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Heterosis and combining ability of reciprocal hybrids between “Haida No.1” strain
and orange shell line of the Pacific oyster (Crassostrea gigas)
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Abstract The Pacific oyster (Crassostrea gigas) which originated from East Asia, has been a dominant commercial species
in northern China. However, frequent summer mass mortality in farming areas has severely restricted the development of
oyster aquaculture. In order to develop a new strain of C. gigas with fast growth and high survival traits, intra-specific
hybridization was carried out using the “Haida No. 1” strain (H) and orange shell line (O) which were successively mass
selected for 11 and 8 generations, respectively. The heterosis for growth and survival at larval and grow-out stages were
assessed among two purebred groups HH[H(Q)>H(J)] and OO[O(Q)>0(J)] and two reciprocal hybrids HO[H(Q)>0(Z)] and
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OH[O(Q)>H(3)]. On day 20, the mid-parent heterosis for survival of hybrid groups was 58.03%. Compared to HH groups, the
survival rate of HO and OH increased by 31.48% and 35.80%, respectively. On day 360, the growth among four groups
followed the order OH>HO>HH>0O0, the mid-parent heterosis for shell height and living weight of reciprocal hybrids were
24.65% and 46.02%, respectively. Compared to HH groups, the shell height and living weight of OH group on day 360
increased by 23.51% and 39.60%, respectively. Two hybrid groups also exhibited high heterosis in survival, the mid-parent
heterosis Mr1 and high-parent heterosis Huo, Hon were 68.31%, 40.29% and 53.96%, respectively. As male parent, the “Haida
No.1” strain exhibited negative value for general combining ability in survival on day 180. However, the general combining
ability was positive when the “Haida No.1” strain was employed as parent at other stages, which indicated the “Haida No.1”
strain can be chosen as an excellent parental strain for crossbreeding with other lines of C. gigas. The values of special
combining ability for growth and survival of OH group were higher than those of HO group. This suggested the progeny with
higher heterosis could be obtained by using the “Haida No.1” strain as male parent and orange shell line as female parent.

Key words Crassostrea gigas; survival; heterosis; hybridization; combining ability
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13EMBEERFN
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K13 HH[H(?)>H(3)]. 0O0[0(F)>0(d)]- HO[H(?)*O(F)]+ OH[O(R)xH()IWUA LA . 44 sL k2l
VR E 3IANEE. MG, KBSAZREINE~ZE 100 L BEHF, REEKIE 24 C, #HaAamtb. 25
24 h J5, {HH 300 HIRZU %40 D X4 T 100 L RO MEmh it — 08 E, WELREFE RN 2~-3 4
/mL.
HRIEF I BOKIRIRFRE 23~24°C, FEan<, HHREMSHAK 1R, HBKEHN 13~1/2. 4HH
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ffiH SPSS 23.0 Hfhxf RAEIE AT R 2 7 Z /- T A 2 . Tukey RASIR /04T, BEMEZERKTH
P<0.05,
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RO, B R AR A BE LAY
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21 IR APHRBER, FEMEMPHLEE

1 H¥EEr, HO 4H(75.38 pm) > OH £H(72.40 pm) > HH #H.(69.64 pm) > 00 41(68.23 pm), HO 2111
FeEEE KT 00 #H(P<0.05) (£ 1) o REZHAFFEBMILS Mery mERHE Huo M How 705K
7.18%. 8.24%A 3.96%. 10 H#&&H;, HO #1(163.11 pm)E & /T HAl =N 4 (P<0.05), 4438 2H 4% Ff
A Me A 19.36%. 20 H#ESRF, 24324110 5% & 0 . 3% % 5 (P<0.05), HO 41(303.66 pm) > OH 41
(298.45 pm), HO 45 % KT HH #41(284.46 pm) (P<0.05). Z<3SZHHIZ4FHAL S Mei N 6.91%, el
5 Hpo M1 Hon 43 7 N 6.75%F1 4.92% .

