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Tab. 1 Phenotypic parameters of growth and survival traitsin the rapid-growth strain of the orange
shell Crassostrea gigasin three sea area environments

CES 5% 1= /mm shell height M /g living weight 5% survival rate

family — #[1l] RS # 5% HD R RC A1 RS # % HD R RC F1l RS # 5 HD R RC
Gl 45.64+8.07°  4832+631° 47.75+£3.53" 14.28+4.79" 14.17+4.80° 15.28+3.35° 0.51+0.04*  0.53+0.02°  0.33+0.05°
G2 63.93£6.69"  70.82+8.73°  67.09£10.64™ 32.28+10.65" 29.51+5.63" 24.34+8.11° 0.73£0.03"  0.68+0.03"  0.71+0.01°
G3  61.70£12.99* 62.21+5.36"  52.30£9.10° 29.93+12.45° 19.17+4.52° 19.38+6.04° 0.61£0.08"  0.62+0.04"  0.58+0.06"
G4 57.38+8.84°  57.50+7.72°  52.45£10.38" 23.76+6.97° 18.81+4.40° 18.69+6.12° 0.63£0.04"  0.62£0.02°  0.48+0.04
G5  60.77+11.64* 62.54£7.79*  60.22+11.17* 21.11£8.02* 21.91+5.23" 19.28+6.54° 0.60+0.04°  0.66+0.03"*  0.64+0.02°
G6  59.15£13.39° 59.75£9.50°  54.06+6.45" 22.38+9.78" 22.03+8.02° 16.42+£3.57° 0.66+0.02°  0.70+0.02°  0.60+0.04°
G7  62.96£9.68"  55.07+7.07° 55.58+9.57° 23.53+9.35" 18.76+5.02° 15.34+5.11° 0.73+0.02°  0.69+0.04°  0.68+0.04"
G8  59.74+5.44*  67.00£7.97° 57.09+9.08° 22.89+5.24" 26.19+6.10° 18.09+£6.58° 0.71+0.05"® 0.75+0.03*  0.63+0.02°
GY9  59.45£6.83"  49.95:6.37°  47.53£7.60° 26.64+6.09° 17.01£5.17° 14.28+3.36° 0.70£0.02°  0.49+0.08"  0.43+0.05
G10  51.95:11.64" 60.43£9.35"  55.23+7.87" 16.37+6.84" 24.80+7.16° 18.13£6.69" 0.46+0.06"  0.70£0.02°  0.68+0.03"
G11  57.32+8.06°  55.83+3.59"°  51.28+5.38" 22.08+6.60° 20.24+4.30° 13.84+3.17° 0.61£0.04*  0.64+£0.02°  0.45+0.04°
G12  58.99+9.15%  49.89+4.33°  59.90+10.02" 24.41+8.20° 19.25£6.43° 19.26+5.82° 0.62+0.02°  0.39£0.06°  0.65+0.03"
G13  58.75+9.05°  51.7243.55°  52.81£7.15° 18.79+6.44" 18.32+£2.29" 15.65+4.31° 0.64+£0.04*  0.45£0.06°  0.52+0.05*
G14 48.39+9.50™ 53.00+7.43" 47.91£6.17° 14.79+6.98" 18.28+5.47"° 15.59+2.81" 0.52+0.05 0.63£0.02*  0.47+0.07°
G15  62.65+8.41°  59.15+7.18® 56.71£8.97° 31.03+10.69* 24.37+£5.30° 20.06+6.39° 0.64+£0.02°  0.69+£0.03*  0.65+0.04*
G16  60.74+7.40°  65.60+8.67°  60.75+8.46" 27.03+7.31° 27.28+8.19° 20.66+5.35° 0.74+£0.02°  0.69+£0.04*  0.70+0.06*
G17  63.54+9.44™  6491£10.02" 59.21+6.18° 24.30+6.13"  21.39+6.95® 19.53+4.53* 0.64+0.03"  0.66£0.03"  0.56+0.03"
GI18 56.21£10.65" 56.34+6.70°  53.13£9.98" 21.29+8.59"  18.15+4.58" 18.76+4.89" 0.68+0.05" 0.71£0.02°  0.62+0.03"
G19  66.96+9.29°  57.31£1031° 61.28+6.94° 25.87+6.28" 21.82+£7.12° 18.65+4.29° 0.60+0.04*  0.59+0.05*  0.71+0.01°
G20  59.28+9.28"  54.41+6.02° 47.95+4.71° 22.81+8.73" 17.14+£3.43° 12.4242.78° 0.62+0.07*  0.54+£0.03*  0.34+0.02°
G21  59.11+7.24°  63.63£7.44° 52.81+6.18 21.58+5.40" 21.82+6.82° 15.10+4.89" 0.65£0.06°  0.73£0.03"  0.68+0.02°
G22  59.01+7.29"  62.68+8.54"  57.62+8.62° 23.43+7.80° 20.67£5.00" 17.19+5.42° 0.65£0.01*°  0.68+£0.04*  0.65+0.03"
G23  71.28+9.61*°  63.55+10.46° 54.89+6.66° 30.68+8.58" 25.70+£6.84° 15.67+3.33° 0.73£0.03*  0.69+£0.03*  0.69+0.04*
G24  63.54+9.44*  60.31£9.07°  60.16£7.45" 24.3+6.13°  23.06£7.27° 18.67+4.74° 0.66£0.02* 0.70+£0.02°  0.63+0.04°
G25  59.92+10.63" 66.68£12.89° 52.20£8.45° 23.59+8.17"  25.94+9.09" 14.87+4.85° 0.75+0.03"  0.73£0.03"  0.53+0.06"
G26  54.11£6.90"  64.00£8.68°  50.03£6.55" 18.30+4.90" 23.43+6.44° 14.28+5.47° 0.51£0.06°  0.55£0.05"  0.46+0.09"
G27  62.33+8.53"  58.10£10.16" 60.56£7.31* 23.84+7.13" 19.28+4.65° 19.54+4.69° 0.69£0.03*  0.67+0.02°  0.55+0.03°
G28  49.21+7.68"  61.99+12.86° 52.25+£10.24" 18.17+7.72° 20.27+4.33* 14.01£4.27° 0.47£0.04*  0.58+£0.05*  0.56+0.09*
F-HE

