43 % 5 2 W)
2019 4F2 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 43, No. 2
Feb., 2019

X EHRS: 1000-0615(2019)02-0474-09

DOI: 10.11964/j£c.20180111134

7= B YR E F B 531 ME B AR (GXE)SIR 73 4

o, F #HY, kER
(1. B W 92505, WK 8 266003
29 SRS R M RS, WL S T IR AR, R s 266200)

BE: I BEXTe kR AN TeERPEKERYEEA 5 R T HEGE)E R,
FAERRITHELARBMRE R, MK AR KTE AL H AL F g KGR H#AATHRA. A
AaMRBAHEAMREMLE ST IIA R T A KA AEARKERFRTEERGESL IR
GXER I o & Fl & f& & M T T 3% BLUPK )it mm AL W AN R B M@, @
MBRREABFEEEMERFERRREZ. ERETx, LLAFRKAN T A KLY £ KA
=R R SRR, 4 B K (0.1440.08)~(0.62+0.18)F1(0.01£0.03)~(0.78+0.19), ¥ £ %
EREBN. WABRKRENE RN, FeBAMRRITEHNEKRT R EERYRE D
77(0.02£0.02)~(0.51£0.09), ¥ TH o 2R MK 2 K A TR E B, it
AP ROFHFAR/ERTERAE B RN, FREEIEITERSG. KRHFRF £ K
7o 8 MR A T AN R 1B B 3% AR A K A (—0.47+0.40)~(0.75+0.18), #H/NT08, R# %A
KHGEANEKTREERSEAAENERERE, TEKEY G RALETFEZE
TR ARBERFEETARNENRENETR R ZEFMEHL 200 MRER 2 RFE
PIERW, RAGIAG2IX T LR EXIH AR E N, TR ARGH G22F1G53¢ 5% &
BRI EEARFENE, RAGUAANTEEFLEENE. AR IR E KL SRR
HERBETEENS L RKE-

KEIA: KHYE; ma; EkMk, Reldhk;, AERBESTETHEGEKN; FHME

hESES: Q346; S968.3

K4 Wi (Crassostrea gigas) UFR K415
JEs i AR A Ry i . HARRERE, R
R mF I A T Z2AEE, e iy iR
LI E T R AT, KAt
Wit BA 280, ARKRETRIANEAE
(LER) PR AR T S)NELS S MY, PR
T, KA W55 2 R % Sk 1Y 22 5 DAY 5K
YRR, BEAREEWEE T, @i AN TEEA]
PIARAS B A ast 15 ol R AORY . B 20104F 1 iR ik
ITHESAMEREFY, difb ek, JFE
AR TR T, REARKMR, Wi
ARERE RO AZORKWET, KA

Wi HER: 2018-01-11 f&E HER: 2018-05-19

ERFRERRD: A

B E R T EE R
Btk o Z W, AT A — >
PE AR 09 26 A P 2 AL A AU 5 PR B 3 R 4 1 45
S, R AN [R) S5 DR AR RN OAS TR BR B R] %) 32 BOAE
BFR N Fk R 7Y 55 35 8% B AE (genotype by environ-
ment interactions, GXE)SUW. o GBI X 43R R
N AV HE RSO, RURE B0 R Y S TE A [R] B 4
T WAL I 2 H o AR, X ] BE 23 5 BUA [F 3R
BR it 1 VPG Ak B AR E AR R AP, EEHE
RN U] 2 i AN [] B 58 T 35 DA AR R 2 U A ]
AR A HE AN 23 T A Ok R v 6 PR AR Y GE
TR R, FEARERRAUR, X F A AR

EHMBIA: LR A R R A TR Q017LZGC009); 7 & 7™ M 8 7 tHRIBTH (17-3-3-64-nsh); %8 1L 2 3 Foll it 2 & X i H

BIEEE: ZH, E-mail: qili66@ouc.edu.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20180111134
http://www.scxuebao.cn

