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1.1 FEICRERREH

T AR B g SO X, S8 E A
(B B pufis ) B 56 EAL RN . 2 DUAET &)
W s B A BRA A B R T SR e
1.2 LBt RZE

S g DAHRARE T E R A AR A b
BE, 2005 56 E AR AR AR A5 IR T 2528, DA
Rt rh G PR A5 MR AT RER N 28
B, 3845 4 DSCged, Bl B A% {A41 (2 nC) (3£
E AR (2 nA) a8 TAGIAL (2 nH) TSR
SAEAA (3 nH) , R ILER 1,

F1 KEWHHR EWMBEERLZIWIRT
Tab.1 The design of cross for Crassostrea gigas
oysters with two different geographic stocks
from China and America

A FEKAY  SREKAEE SRE K
parents SAER(8C) ZARIR(S A) PUEAR(S A)
j;iqj;ﬂf) 2 nC 2 nH 3 nH
A R DR A ROT, R

BRE T R FASE, S %50, I
NG B 4 M & B IGO0 K L S DL (4% 30
AS) TR ST I TCE B A ORI g, R T
KA1 h 5, 55 B2, RSB RPN
A, ORS OF 32 0KG , i T o A g 10 9 AL A P g
fbo LI REL 3 K.
1.3 4 mRKHENESR

ZHEIN A 24 h EH 2 DB A, &kt )G,
T80 L (Il , %N 8 ~ 10 ~/mL, &
H A riK, &) fUp B w4 3, fE DL BOR &
PR AN/ NEREE (12 1) o B H LS4 W5 4y A Je
DU A RORDL . BB /KR 21 C,
1.4 HiENE

SiitupEes D 438 D B4 /N, Gt
3.6.9.12 15 H &4 #1140 110,200 H & HE DI
FIFFIE R, 4 3.6.9.12 .15 .18 HiRH
Seim HE DU 40 H 585,110 H e s ook &
200 H #&HE D52 Fe K FERAR T i
1.5 ZZ=fFEMEENE

SO i ) L R v, W) BB OE DL 6 4 21

1.5 mLELLE 1, A DAPL 9864 1 mL, 28
PG A= 5 , i A0 B, ] Partec PA TT 3 X
AL (FCM) X 55 DL AT A . 40 ok %
HEDNEEF R B 438 =541 D B4 Al
HE DL A SR Z SO AT A A I, B A AR ) 2
DU I f bk 1 7
1.6 ZEMABER=ZFEEABZNHE

i H% FR v 26 P REIR K A W5 2% 22 — ik
T 2 Fh b #4 %, & I FALCONER % ° fii Jf]
W5, H(% ) =[ (F, =P) x100]/P
KHp, Fi—2538 AR IR MR 0 S 35948, P—F5
] 192 [ AR AR IR AL IR A~ M

F Td% 32 — A5 AR5, B

Td% =[ (A, —A, ) x100]/A,
K, Ay 2% 28 =A% R 7 AR 7 2,
A, A AR R TF AR
1.7 HiEAE

S LIS IE + bRifE 22 (mean £ SD) 3
7, K Excell fEI], SPSS 13. 0 i 84251741
B A PR, AN 7] 2 56 20 () £5040 19 L R I R
KoM, 25 BBV E g P <0.05,

2 4

2.1 BIREDHERK D EHhBEKN
SR IR D 42 K D 4 RO/
2078, 2 nH DR 75 T 2 nC 4 (P <
0.05) W& T 2 nA 4, 225 A E (P >0.05) %
Fx2 BILWHAMRE.D HE.DEHRK/N
PEEBREMABF=EERB
Tab.2 Comparison of cleavaged oocyte,survival to

D-stage and D shaped length of different groups,
heterosis , advantage of triploidy of them

g VAF LYE N 7Y
s (£SD,%) (£SD,%)  ( +SD,pum)
experimental .
cleavaged survival to D shaped
group
oocyte D-stage length
2 nC 57.63 +2.80" 74.70 £2.64° 80.53 +1.48"
2 nA 88.99 £9.79% 86.67 +7.64° 75.27 +3.08"
2 nH 92.25 £6.63° 77.34+2.85° 79.73 £2.08°
3 nH 77.69 = 6.67° 65.81 £3.29* 83.87 £2.62°
H% 25.84 -4.15 2.35
Td% -15.78 -14.91 5.19

TE [ rh A MR F B RN 2 R A R (P >0.05) , BA AW
FREFHFEREE (P <0.05)