average

E: B FREAFRRIER R X —HRAE 3 NG XA 22 5 0 2 M (P<0.05). e i 850(E A I it (o o 25

Note: RS: Rushan; RC: Rongcheng; HD: Huangdao. Different shoulder letters indicated that this trait of a family was significantly different

among the three sea areas (P<0.05). The values in the table are measured values + standard deviation.

®2 INMBRIETHERKHEGRRERKNEETERNEESH
Tab. 2 Genetic parametersof growth and survival traitsin the rapid-growth strain of the orange
shell Crassostrea gigasin three sea area environments

59.07+10.54  59.38+9.93 55.03£9.32 23.19+8.87  24.05+£7.76 17.25£5.64  0.63+0.08 0.63+0.09 0.57+0.11

184£ 71 heritability B genetic correlation
FEAR trait Al 8 gl LB TULEE FLURR SRR
RS HD RC RS+HD+RC RS+HD RS+RC HD+RC
5= /mm shell height 0.62+0.13 0.80+0.14 0.63+0.13 0.36+0.08 0.32+0.19 0.63+0.14 0.62+0.14
7&K /mm shell length 0.42+0.11 0.330.09 0.38+0.10 0.23+0.06 0.55+0.18 0.80+0.10 0.64+0.15
5¢%%/mm shell width 0.37£0.10 0.32+0.09 0.18+0.07 0.18+0.05 0.66+0.16 0.68+0.16 0.88+0.12
M /g total weight 0.59+0.13 0.6620.13 0.43%0.11 0.310.07 0.62+0.14 0.53+0.16 0.49+0.17
FEE % /% survival rate 0.16+0.07 0.07+0.05 0.07+0.04 0.04+0.02 -0.69+0.71  —0.52+0.67  —0.63+0.75