5 HEEHT, HO 47715 3 (93.67%) &2 = T 00 4111735 % (88.00%) (P<0.05) (% 1). OH &M
H 4 Fl 5 % (Hon: -0.72%). 10 HEE K, HAHAFAIERHE F%, OH 41(89.00%) % T HO 41
(86.33%), =AM EREEmT HLAMAEHE(P<0.05). K HBLMMA Mers FsEMRHA Huo Al
How 78 1N 16.37%. 15.11%F1 18.67%. 20 H#E K, HO Al OH HIAIEREE & T 00 HM HH
4H(HO: 71.00%, OH: 73.33%, HH: 54.00%, OO: 37.33%) (P<0.05). Z%2C4HMIZ«FhiL# M A
58.03%, fEsRHLH Huo A How 43 7l 9 31.48%#1 35.80% .

FL PSR ISR A7

Tab. 1 Shell height and survival rate of four experimental groups at larval stage

" A5 ffiE)/d  time
24 parameters A
group day 1 day 5 day 10 day 15 day 20
SeE/um HH 69.64 + 4,53b¢ 76.90 + 5.89b¢ 132.53 £10.77° 186.27 £21.75b 284.46 + 17.08%
shell height
HO 75.38 £6.97° 90.02 +9.08* 163.11 + 18.402 205.06 +20.06° 303.66 +22.952
OH 72.40 + 5.89 78.55 + 4.85> 145.21 £ 9.50° 200.73 +22.60? 298.45 +27.08%
00 68.23 +3.41° 72.64 +4.78° 125.72 +10.43¢ 177.31 £ 15.72° 278.72 +£17.15¢
M, 7.18 12.73 19.36 11.61 6.91
Huo 8.24 17.07 23.01 10.09 6.75
Hou 3.96 2.15 9.52 7.76 4.92
% HH 93.00 + 3.61% 75.00 £ 1.73° 62.00 £5.21° 54.00 + 11.53°
survival rate
HO - 93.67 +£2.08* 86.33 +3.06* 81.33 £0.57* 71.00 + 4.58*
OH - 92.33 £2.08% 89..00 £ 1.00? 81.67 £2.51* 73.33 £4.51*
00 - 88.00 £ 2.65° 75.67 £ 4.16° 41.67 £4.16° 37.33 £2.52¢
My - 2.76 16.37 57.23 58.03
Huo - 0.72 15.11 31.18 31.48
Hon - -0.72 18.67 31.72 35.80

E: BRBEI ERRARNE TP RERRZREE (P<0.05) o TH

Notes: different lowercase letter superscripts on the same columns indicate significant difference (P < 0.05), the same below

22 ONEREAHIRFERNBEERK., FERERHES

90 H¥EKS, HZZH 00 HI5E/(47.20 mm) i F K T HAth =~ 58 2H (P<0.05), #4840 76 =y A P ke
# Mr1 Huo M1 How 2 1N 27.12%. 2.78%#1 3.28%. 270 H#dH:, 4:%41 HO. OH & & T HRA
HH. OO(P<0.05), Jx*Z#H OH(97.12 mm){. 3 K+ 1EAZ 4 HO(98.13 mm) (P<0.05). 360 H#dHf, P44
SEUG2H 5 2 5 B 35 (P<0.05), MK EINA OHSHO>HH>00. Z4FhfL# M A 24.65%, 2%
T A A Huo: 6.72%F1 Hon: 23.50% (32, % 3) .

90 HiHs, HAZ4 OO0 IR (24.06 g)f FAK T HAh = /N4 (P<0.05), W22 IR H Z Fh
. (Mr1: 28.70%, Huo: 8.62%, Hon: 8.01%). IEX4L HO(38.25 g)i T /3241l OH(38.04 g). 270
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HESw, R HIMINTE Me A 54.57%, DUANSL50 40 190 B 2% 7 12 35 (P<0.05), S ARIEHA:
OH>HO>HH>00. 360 H#i, HO(61.17 g)fl OH(67.65 g)& & =T HH(48.46 g)#il 00(39.76 g)
(P<0.05), 3243821 s B4 3543 ) /2 Hiuo: 26.23%, Hown: 39.60%(% 2, % 3).