23 M, S S AR B R B 5 R AR (GEYRUN 43 A 475

M, PUt, fFEFMmA TSR, RS
B AR IR 5 R T )iz 0, X F
W A K PR B9 G ERR R B HF9E A HRE
Evans% "4 2440 & A 58 R SR A4, 7
BT K g5 % 55 A7 Y GBS, SwanZE!
Xof S5 5E AR IR KR 54N T B A o [ 4 T AR A 4 T
JL 5 R 43 BT T A 4t 5 AR o 1 R A N HE
RN, AR S ORI FH XUB 4% 58 B O 1 A i A 4
W A KR A O SRR EAE G R, AR
S0 7 €8 1 R 1) G0 A B 9 i oA DL 41

oo A% 26 P TG f 100 75 (BLUPYE ) A I 26 AL
RIEAE R, AT e IR BN L 3R R
DL K Bt AL A 8t A5 A, 4R T R ELAR T mT
SN, HAUKRSERBEEFT AL, EEFRE
L, Hil, IRESWEAIBLUPE FE L C #)
2N B S Y B Fhrh

NS ERUE N W NEE &N DR ¢ 2Nl
A KRR GERUY K &, FIHIR & 3h P il
BLUP: i € 4 H A 5 38 M 1 FLE 5 — e 256
BRI R R, e A58 5
it 38 B AT SR A ELS A

1 MBS L
1.1 HEEE

201646 H M I AR FL 1l 1 358 35 4 1 52 (46
O K i R Bk B (4l 1 . K/ — B &
HREAEREREN, FENEITA TR,
PERR & B RCAG , REE R RS DN, B A
YIRS BEAT 24, 2R F Comstock 25 1t <7 1) 1 [
WA A A A 5 0 S 5 30 B v K
WS e, FLEE ST 10421 [l i X &R F304~ 4 [l il
KFRo

1.2 #4hH8\. BEE5FMK

NG 6 UE B K R PMAE 100 LI R O
SR R AT A, AR T 2N KA,
k55 18 45 I 4E 20~30 /mL, b #5271 £ 23~24 °C,
Rrge it m R, ZHIE222h, EFE
DiE4h i, XN R R RITEL, EIRE
P4 BB 104N /mL, [RG5S RS R
TRRESVIR Iy vk, DI &) s i 5% 3] 5~6
A/mL, B E B 7R 1~24 /mL, & RF

Mo &k 1k, HoKkE N2, WIEAKHE, #
WL 3T i BR 45 W 42 ¥ (Isochrysis galbana) Rl i 3
(Platymonas sp.)o 415k & 2R 5 40 BB B,
W AR, HINAESAERI0JEEHRT
DUUE ML, 4 F AR TR DX TG BF AR 4 05 07 Ui &) B Y5 e
B, B2 R 2 i 2240 ARSI E T 97
B B MR, PRIEA BT — 5. 20174F
S WK AR A s s A

1.3 FEIFEEEF

AL HERE T2 UMM R 2
L1 B 58] (36.75°N,  121.65°F)Fll 7% il 2 3 1
(37.30°N, 122.59°E)([&I 1), L1l A Je 6 F
BRI ) IR X, R, ANV IR B A A
EM 25 FLILEEAEF KA 14.2 °C, 4B
BIER B 430, SEHpH M 8.0M, SFH U 0.5 m!'Y,
S 2 2.4 m' T 2R BB A I AT ST 34 K
H}12.95°C, SEEREE K32.2, pHNS.15™, JE
03 m, 7 80.7m",
L4 fEARME

ARKERANE  HORRAEL BRI
SR L, AR I8 e A KWK & .
2% FRRESFPI I, M LU I K AT 5 i 52
mLosef, SR, BE . SSHEMAE, KRR
UL AT AR (%)= H/ S x100,
oA AR A S M Brake S P T ik . R ALER LA
(ISA, %)=5¢ ¥& /5t F1x100; 5c I8 4B (ISB, %)=
Fe /58 %100,