Notes: The same letters in each row mean no significant difference( P >
0.05) ,the different letters in each row mean significant difference ( P <
0.05).
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HEAE N 25.84% , 3 nH £ IPZR /T2 nH 4]
(P<0.05), 2 nH 41713 nH 21 D %R 6 L
He#. 78 D LR/ NT T ,2 nH 4L A28
2.35% ,3 nH /) =500 5.19%
2.2 HHmMEKSER

4 RIE- KA e H AR R RG L = 4EK
HH GRS Y T A KA Rk
3, FEEL AR ,2 nC 40 .2 nA 41 .2 nH 201
3 nH 4178 77 Ui 80 04 AR 1 BE 43 5 o (14 30 =
1.02) . (11.87 +1.50) ., (13. 64 = 1.37) A
(14.23 +1.83) pm/d, A KBS ,2 nH

R3 HHAPEIWHELS R

2PN 1.07% ,3 nH 4] = 5K R
F4.32% . 1E3 HiBET,2 nH 415 2 nC 41 .2 nA
HEFARE(P>0.05) , R A AR L
MM 6 HIRIT 44,2 nH 20 i 28 Rl L A BT i K
$70.22% ~2.87% . 3 nH 4L M 3 H 1G5 —
BRI SRR, H0.35% ~9.07% , =45k
HRLE 3 HibmH i, A TRIEgh B, =%
AR A AT . 4R 2 nH 4058 5
AR Z RN, 21% ,3 nH 41744 =
FEARRFE N 4.00% o

EEEREMAE ZFELE

Tab.3 Shell height,heterosis and advantage of triploidy of larvae for the experimental groups during planktonic period

S e i H %/ (d) age of larvae

experimental group 3 6 9 12 15 18
2 nC 92.67 +3.41% 116.17 £5.83*  151.17 £5.97°  195.33 £15.53°  252.67 £20.50" 307.17 =18. 74"
2 nA 94.83 4. 64° 114.33 £5.53*  140.33 £7.87%  182.17 £15.68" 238.00 £19.90° 272.83 +27.09°
2 nH 93.67 3. 70" 116.83 £5.65*  148.00 £5.19°  189.17 £9.11™  248.67 +24.46™ 298.33 +24.22°
3 nH 102.17 +£5.20° 123.00 £3.62° 152,17 +7.51°  189.83 £15.06° 250.33 £25.12° 315.67 £32.69°
H% -0.09 1.37 1.54 0.22 1.36 2.87
Td% 9.07 5.28 2.82 0.35 0.67 5.81

S BA MR TR R ZR A BE (P>0.05)  HA AR TFHEEZRBHE(P<0.05),

Notes; The same letters in each row mean no significant difference( P >0.05) ,the different letters in each row mean significant difference( P <

0.05).

Y kA& LI L) kG A AR =
fERAR S 4 U A S 2H Ay HUFE TS R4 SR A
4. 3 HIRHS,2 nH 41801 3 nH 4LI0FFTE %5 2
nC 4 2 nA {HESAEE(P>0.05);2 nH 4
P 17 0 2 A 3 3 nHL 4 1 =A% A AR B
B, 911.07% . B 6 HiGIFIG,2 nH 411735 51
FFPRF BRI R A AR ER A
AL R 2 B KA, N 4. 54% ~

*4

67.35% . M9 HIEH4H,2 nH 7715 % 2 nC
MG (P >0.05) , (HE E8ET 2 nA 41 (P <
0.05), 3 nH ZHAFIGRAEA HI 5 T 2 nH 4,
12 Hig, 22 7 B 3% (P <0.05) , = f5 R {L#
R K 11.07% ~35.75% , T il
K 35.75% , Gy 2 nH 417705 2R 1 - 15 24
R 34.47% ,3 nH 4173 =5 IEL %N
19.92% |

PHPRXBANRFER EMAE ZEEAE

Tab.4 Survival,heterosis and advantage of triploidy of larvae for the experimental groups during planktonic period

G i %/ (d) age of larvae
experimental group 3 6 9 12 15
2 nC 97.51 £16.11° 74.83 £9.09* 61.22 +11.78° 58.96 +£10.39° 55.78 +4.71°
2 nA 87.01 £10.11* 69.61 +2.32% 42.84 +10.11* 20.08 +4.02* 19.68 £1.84*
2 nH 88.08 +25.35" 75.50 £24.05% 74.35 +8.64% 64.06 £17.27° 63.14 +6.29°
3 nH 97.83 =11.11*% 88.77 £3.53% 87.86 +4.15°¢ 86.96 £9.41° 73.91 £6.79°
H% —4.53 4.54 42.90 62.10 67.35
Td% 11.07 17.58 18.17 35.75 17.06

T« [F3 AT AR 1 R 25 AN 35 (P > 0. 05) , BATAR ] 7 B 22 5 .35 (P <0.05) .