180 H W&, PU/SSLEE 4 8] A7 35 26 00 18 3 1 % % (P>0.05) o [ 22 2H 1 4% A2 2H 1~ 38 A7 35 2 43 il N
HH: 92.33%. HO: 93.33%. OH: 93.00%#1 00: 92.33%, Z:AZZHZ<FHLH Mr. EEH Huo A1
Hon 73724 0.92%. 1.08%#1 0.72%. 360 H#LH, OO ZHA71% % (34.67%) . # Ik T FHAth = 2H (P<0.05).
OH 2177 % (71.33%) it & /& T HO 4H(65.00%) (P<0.05), ZA8ZHZ&FL# Mers SRR H Huo A1 How
4354 68.31%. 40.29%7F1 53.96%(F£ 2, % 3).

F2 PUASEBGZAAE DU SRR i W AT R

Tab. 2 Shell height, living weight and survival rate of four experimental groups at juvenile and adult stage

ZH 255 FFIE)/d  time

parameter group day 90 day 180 day 270 day 360

% f/mm HH 76.00 = 6.28° 80.38 £ 6.60° 85.58 = 4.96° 91.95 +11.93°

shell height HO 78.12 + 9,58 82.11 + 6.34% 9335+ 6.34° 98.13 + 9.88°
OH 78.50 + 8.612 86.82 + 6.04° 97.12 % 6.04° 113.57 £10.92¢
00 4720+ 12.90° 55.06 = 9.32¢ 65.83 = 10.38¢ 77.88 + 10.80¢

/g HH 352245910 41.85+6.05° 48.35 = 7.69¢ 48.46 + 10.52¢

living weight HO 3825+ 5.842 4827 + 5.98 57.97 + 6.445 61.17+ 10.10b
OH 38.04 = 3.840 51.18 4+ 5.928 62.95 = 6.86° 67.65 = 7.01°
00 24.06 + 5.10¢ 25.88 + 8.39¢ 29.88 + 4.46¢ 39.76 + 8.64¢

TG R % HH - 92.33+5.03% 72.67 +2.52° 46.33 £3.51°

survival rate HO - 93.33 + 2,08 85.67 + 0.58° 65.00 + 2.00°
OH - 93.00 + 2.00° 87.67 + 3.06° 7133 +1.520
00 - 9233 +0.57° 63.33 % 3.06° 34.67+3.21¢

3 PUASSEIGAAE VORI e m . SR BRI 3R A A AL 3

Tab. 3 Heterosis for shell height, living weight and survival rate of four experimental groups at juvenile and adult stage

¥ Pyl Fif [E/d time
parameter heterosis day 90 day 180 day 270 day 360
7 E/mm My 27.12 24.73 25.79 24.65
shell height Huo 278 2.16 9.08 6.72
Hon 3.28 8.02 13.48 2351
/g Mr 28.70 46.83 54.57 46.02
living weight Huo 8.62 15.34 19.90 26.23
Hon 8.01 2231 30.19 39.60
TEER % M - 0.90 27.45 68.31
survival rate Huo - 1.08 17.89 40.29
Hon - 0.72 20.64 53.96

23 ANKERAFTBE KM EBRES DD

T 5 I AR P W A (B2 m AR ) VS R B MR . Rk, AR ST 3 B A RE I
Je 5 R BE e i VR B RS AR IEAT R & 2 0 Mo % S IR A HE DL R 7R BB B 7w R B 1K —
B 1 (GCA)VRIRFER AL A 71 (SCA) NAE IR 4 Fiom. K4 “WK 1 57 fENEARN, H—KiKEE
JIRARAE S RN IEAE o A5 5288 RAE N SEAR K — R & N EH R N B . 90 Hik
i, OH 411 5% s A 3 I RR IR L & 0 38ONAE 5 o 8.42 FI 4.27, HO 41 5% i AV 58 IR RR SR L & 70
N 4> 5N 8.05 AT 4.06. 7E 180~360 H A HF, OH 4lHIHFREC & /12Nl KT HO 4, 5 OH 4K
FE 5B E KT HO MR R IAE — 3.