INE R a1 € B o AWt v o9 23 B R
WK VE LTS, TN HRE Ry 6% 1 U S R 41 75 T
W2 h, KSR ERR R E Y, B
B g Ak Bt 1, i AL 58 52 48 (computer vision
system, CVS)ill & 72 {0, A R G H ARG |
BT BEAH AL LA B A 7 1 P15 A SR PR 2 A . R
FH2 B AR HE 65 Ds(6 500 K)KT WA g i — 114
JEUR, FCEAEREAR LR, SRR B 4w
FEREAS FIARML =5 1 & fa 450, f F e HEAH AL
(Nikon DROYRAER T EIMER, MHILZHXE: T3
B, JLEES.6, BOGRE1/10s, JoARfE,
TN, FFH S R, A REREN
3872x2 592, i NIPEGH ™, 3R I Photoshop
CSOR AR I TR A AR EI S . a. bIE,

http://www.scxuebao.cn


http://www.scxuebao.cn

476 KopE o R 43 45

N
38.5°
\r'J‘f:I NN 3
38.0° b/ i w
{\ Bohai ) _an
3 4 p - .
37.5° b A A adt.
=) 5 s
= E o i B ; -
2 o andong Peninsula
ﬁf\“ﬁ 37.0 /f\uﬂfr» ]
=S e &5
L ]
i A o RS
36.5° A i
""JP g‘ A Yellow Sea
Y
36.0° | -
|"f
= 4l
o
35.5° | . . . .
119° 120° 121° 122° 123° E
25
longitude

H1 FAWLERS)FIHERRC)FEN IR M S ERE

Fig.1 Locations of growout environments in Rushan (RS) and Rongcheng (RC)
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FEME 7E AW i R AR E W H AR PR B A 5
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Ai = Wiai + Waay; (7
K, wihsmWmadE, & X RH0.5U, ah
MK FE R B RE, WoRsE GLAR AL, &
SURO05U, ap BAS i se L& FhA

2 4k

21 AKMREeEMERERESITTE

AERN AR T T RIEIE ST WA (Y E78 )
THAERKMEOCHERSHAED F 2R
(P<0.05)(# 1), Hrp, FLilidl e A K 4E05 & R 5%
Lot KT, BE. RE. TE. LY
Y %8 T 2 4L (P<0.01), 1 2% 4L A
. ISA | ISBHIb* ¥ 1 3 & T3l b 4l (P<
0.05).

2.2 BE1EHFGXEX R
XIS EREE T 56 H K 405 & & 14 Rl
[R] — PR AR AS [R] 21 55 1] 19 352 45 A0 S E AT VAL o 45

=1

Rx, NEEEREE AR, LA ERM
FE AR 19 3815 77 4(0.1440.08)~(0.62+0.18), 7
BUZH 93545 7 4(0.0140.03)~(0.78+0.19), ZE 140
FoE . ok, . BE, oE., HE. HK
FMa*m i m TRLA, mELldISA .
ISB. L*Fib*Misttl J1 i T U o ¥ b s AE
RN, LMW TR, 5T
K. &%, BE, cE. WE. IhRE, TRl
FEHISA . ISB. L*. a*Hlb*1yistfL J1 5 5
0.33£0.11, 0.29+0.10., 0.22+0.08. 0.51+0.09 .
0.47+0.14. 0.28+0.06. 0.31+0.11. 0.02+0.02 .
0.28+0.05. 0.08+0.04. 0.45+0.14F10.36+0.12, K&
ISAFIL* [R5 4% T4 FARAKT A1, At fR 35
& 135 R R KT (322).