Notes; The same letters in each row mean no significant difference( P >0.05) ,the different letters in each row mean significant difference( P <

0.05).
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2.3 MNMEKSER

B IR AE N A KK AP AR
B BLEAMIN SN S P, 40 H
14,2 nHA W7 m B ERF 2 nC 4l .2 nA 4{(P <
0.05) , 2R #54h 35.10% ., 3 nH 2 1)7¢ 5
FERT 2 nHH(P<0.05), ZfE L3RR
17.71% , 110 H A 2 nH 055 e Kk KT
2 nC41 2 nA 4, HiR KT 2 nA 41(P <0.05),
3nH 52 KT 2 nH 41 (P <0.05), 200 H %
2 nHAM T E R ERT 2 nA H(P<0.05), B3
JINF2nC 4 (P <0.05),3 nH 41 8 %75 F 2 nH
(P <0.05), 2 nH 47K BE/NF 2 nC 41,25

HARBFE(P>0.05) , HEFKF 2 nA 4(P<
0.05) . FE % M4 5 &5 J5 i, 2 nH 411 2 nC 41,
2 nAg1 R AR (P >0.05),3 nH 41 . % kKF
2nC 241 .2 nA 4 (P <0.05), 2 nH &M EFEHR
AOZR R A 3 nH ZH i =R A FE B Ok
Wit 25 HE DL A A2 2 nHL 24 (10 Z i 3% 5 IR A1
a3, H 3.75% ~35.10% . 3 nH 411 =5k
RRRA W LT R NIT.71% ~
202.96% , HMEDL 2 nH 20 5% & A KA SF 2 28 Rl
PR 20.39% ,3 nH 41 FH = R5IR DL HR R
30.18% .

RS BIWARNERKER EMLE ZEERE
Tab.5 Growth traits,heterosis and advantage of triploidy of spats for experimental groups at days 40,110 and 200

HEDLH#%/(d) age of spats

SR 40 110 200
experimental group e/ (i) 725/ (mm) 75K/ (mm) 527/ (mm) 5¢,K/ (mm) 5/ (g)

shell height shell height shell length shell height shell length weight

2 nC 5.03 £1.19° 15.79 £5.20° 11.34 +3.64° 28.09 +5. 34¢ 19.52 £3.96° 3.51 +1.73%

2 nA 3.50 +£0.58% 11.72 +2.72° 9.04 +2.74% 20.52 £6.27° 15.55 +3.66° 2.35 +1.45°

2 nH 5.76 £0.68° 16.81 £4.99° 12.46 £3.90° 25.23 +4.96° 18.20 £3.57° 3.04 +1.83"

3 nH 6.78 +0.70¢ 19.80 +4.94° 15.07 +5.14° 39.12 +6.78¢ 24.70 £4.33¢ 9.21 +3.85"
H% 35.10 22.23 22.33 3.83 3.79 3.75
Td% 17.71 17.79 20.95 55.05 35.71 202.96

T S BA M R OR 225 AN B35 (P >0.05) , HA AR PRy 22 5+ B35 (P <0.05) ¢

Notes: The same letters in each row mean no significant difference( P >0.05) ,the different letters in each row mean significant difference( P <

0.05).

BRI AR W 8 A R R AR A4S RAE
B I ALHE DA A IE R A K6 AE40 H

R6 BLRAMRNGFEER . ZMAB . ZEEMLE
Tab.6 Survival,heterosis and advantage of triploidy of
spats for the experimental groups during outdoor period

S HEDUH I/ (d)
experimental age of spats

group 40 110 200

2 nC 81.25+0.34°> 9.50+0.21¢  3.17 £0.04¢
2 nA 39.45 £0.42°  1.40 £0.08*  0.22 +0.02"
2 nH 87.81 £0.55° 3.47+0.11°  1.25+0.08°
3 nH 90.65 £0.38¢  6.47 £0.28°  2.17 +0.10°
H% 45. 50 -36.33 -26.25
Td% 3.23 86. 46 73.60

T A8 h BAT AR IR 7 B3R 22 5 A B3 (P >0..05) , A A TA]
FhEH %R BE(P<0.05).,

Notes: The same letters in each row mean no significant difference
(P>0.05), the different letters in each row mean significant
difference( P <0.05).