180 HUEEHF, A4ty “H K 1 57 fENIARP—MEC A J1 RN AR 51 {A (-8.00), HRBYBAE R
A ) B B I — A RN (1.72~8.94) (R 4) o T KALEFSER G R R 180 HEdAh, HAhR
AR Mo AS Iy e — T B 70 280 8 AE 4 AR oA F 48 (-8.94~-1.72) » 1 22 S AL 7E AN [R] H S B R R ic & 0
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ANE, HEAZEDI N OH H>HO 2H. 180 HEAK, HO MIEFERALE S BN AE N 2.80, HEEA H I A

O W)— Mg & IR NAE 43 )~ 8.00. 8.00, OH HINFHREC & 12N AE A 1.20. 270 H LA 360 H# 1,

HO 41 AR R AL & RN ABE 2/ T OH 4, OH 4 BIA7 3% Rk B & /1 80N Al 23 i v 10.17. 16.85.
LAV R DT K 5% AR K IR & 0 08

Tab. 4 Combining ability for growth-related traits of four experimental groups at juvenile and adult stage

PEIR R Sk 415 IF/d time
trait combining ability parent group day 90 day 180 day 270 day 360
72 /mm — A KA H 1.79 1.07 1.01 1.09
shell height general combining ability sire 0 -1.79 1.07 101 -1.09
{5 ¥N H 1.30 9.71 5.10 5.92
dam 0 -1.30 -9.71 -5.10 -5.92
ERR7 =Wl - HO 8.05 7.02 7.81 2.70
specific combining ability _ OH 8.42 9.57 11.54 17.85
/g — A 7 A H 4.48 1.27 1.04 3.10
living weight general combining ability sire 0 448 127 -1.04 310
REA H 6.17 3.30 1.78 9.51
dam 0 -6.17 -3.30 -1.78 -9.51
ERR7 =Wl - HO 4.06 6.40 8.13 6.79
specific combining ability _ OH 427 9.8 13.08 13.15
FEEHR% — A KA H - -8.00 7.62 8.94
survival rate general combining ability sire 0 _ $.00 762 -8.94
REA H - 8.00 447 1.72
dam 0 - -8.00 -4.47 172
ERR7 =Wl - HO - 2.80 8.20 10.58
specific combining ability _ OH ~ 1.20 10.17 16.85

24 ZRFRMFBMHIR

360 H#gHS, MPUASSZIGZH b &R HLPkE 500 RAetuG gt e tatiik. H 22524 OH il HO B3¢
YR B, B AR & 3T R Gt . Az b OO0 44 WA ) A2 A5 5e 2 N ali i (o,
HH AT BARI K EORFEE G, REA (B WO AIRER . &8 74838 1 000 2
(HO #1 OH % 500 H) . Hr, 684 W (68.4%) 4t/ 7 L H 4L 7t (R E O RHEE
) ; 4 316 R (31.6%) HWinAFREAE HH HAME, AFRBENKEORFERG, RiOE
(B WREAMMPR %S (BR D .
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BT KAEWE “HR 157 o eldh R R R TR FE bR
1o KALW; “BR157 WAME: 20 Kewizesm &g 30 e rhRERMS “IBR1S57 MRMERKAME: 4~5 BT
A8 T A

Plate I Shell color of the "Haida No.1" line, the orange-shell line and two reciprocal hybrids

1. the “Haida No.1” line of the Pacific oyster; 2. the orange-shell line of the Pacific oyster; 3. the hybrids with the same shell phenotype as
the “Haida No.1” line; 4-5. the hybrids with purple shell color

3itie

3.1 ZEF{E R

AR B ) 7 2 R R F S K P S s AL B R B R L. ALK A R 157
11 fRIEE RMFEES 8 RIEHE RANFEABITUIIRAL, FAT AL ALK R B2 14705 24
FifR A, 4R51E 360 HESHS, OH 4MIfEiGE HH AL TiF 25%. Ma ZEM8 4R ¢ 7 i o Bk
[) 2% 32 W] LA 5 RE AL (C. sikamea) FAR BUAFIE MR, L 5 IR AT B8 2 A2 A8 P 17 28 AR B Ak rp 5 17 3 A
KBt E SRR R IAL, RIS 2 R0EE 15 R AT 4238 LLS A AR IR ol )11 9
AW B, Han SR KA W25 6 TSR 2B 7 AR BR RS LARFT AN RET 3X3 5%
EXHNAAE, RIS FH M ARG 7B AN AMARNERER. 28R meriEts)sE,
TR AR — e I BRI R, X TRIKB T ERNIREES MRS, R AE
B AR ECEG Jon i A By 14 I