P FRIFEBUSA . ISB. L*, a*Fb*A[FFR
555 18] ) 388 1% 40 56 43 3] 4 0.09+0.28 . 0.75+0.18 .
0.66+0.20, 0.75+0.14. 0.72+0.14. 0.74+0.15 .
0.5240.24. —0.47+0.40, —0.23+0.70, —0.09+
0.38. 0.02+0.30£10.25+0.30, ¥J/NT0.8, T77EH]
(1 GXERIUN (#22)

AMRE TR KHFRAEKMTEMRRESY

Tab.1 Phenotypic parameters of growth and shell color related traits in strains of

the white shell C. gigas in two environments

PER Fal RS B RC
trait FERZUA WAME WRE  BME bR BRARR RS WME WX BE ez R R
no. minimum  maximum  mean SD cr no. minimum  maximum  mean SD crv

7% Fi/mm 446 29.43 74.95 53.05 8.25 15.56 487 23.85 65.94 39.61 691 17.44
shell height
7 /mm 446 12.11 57.08 3339 592 17.73 487 13.19 43.26 27.81 549 19.76
shell length
F¢ 9% /mm 446 7.88 69.43 16.58 4.47 2699 487 1.12 28.48 13.47 3.07 2278
shell width
BH/g 446 5.31 36.25 1449 499 3446 487 1.73 20.08 7.53 336 4458
total weight
FH/g 444 3.44 29.93 10.65 3.85  36.15 485 1.17 13.49 516 228 4425
shell weight
R H/g 438 0.33 13.12 391 1.80  46.06 485 0.24 6.94 2.38 1.27 5321
meat weight
H R/ % 438 1.79 71.02 26.83 722 2691 485 6.96 67.73 31.03 7.65 24.66
meat ratio
FRPEHAY% 446 0.12 1.36 032 009 2833 487 0.03 0.68 035 008 22.19
ISA
FAFEHB/% 446 0.21 1.08 0.64 0.13 2044 487 0.37 1.05 0.71 0.11 15.98
ISB
L 429 4535 73.02 63.63 3.60 5.66 438 34.44 76.70 60.50 4.87 8.05
a 429 -3.23 0.87 -2.26 047 -20.92 438 -4.90 -1.35 -2.86 0.53 -18.56
b 429 -12.01 11.54 -4.67 331  -70.87 438 -15.88 11.65 -4.06 3.71 -91.46
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Tab.2 Genetic parameters of growth and shell color related traits in strains of

the white shell C. gigas in two environments

%1 heritabilities (SE)

RAEMISE  genetic correlation

K:szij: Al e AL+ R R AL ZE -+ R 4R
RS RC RS+RC RS+RC
Fefm/mm  shell height 0.55+0.16 0.57+0.16 0.33+0.11 0.09+0.28
FK/mm  shell length 0.24+0.11 0.48+0.15 0.29+0.10 0.75+0.18
7% /mm  shell width 0.23+0.10 0.39+0.13 0.22+0.08 0.66+0.20
ME/g  total weight 0.53+0.16 0.75+0.18 0.51+0.09 0.75+0.14
FoE/g  shell weight 0.46+0.15 0.66+0.17 0.47+0.14 0.72+0.14
R E/g meat weight 0.50£0.16 0.76+0.18 0.28+0.06 0.74+0.15
HA%/% meat ratio 0.30+0.12 0.52+0.16 0.310.11 0.52+0.24
FHIEHA/%  ISA 0.14+0.08 0.08+0.05 0.020.02 ~0.47+0.40
FHIEHB/% ISB 0.40+0.14 0.01+0.03 0.28+0.05 -0.230.70
L 0.21+0.39 0.18+0.09 0.08+0.04 —0.09+0.38
a 0.62+0.18 0.78+0.19 0.45+0.14 0.02+0.30
b 0.56+0.17 0.43+0.15 0.360.12 0.25+0.30

2.3 ZEEBMENTEM

i i BPER B YA R BLUPIL A 152 K
FRWE s R SCE AL HE A I 2009 25 5 B M E
(3%3). FLILALZE T AEHEA 2009 F A
Hr, 90%MH) MMAK IR T K RG1(45%) . G2(25%)
G21(20%), X T o, 85%H MR TR
£G4(35%). G2(20%). G22(15%)F1G5(15%),
P R85 2 H AU 25% A R R I8 F A TR B R &
G2(20%)F1G1(5%)(#3).