Note: RS: Rushan; RC: Rongcheng; HD: huangdao.
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Tab. 3 Ranks of comprehensive breeding values of the rapid-growth strain

of the orange shell Crassostrea gigasin three sea area environments

AHES FLili RS B 5 HD S RC
rank 45 ID HHME EBV KA family %% ID FFH EBV X% family %% ID B EBV K& family
1 RS_680 13.18 G23 HD 741 16.98 G25 RC_050 10.68 G2
2 RS_060 10.68 G2 HD 479 13.94 G23 RC_051 9.93 G2
3 RS_685 10.48 G23 HD_499 11.61 G17 RC_058 8.93 G2
4 RS_668 10.26 G23 HD 038 11.34 G2 RC_045 8.27 G2
5 RS 422 9.96 Gl4 HD 733 11.09 G25 RC_055 8.25 G2
6 RS_064 9.80 G3 HD 035 10.30 G2 RC_054 8.01 G2
7 RS 423 9.44 Gl15 HD 746 10.20 G25 RC_040 7.63 G2
8 RS 542 9.32 G19 HD 055 10.06 G2 RC_059 7.61 G2
9 RS_080 9.24 G3 HD 037 10.00 G2 RC_052 7.54 G2
10 RS 061 9.12 G3 HD 236 9.44 G8 RC_041 7.19 G2
11 RS 570 8.84 G19 HD_060 9.41 G2 RC_056 6.85 G2
12 RS 449 8.56 Gl15 HD 050 9.40 G2 RC_360 6.74 Gl12
13 RS 055 8.49 G2 HD 039 9.19 G2 RC_043 6.65 G2
14 RS 674 8.16 G23 HD_ 684 9.14 G23 RC_460 6.62 Gl6
15 RS_664 8.07 G23 HD 754 9.10 G26 RC_141 6.61 G5
16 RS_669 7.95 G23 HD 052 9.02 G2 RC_464 6.54 Gl16
17 RS 477 7.70 Gl16 HD 682 8.70 G23 RC_053 6.38 G2
18 RS 666 7.70 G23 HD 480 8.46 G24 RC 128 6.35 G4
19 RS 728 7.38 G25 HD_ 685 8.39 G23 RC_570 6.29 G19
20 RS_686 7.30 G23 HD 239 8.35 G8 RC_044 6.25 G2

Note: RS: Rushan; RC: Rongcheng; HD: huangdao.
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Analysis of the interaction effect between genotype and environment
(G x E) in the rapid-growth strain of the orange shell Pacific oyster
Crassostrea gigas
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Abstract: To analyze the genotype-environment (GXE) interaction effects on the growth and survival traits of a
rapid-growth strain of Crassostrea gigas, 28 full-sib families were constructed, and each family was divided into
three groups, which were cultured in the Rushan, Rongcheng, and Huangdao Sea areas. The heritability and GXE
effects on the growth and survival traits of 12-month-old C. gigas were estimated using a two-trait animal model
and the REML method. The BLUP breeding value estimation method was used to comprehensively weigh the
breeding values for shell height, body weight, and survival traits to screen for universal breeding materials. The
results showed that the shell phenotypes of the strains found in the Rushan and Huangdao Sea areas were
significantly better than those of the Rongcheng Sea area, which were more suitable for aquaculture. The
heritability of growth and survival traits in the Rushan, Rongcheng, and Huangdao Sea areas were 0.16-0.62,
0.07-0.80, and 0.07-0.63, respectively. A scale effect was observed; however, in addition to the heritability of
survival traits, they were all medium-high heritability and had good breeding potential. Therefore, the breeding
effect was improved using the breeding value estimation method. Survival traits are mainly affected by
environmental factors and can be directly selected based on the phenotype. Considering the different sea areas as
fixed effects, the heritability of growth and survival traits, calculated by combining the three environments was
0.04-0.31. The decrease in comprehensive heritability indicated that environmental differences affected
heritability assessment. In addition, the genetic correlation of the selected target traits between the two sea areas
was less than 0.8, which indicated a significant GXE effect. Therefore, environmental factors must be considered
comprehensively during breeding. By comparing the comprehensive breeding values, it was found that family G25
showed special adaptability to the Rushan Sea area, family G16 had special adaptability to the Rongcheng Sea area,
and family G23 showed adaptability to the Rushan and Huangdao Sea areas, all of which showed significant gene
rearrangement effects. Family G2 was found to have universal adaptability to the three sea area. The results
obtained in this study provide an important reference for breeding a rapid-growth strain of the orange shell C. gigas.

Key words. Crassostrea gigas; orange shell; family selection; genetic parameter; genotype by environment (GXE)
interaction; breeding value
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