AW TE R 4458 A5 Je AR 8 T AR A AR 35, 59V B DL PRI 7 B AR AL L0, SO
AN SEARFER A K MR AT 2 AR E Ik B ARG AT R, SEARBRA R 547151 % 1) 58 R A s ]
B8 LA BRI 2 S R BN DY PN S SR AR IR A A, L AR R B 1) KN e T S AR ) R AR
BWCFT, EARME M ZERBOR, PEAR R AT REROCRO, ghal, ARFRH HO A 7E4h ISR
KT OH 4H, fHFiFFRMET OH 4. mAaEMIE, OH A FEEEMAEKEET HO. XA IERAHZ
[F) RIS [ (IR A AT AE T /2 A ushh 2 4545 2 4105 (C. angulate) PR g7 i DU, ] e /2 22 3
PN IE R . BE R . SR A RN B E AR A N R A A T R R i RN A RN,
“UEK 157 RSN TR AR B & T WSEAR, RS M RAEK S E Fhod 72 v [H
FEEA MM AR,
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R EAHE LB SRR L E M 2 CEE, nlil I B A 10T R S 28 AR K 2k AR B
FAE VP 22 AR 7T Pl g K 157 1 o A FLUE F R A7 35 2R 0 — S & RSB ¥ R IE
HHRE, RH BGR 157 ERRLERTGE A SRR EEES A, HimEaEREm
FRANE. MR, KEWFRES R —RECA I ATE, WTRRENZS RNIERL R, 8L ZHEER
KB, UL GCA BN EMET “WRK 157 o HMENEFFMM B, HH 411 GCA %M KT 00 41,
M OH VR E . T AAFIER SCA MNAEY KT HO 2H. X &g DK A 4 i ) 28 & RN A7 0 MR 32 21
T R 2 R0 DR R 2 A, T A 2R Y BE AT RE R 2 52 BRI R & (SCA)Y IR m B, R E
Fod e, AT UARYE GCA BUMNAEM K/ANEBMR B LA, W SCA RMAE M K /ANEFEMHRAZ T
B, AT, KW “HWR 157 1 GCA MMNAE KT 5/ R GCA RUMNAE; EIRFHEM B
JaiH, OH HAKMAFIHN SCA MR KN, JfH OH HEE & &M EMEK MM E . Kk, LA
Khtll “WR 157 ARXA, U7k RAREARIAT AT SR R HE -
33BEDM

Hig b, AKWERFEESS . BAESLRENES, B THERERDEER, % HR/NEARR
PR DR N DR AN 95 A B2 0 A T 5 B 7 EASE IO, R, DN R EES AT, S E AR AR AT
A6 S HEAT R 4L, il Zhang 25U Kong ZEUSh A6 K MO0 HEAT 0 ¥ 1g i, K6 1735 Bl kAT 1F
RZ A EHEATE A HES G IR A B ZAST RIS L. BhAh, RN E I N KR AR $ A
WL & CAORAIE B s 1) 1E A J 5 2255 1 o

4.451¢

FURKCALSG U5k 157 Sah 5 KAL I 7 M i Rt 47 58 40 AI 0 5e, BL A T-ARTE &) s 0119 2 K
REEIR T H 22 0. 2R U360 IS, OH MIfH T3R5 8k 53.96%. UL “HK 1
BN, FUEKREE R GCA MR R, HEUUR TR B, OH 4104 KA 1735
SCA MBHEHITE T HO L. 4324 i e KA HE IR S IE & A1 OB, BRI WKk 1 27 fERR
K FMRAE N REA N OH AL B A IR AL, AT 35 MR P 0 (.
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