10 HAR, AA
4. CA 415 CB 4z [H 2 5 W3 (P<0.05), HAl
K20 2 A 25 F N 1 35 (P>0.05); 15 F1 20 HRAT, 4%
A2 LA B3 22 5 (P>0.05),, 7E8AN4 i BX,
SHABZAAR L, 245820 CB M s AT R

BAA OBB 2CC EAB EAC BBCEBABCAECB

A A A A S S SIS SIS,

e
o T T T

B KR4 2% SCR AN ) HIR A3 0 AR
(i) — F R TS [) = Bk 3 7 2L W) 737 6 22 S 19 25 (P<0.05).
Fig. 1 Comparison of survival rate among different
Crassostrea gigas experimental groups at larval stage
Different superscript letters within the same age indicate sig-
nificant difference of the survival rate among different groups
(P<0.05).

24 KHUFLREEKIFFEMEB RS
a1 WU AN [] 2 28 21 A A RN 106 2 PR 34oR 11
FAR B g 4, 3% 4 AT, BANL R B, &
Z A8 5% = W A AP L 5 4 T - 1.88%~14.24%,
FE KB R A T-0.28%~14.67%., Hrh, ¢
Z41 AC. BC #1 CB fE5t i fFe KR H HA
WAL HR, 20 H R, Z4584 BA RS

LU CA TESE R st K L AEE I 2 Rh L34

FEAE K Ry T, e i A K R ) 2 R R A
T—5.07%~14.72%, ¢ A KL 1 24 FppL #4o%
I T-2.65%~20.71%, HH, 4520 CB HyZRF L
R, HYCh BC Fl AC 4H; Z@5541 BA. CA 1E
FEE SRR K R AR, TEAER
)T, CA 4IRIMIZ4F L H, BC dIZ4Mi A
BH 5, CB A17EA ] H #4330 H 55 i () 22 Pl

R4 KHIRLREARRAAE KNFENRMMAB R

Tab. 4 Heterosisof growth and survival of larvaein

different hybrid crosses of Crassostrea gigas %
S LERIN H #%/d days of age AR
group trait 5 10 15 20 Orowthrate
AB G
7.36 4.22 7.77 3.39 1.74
shell height
ek 5.32 2.45 842 4.84 4.58
shell length
E{E}: 1.74 413 1553 0.40
survival rate
BA %
5.81 3.24 0.85 -1. -5.
shell height 188 5.07
gas 4.03 3.40 1.86 1.16 -0.45
shell length
[GCRS 145 764 2322 001
survival rate
AC i
5.10 7.10 952 844 9.81
shell height
Gas 5.03 548 10.59 9.10 11.32
shell length
ﬁ{ﬁ}: 2.02 12.28 420 054
survival rate
CA =5
5.03 2.35 7.27 -O0. -2.
shell height 049 -2.76
oS 4.06 0.62 476 -0.28 -2.65
shell length
[GAERS 331 -325 -10.72 -0.27
survival rate
BC % 6.47 12.90 8.97 10.48 12.17
shell height ’ ' ' ' ’
ek 504 950 973 1018 13.15
shell length
ﬁ{ﬁi 2.04 0.25 -4.13 0.24
survival rate
cB i 540 1424 10.72 11.96 14.72
shell height ’ ' ' ' ’
o 420 1153 10.35 14.67 20.71
shell length
ﬁ{ﬁ}i 591 1084 21.20 1.86
survival rate
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25 KituETH ARSI A E KNI

HE UL HA 2% S50 4 A KRR 2 B 38 K R0 He s
GEIL R 5. F R 5 WA, Bl HE DL FRGE H % i3
o, AR RS KR U R W R, T E
R A K IEA S . 85 H IRHT, 23840 CB W5t
A K s, 439 15.25 mm 1 10.74 mm; AB
AR/, WRACTHABA 20, 130 H AT,
CB #7tmExim, BA HiekKis, &L
Fse Mok 10 i 3 22 55 (P>0.05); ¢ st

®5 KHFHIHPAEKBARTS. KM

/NS AA 4R AC 4, 439 29.04 mm
F120.17 mm, 54 KPR CB 45 BA 4141,
%% B (P<0.05), 190 H#E, £ 5284015 K bk
MR TE B #E 2 5(P>0.05); FEFtmtR [, AB 4l
fm, HUOh AA 41, —F 2R TGN E 2 5 (P>0.05);
TEEEMR b, B BA ZHAN, Hh4%4H 2 1) b
25 (P>0.05), fEAERK BB M, SAZMIEA
2% (P>0.05); H, FEemAKEE L, &
KK AB 4H, HIK AN AC A AA 4, /NN

BRI

Tab.5 Comparison of shell height, shell length and total weight among different Crassostrea gigas

experimental groups at juvenile stage

n=90; X *SD

H #%/d days of age

A (mm-d ™)