HEET,2 nH 2013 nH 4138 3 K F2 nC 4] 2 nA
H(P<0.05) HEEAEKKT , RCHMHFER
W R, B2 /NF 2 nC 41 (P <0.05), 40 H
2 nH 4L H 24 Fp 3y 45. 50% |, T 4E 110
1200 Hi% 2 nH 2412 30 2R HEDLI
3 nHAMWEISRE S T2 nH 4, EA R B =145
P (3. 23% ~73.60% ), HMEDL 2 nH 417715
FHPEE AL 3 —5.69% ,3 nH 1)1
SRR R 54.43%

3 whe

HE 2 S B AR R DU AR A AR A 3R A = A
e ARRE R — Rk Be b AR RS U
PRI SCHE ™ E 100% [ =514, X M7 ik i Al 15
PEE AR LT Th A3 BIUESE " o AR W4 38 7 1
1 R R, FLRE KBS AR 7= =ik 5
o S AR — R, 2R SARATH I = A A A R

http : // www. scxuebao. cn



54 AL, S R B R R S [ R A SO 5 = A A A3 679

RS 2438 AR IR T K
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GUO %5 W5 26 N 005 i 28 18] 24 58 =A% 1K, 4
R A K I AR AR R 88% ~190% , HAE —
I, Ze B0 B B 2R KA . RS i
TR A LR W5 = A5 AR T T, A Ry = A A D1 2k
PA R BE PR P o v, HA B i A KA
GUO % SR FHK 105 DU A5 A R — (AR 252 (14 75
HERAG A = AR, 25 JAE S A 5 = A5 Ak 4 Bt K
MEDU R AR I B R TF A5 AR . ARSI 25 R BR
Kb 2 sz = AR A 4l sty R DL 77 0% M A K5
00T 0 R ZH S 2458 —ASAR A, 6B IE 1 =
FEARAL S, 3F GUO 25 RIFSE 25 5 — B, A h
HeA8 AR R A KA R R D 2R 508 HA AR
SRR REVE T, JLOE SR (9 7R B RE 9 17 2 BT
FE DU SRR B R, wT AR s ol e,
X SR UL BT 4 et e — AN E B 1)
A8 AT AR 5 1 3 o A K AR B 7 A T R
GUO %A (1 = A5 1A B 2 56, BIDL 2K 1
KEBT AR, oMb EE LT 021
YR, (0 T e = FMEEAILTR , 20 B A BR 38 R T 45 o
A, AT T35 = AR 38 K

HAE AR IR 3 A2 5 AR AR Y, AR S G v HL
AR AAEE TR R, 2238 F M
AT R SR A B0EE, 2R L
S 7 R A AR SR B Aok TR e
GBI Z AT, 22 F Bk EE R R
AR AR S Y e AR B R
FER A A B R AR i R TR
T A R E N 4 38 S AR AR W A 5T LA
WG RS 4 S AR ARG JE £, R 1 P E K A4
WG AR A5 2 K A5 DU A A 2 A e i
DI, s am by B 22 2 F R E SR BT
ZY L AR TR f S5 [ R R A A K
AR i R A P S [ R N
RPN AR A = A X /NAR 2 L DL R
E AR D TR T 2458, 2438 FARKE T /A
el T AT MR 3 T A R A R R
FE AP L I, - LA A i oA AS ) R ] 7 2% 58 35
e W N [P 9 R P O N ML e 2 N
RAEAE K 57 T B0 B R, )X/ bk et

FIALE DUASAE A% PR S B 45 SRAN — B (I AN e
524 U8 WA () by IR R 1) 2 58 = AR LI 1Y
KPR = A5 AN, 25 5 2 R AL 35 BTk
PRI G PRI A M SR B L 258 — B A%
LB FRBUBAE AT, BIr L2838 = A5 Al AR
R, A ROC AR ZF LS B R, (15
LRIt — YL, WS JE T S5 T B 5 T