3 iR

X TR EAR, AR AU PR A B Y
FEAE, T FL 2 B AR A R T A BRBE 1 Z5 A R
B AR AW . FREE . RUR FVE R K
AR ZE S, NI G R K A 5 A A K AR TS 4
PEIR 22 5B, i URPREE I 22 RE 10
M) [77] — g R 760 bR 19 A S 22 A 43, T 5 T
b W 35 4% J1 0 PEAE . DégremontSE P 5T A
B, FRGHTE T R 34 b A 5 1) 4R 5
Bk SLis A% T3 AN, 43 312490.07+0.07 . 0.11+0.08
F10.15+0.08, Evans " PEAL T K 45 78 5 [ 1
Fra- S AR A = m ) XGRAE T, e
0.130~0.569F10.218~0.554, 2= 424 D47 58 T A1F
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L 1L v R s ] B e SRS ) R K A W 35k A
A1 W NARR, FLlie sk iy % 58 0.28~
0.55, JyrbnastAL Sy, e e 2 1 SR 1 38 % 7 e
W, 0.34~0.63, JEmEEE T . AR S ZE
o, 78 7L 1L S R Sk 2N A TR BR B T 1 7 1 K
R A KRN S R R R AL AN TR, 4 R
(0.1420.08)~(0.62+0.18)F1(0.0120.03)~(0.78+0.19),
AR, ek, . BRE. EHE. K
& R RR M s AE Iy TR, miFLigd
ISA. ISB. L*MIb*istft Iy Tokmdl, vfgfs
eI ROBE BN o (H, Ot AE 1 o B O
W, ROERON A Sk & JEf = A m ), A
W58 LAAS [R) PR 858 O [ 8 007, 28 6 PN IR
B 1 A K R ST a MEIR Y 38 4% R (0.02+0.02)~
(0.51£0.09), BRISAFIL* {5845 J1 4 F KK
Ab, HABHIR 0 35 L 38 S s K. AR
H Tl e 2R R K, FEEEARL
JOF (375 ) R B 07 AN i 3 O RIS R R 650 )
JEROERL, AR R 5 B AR R AR PR, F B
A5 35t 4% T3 Ak T O e

X TR AW A= K AR GRER N B RFSE, BN
SN HGE, (B RAIAFE ., SwanEU R T
F BEAE BRI WS4 b it A9 K 5 6 T 114 38t 44 A
K, BT — A E R — BRI S, B
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Tab.3 Ranks of comprehensive breeding values of the white shell C. gigas in two environments

Py Al RS R RC
rank %'y HAME IEEES 9y AME PR %
ID EBV family ID EBV family
1 RS_133 6.28 G2 RC_494 6.88 G22
2 RS_115 6.15 Gl RC_122 5.36 G2
3 RS_113 6.00 Gl RC_204 5.01 G5
4 RS_137 5.98 G2 RC_177 4.92 G4
5 RS_108 5.67 Gl RC_190 4.71 G4
6 RS_118 5.64 Gl RC_178 4.71 G4
7 RS_474 5.48 G21 RC_114 4.47 G2
8 RS_152 5.45 G3 RC_535 4.39 G25
9 RS_112 5.42 Gl RC_219 4.39 G5
10 RS_150 5.39 G3 RC_196 4.09 G4
11 RS_103 5.32 Gl RC_112 4.03 G2
12 RS_132 5.28 G2 RC_488 3.93 G22
13 RS_470 5.28 G21 RC_109 3.78 Gl
14 RS_465 5.26 G21 RC_174 3.73 G4
15 RS_135 5.11 G2 RC_517 3.73 G25
16 RS_146 5.10 G2 RC_193 3.70 G4
17 RS_129 497 Gl RC_508 3.67 G22
18 RS_130 497 Gl RC_181 3.65 G4
19 RS_476 4.94 G21 RC_116 3.61 G2
20 RS_128 4.94 Gl RC_212 3.60 G5