S 85 130 190 growth rate
group - Zeermm EK/mm EEmm EKmm EEmm FEK/mmo 100 HIgETEG S5/ el
shell height ~ shell length  shell height  shell length  shell height  shell length total weight  shell height shell length
AA  13.67£2.69"° 10.22+2.05® 29.04+4.58° 21.37+3.95% 39.18+6.28* 24.91+4.75° 5.96+2.62* 0.24 0.14°
BB 14.95:3.26® 10.48+2.67® 31.24%5.75 21.90+5.24°“ 37.66+6.20°° 23.30+6.10° 5.40+1.86" 0.222 0.12*
CC 13.44£3.09°  9.87+2.50%° 33.95:5.61% 22.95+5.68%° 35.00+5.44° 23.55+4.60° 4.69+2.28° 0.21% 0.14%
AB 12.73+2.82°  9.15£1.98° 29.40£5.47° 21.19+4.36 40.57£7.77° 24.40£5.59° 6.00+2.63* 0.26% 0.14%
AC 13.62+2.93°° 10.07+2.03%° 29.68£6.03° 20.17+5.20° 38.84+7.33® 23.11x4.53° 5.39+2.07° 0.24% 0.13*
BC 14.18+2.54™ 958+2.09™ 31.62+4.74" 23.36+3.34™° 38.27+7.06™° 23.75+5.34° 5.54+253" 0.22° 0.13°
BA 14.62+3.62%° 10.61+2.88%° 32.98+6.81% 24.66+3.57%° 37.10+9.44%° 24.85+3.01° 7.27+4.12° 0.21% 0.14%
CA 13.63+2.62"¢ 9.78+1.94% 32.58+6.17® 22.21+5.18" 38.00+£7.62%° 24.92+3.72*° 5.12+2.18" 0.23* 0.14%
CB 15.25+2.94% 10.74+2.22% 34.14+7.41* 24.16+6.49%° 36.22+7.84™ 24.60£3.73* 5.31£3.04° 0.20° 0.13*

T [ POAS ) B AR R 2 AN () 552 36 4 ) 548 22 5 B % (P<0.05).

Note: Values with different superscripts letters within the same column mean significant differences among different groups at 0.05 level.

CB4H; fEse A KHE I, fie/Miyoh BB 4.
26 KHGHEIVPARLBAFEROILR

—_
(=4
(=]

o
(=]

ODAA 8BB #CC BAB 8AC 0BC ©BA BCA 0OCB

Wil 5 HE DL S50 H S B 3, H sS R 2 g 4l
AR BTG (8 2), 7F 85 Fi1 130 H
1%, £ Z [AIFETE WA R B 2% 2% 55 (P>0.05)
190 H i, 243844 AC. BC 5 H%4 AA. CC
Z ] 22 5 . 3% (P<0.05), HA# 41 2 7] 22 5% A
F(P>0.05); Z23c41 CA. BA N HIZAZHIFTH
e FAR B A 34
2.7 KHUEE A RKINEFEMA B RIS

%&m/ﬁﬁﬂﬁlﬁf\éﬂikﬁﬁ(ﬁmﬁﬁt%%ﬁ@

FeEZE SR L 6, 3% 6 I, 4384l 7E iy 4
FRAL 3 Z A T -11.04%~9.42%, 7K [h 42 Wj@
AT -11.59%~13.98%, M LR L EE A T

~ [ele]
(=] (=]

TETE# /% survival rate
o
3

K

W
(=]

H#%/d age

B2 KA MHE DU & S 20 AN [R] H A7 2 L8R
[ — H A7 A [R] 7 Bk 3 R 41 )47 1 6 25 5 I 3 (P<0.05).
Fig. 2 Comparison of survival rate among different
Crassostrea gigas experimental groups at juvenile stage
Different superscript |etters within the same age indicate
significant difference of the survival rate among different
groups (P<0.05).
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—3.85%~27.99%. Hh, 524 AB TE5T = MlFt K
PER 100 2% Fh A SR Bt 2 H IR 170 398 i 328 347 186 K
3241 BA Fl CB 7EFC K MAR I 2l 4% 3
MIEAE, CA E5EE PR b A 2L R R 2 o 1E A,
HA A 4 A 5e s Anse KMok B R TR B 477 AR T
fHo FEAK R i, 5 A K I 22 L 3
TS T-7.82%~14.70%, Hi, AB AL 43

i, BA HMERAL, 7 RAKHEE MR LR
I F-11.41%~10.58%, H.H1, AB ZH 1 2 Fi L 3
=, AC Ak, FEMEDAEIE R I, AB 4R F7 15 44
FIOLAAE A H i ¥k, HoRiifE; AC. CA Al
CB ZHFifi H i3 hn, ZembOb a3 s B
BA 414k, #54H 190 H ¥ i Z2 R $5k Firfr H i

oy
H1H] o

®6 KHEFRRZAMNERKMEFHORMAL R

Tab. 6 Heterosis of growth and survival of juvenile in different hybrid crosses of Crassostrea gigas

%

ST o FE frait H#4/d days of age K
groups 85 130 190 growth rate
AB 5% shell height -11.04 -2.46 5.60 14.70
7o shell length -11.59 -2.06 1.22 10.58
L total weight 5.63
TE35 # survival rate -2.93 -3.60 -1.00