PITEBFITIESE T 2R R A ST Rl A = A5
B IR DL . Sk E B E AR
FRGE 25 1 P RE A DL 2SI P BB 4L 45, A 52
JEAAEAE R AT T Pt L7 A 5 T L
KRS UL AT 2 3 BUAR A M E A2 75 i i
SAMAE R, RS AR SRR
AR AR A3 A S i i >R R I
PR A 155 5 [ DU AR (AR W 4 7 A [ 3t B
PRIBI AR SE , AEAE KA G T 1T, TIESE T R A A58 =
TR RA =R . s = A S AN T
U ZARREORA L, A 1 BB A T4k PR
PR S B 3 T BER] REXT SH B 3 i i) 1
TR T AR R ST AR SRR
T NI T5 Gt — P AR H BRAR A AR5 42
ARMRDURA Ik S AR BT
g DL TRFE MY A S () — A AT R B 2T . H
B = AB AL C W Uk, (R A= 7™ b i 0 B o
AR SRR o G 2SS R = AR AT A4, 3R
RN AL =Rl RE e i AR T MO %, BRA
R R R 5. BV ENES ik & 258
BRI AG VR T Bl A LS, nTBE AT LA 3 i 2
AT BT iR A . AR AR PR LR =
TR F T 2858 =AU 1 Tk A 5 2L
PR s [F) o X 2 58 = A IRBR A KRk 2z
SN, AnB i R b PR SRR 5 | A T A
P4 e s BER AR Y B P i i XA
WERIRITTE , o 45 Je 3o HAt SR 5 DL S A AT 52 Fie 11K
FERHFLRL

R B T 2 A RO A 3] 4 v 4
,ﬁ“#i%%)rl ,%igf%&wﬁ#\;&}é\% > ﬁi‘;"%:i]—]zﬁ
A A R TN R AR 5

S 3 :

CU] W] REBEAR. LW T AR Sk e [ T]. 7T
FLEICF AR ,2004,24(1) .78 - 84.

(2] BIRR, RS, £k, 5. 257 D27 A vt
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Heterosis and triploid advantage between Chinese and
American populations of Pacific oysters( Crassostrea gigas)

KONG Jing' , WANG Zhao-ping'* , LIU Jian', YU Rui-hai',
ZHANG Yue-huan', LI Xiao-yu®, LI Ya-lin®, GUO Xi-ming’
(1. Fisheries College ,Ocean University of China,Qingdao 266003, China;
2. Qingdao Laodong Aquaculture Breeding Company ,Qingdao 266003, China;
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Abstract; The Pacific oyster Crassostrea gigas is a major aquaculture species in China and around the
world. A serious problem in Pacific oyster farming is the occurrence of summer mortalities. Heavy summer
mortalities have been observed in cultured Pacific oysters in US,China and France. While the causes for the
summer mortality are not well understood. The production and use of triploid oysters may help to reduce
summer mortalities. The goal of this study is to determine if heterosis exists between US and China
populations of the Pacific oyster and if the interstrain hybrid triploids have greatly improved performance
compared to diploids. Hybrid crosses of Pacific oysters between diploids from China and diploids as well as
tetraploids from America were conducted. Four groups were produced:Chinese diploid @ X Chinese diploid
& ,American diploid @ X American diploid & , Chinese diploid @ x American diploid & and Chinese
diploid ? X American tetraploid & . Heterosis and triploid advantage of experimental groups were studied for
traits such as fertilization and hatching success, survival, larval and juvenile growth. Our results show that
heterosis in diploid hybrid progeny varied among traits and developmental stages:1.21% for larval growth,
34.47% for larval survival and 20.39% for juvenile growth. The triploid advantage was significant for all
traits and stages,except D larval size (5. 19% ) and larval growth (4. 00% ). Triploid advantages for larval
survival larval growth and juvenile survival were 19.92% ,30. 18% and 54. 43 % ,respectively. The highest
triploid advantage (202.96% ) was observed in wet weight of juveniles at Day 200. Heterosis and the triploid
advantage were stronger at juvenile stages than at larvae stages. Our results suggest that the hybrid triploid
Pacific oysters between Chinese diploid females and American tetraploid males have greatly improved growth
and survival compared to all diploid groups. Production of triploids through interstrain crossing may be the
best way for producing triploids for aquaculture. However, at Day 200 when the triploid advantage was
202.96% in growth and 73. 6% in survival, the diploid heterosis was only 3. 75% and - 26. 25% ,
respectively. This finding suggests that the superior performance of the triploids may not be caused by the
same heterosis observed in diploids. It is possible that heterosis in triploids is different from heterosis in
diploids. We did not have pure-line triploids as controls in this study. Further studies are needed to determine
to what degree that heterosis contributes to the superior performance of hybrid triploids.
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