b R 1] B 38 A5 4H O 40.81~0.97, T HERL W A fiL
. Evans%E ™ X KTV P9 A6 4 N 7] Ml X
5 A IOk N A I SE B,k B G ERK N AR
SR AR O R R 2% F15% . SR,
Langdon®5 RGBT AH R 5 &R 76 A4S [5) 37 58 31 55
(1) 7= g A S ARAAIR B AN A 56, 778 B B 1Y) GXERL
N ARESEEURE T A m R B Az B -
B H AR i, M —EREE L AERON Ty 2 R
() A R 3537 %0 AR5 o A A RN 3 £ P AR A T
A P58 ] 119 35 4% FH 2 R (—0.47+0.40)~(0.75+0.18),
B/hF0.8, AW RGERK MG
PR AR AT B 0 F RO B R AR AT I P
TORA] S R AR 1 22 5%, sk R, — 4
FE Y B8 25 S op — BB L TR R L X 5 Ah— S 3 ]
BIEAAHERAZERS, BFRRME, M2 R

Mk, ARG, GXERLR ALY, ABT
TR SR A A B 2R, FLlgs
RS AR B KR R, KRR, ATRE= AR T
BEMGRER . Ik, DA KA @ik e
PR A5 5 R LT B ARe, 75 ZE XA R
FEAEHEEARENENEET R R

fEsT AR AL 5 RIEE SR, e m AT
SRR R EENE TR, A 2|
HEMIEZG AR T AR, fE R A K4
Widh ZREFH WS HHGEEE L, R
d, LI LE A E FMEHES w200 FAAS A,
90% M MR IR T K R G1(45%) . G2(25%) M
G21(20%), TixF T2 M4, 85%FM MM IR T %
ZG4(35%). G2(20%). G22(15%)HIG5(15%).
FHRHSON, PAFREE L A AU 25% 194K 5
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Genotype by environment (GXE) interaction for growth and shell color traits in
the white-shell strain of Pacific oyster (Crassostrea gigas)

XING De', LIQi"*, ZHANG Jingxiao'
(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes,

Qingdao National Laboratory for Marine Science and Technology, Qingdao 266200, China)

Abstract: The purpose of the present study is to reveal the genotype by environment (GXE) interactions on growth
and shell color traits in the white-shell strain of Pacific oyster (Crassostrea gigas). The specimens of the white
shell strain of C. gigas under six-generation of selection as parents were used to construct full-sib families
following the method of nested design. All families were divided into two batches and grown in two environments,
Rushan and Rongcheng. Linear mixed model and REML method based on an animal model were applied to
estimate genetic parameters of white shell C. gigas at the age of 11 months. The best linear unbaised prediction
(BLUP) method was used to estimate breeding values for shell height and L*, and superior families were selected
based on comprehensive estimated breeding values. The results showed that heritabilities for growth and shell
color traits in Rushan ranged from 0.14+0.08 to 0.62+0.18, while these were different in Rongcheng, varying from
0.01£0.03 to 0.78+0.19, which indicated that GXE interactions might be present as scale effects. After integrating
the data in two different environments, heritabilities for growth and shell color traits ranged from 0.02+0.02 to
0.51+0.09. However, the estimates of heritabilities might be over-estimated because maternal/common
environmental effects and dominance effects were included in the estimation model due to absence of some
families and convergence problem. Genetic correlations for all growth and shell color traits between two
environments, ranging from —0.47+0.40 to 0.75+0.18, were less than 0.8. This suggested that GXE interactions in
the form of re-ranking of families across environments was apparent. It will be necessary to select lines that are
suited to particular sites. The top 20 offspring in the rank of comprehensive estimated breeding values derived
from different families in two different environments, indicating that the different families performed differently
across the different rearing sites. The families G1 and G21 performed better in Rushan area, while the G4, G22 and
G5 were most excellent families in Rongcheng area, and familiy G2 had high adaptability to both sites. The
information obtained in this study will benefit genetic improvement of the white shell strain of C. gigas.
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