BA 5% shell height 217 9.42 -3.44 -7.82
5e shell length 2.51 13.98 3.09 3.78
ST total weight 27.99
TG 3 survival rate 5.89 1.20 3.44

AC 5¢ % shell height 0.48 -5.76 4,72 4,92
5eK shell length 0.25 -8.98 -4.62 -11.41
ST total weight 1.22
1775 % survival rate 2.79 5.86 12.63

CA 5c ) shell height 0.55 3.44 2.45 1.78
51K shell length —-2.64 0.23 2.85 2.01
ST total weight -3.85
1715 2 survival rate 1.20 6.92 8.95

BC %15 shell height -0.11 -2.99 5.34 454
521 shell length -5.85 417 1.39 0.15
ST total weight 9.81
5 3 survival rate 2.22 1.53 7.58

CB ¢ shell height 7.43 4.74 -0.30 -5.97
5K shell length 5.55 7.74 5.02 -0.92
B total weight 5.25
1715 % survival rate -0.90 -0.59 7.48

3 Wi BUARE TS 1 S5 A K i 2 s R

31 EXRBEFEMABHINA

FAZ HABRAE T, BELZE A BURML R MR 4
R, S E N A3 Az T A AP asOR Has i
g — Bl & R ARPY JEIE R M S A
R PR AU, R T R A R R R AE AR
FeA Pz RBOM &S 1, FEEZ A TR =

252, JhNAEfERE R, AT A O g B 2R Rl G
e, EEREPIR I J AW T AE R G
A i i AR A 2 R — AR A A 52
AR % 10%01 AR 14 2 53808 B Sl 583800, Ik
i Bk AR IR A PLES &, ATRA R
M A i R AR MR . RIS e R 4%
T R R AR R SRS, Gl i X PR 2R AT
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P, AREEIEATAR AL, A AR IR B R AT S A
R, e AT A0 R AR A A5 7 i P By 2l AL 2
AT 3K R ELVAT T SINETR,
HARAE 7 AR A S0 T R RE AL R A4
VERZEAS, A7 T — U
32 REKHPWHEKMEENRMAELHT
MASLIERHKTE, Foa KR 2B
HAEAN ) A I S8 SR B R4 1) A ORI 15

Ao, A AU H i, 7Esem e kAR L,

F22 4 CB. AC S| 1Y [ AC 41 AH L AT i 35 25 5,
ARMERER N, JeF AW, HAh A4 54
N AZZHZ W ERK2ZESARE, B AT
S BE A SR I A I 4258 4 TR A 1 A KR R
AR B, T 4238 5 im M K 1 A2 R
A3 1] —1.88%~14.24%F1-0.28%~14.67%., 5t
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Comparison of growth and survival of the hybrid and inbred families
in the golden shell color strain of Pacific oyster (Crassostrea gigas)

WANG Xuelei, LI Qi, KONG Lingfeng, YU Hong, YU Ruihai
The Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China

Abstract: The Pacific oyster (Crassostrea gigas) is one of the most important cultured bivalve species in the world.
Given that oysters with golden shell coloration are rarely seen in the market and are sold at much higher prices
than others, developing the golden shell line of C. gigas to have enhanced growth traits and survival rates is of
great consequence. A series of 3x3 diallel crosses of three full-sib inbreeding families in the golden shell color
strain of C. gigas of G2(A) with better growth performance and G19(B) and G28(C) with better growth and sur-
vival performance was conducted, including three inbreeding groups (AA, BB, CC) and six hybrid groups (AB,
AC, BA, BC, CA, CB). Growth performance, survival rate and heterosis were evaluated and compared at larval
and juvenile stages between different groups. The results showed that most of the hybrid groups presented better
growth performance and survival rate than their inbreeding groups at different stages. At the larval stage of day 5,
the larval shell height and shell length of all the hybrid groups were significantly greater than the inbreeding
groups (P<0.05). At days 10, 15 and 20, the shell height and shell length of the CB and BC groups were out-
standing: the differences between them and their corresponding inbreeding groups were significant (P<0.05), and
the heterosis was obvious. At day 10, the larval survival rate of CB was significantly greater than AA and
CA(P<0.05). The heterosis of larval shell height, shell length and survival rate among all hybrid groups were be-
tween 1.88% and 14.24%, 0.28% and 14.67% and 10.72% and 23.22%, respectively. At the juvenile stage, each
group also showed differences in growth and survival characteristics, and the three growth traits and survival rate
of hybrid groups showed different heterosis. At days 85 and 130, the shell height of hybrid group CB was greater
than the other experimental groups. The heterosis of the survival rate of AC, CA and CB groups showed a clear
trend to increase with age. At day 190, the juvenile survival rate of AC and BC was significantly greater than AA
and CC (P<0.05). The heterosis of the juvenile shell height, shell length, total weight and survival rate was be-
tween 11.04% and 9.42%, 11.59% and 13.98%, 3.85% and 27.99% and 3.60% and 12.63%, respectively. All re-
sults were consistent with those of the larval stage, showing bad constancy and balance. This result provides an
important basis for genetic improvement and better utilization of heterosis of the golden shell color strain of C.
gigas.
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