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Tab.1 Paternal general combining ability of fast-growing and high survival strain of S. maximus at the different growth stages

6 9 12 15 6 9 12 15
FGl1 16.0449 21.6675 17.9957 22.0228 6.9503 21.5940 8.8183 1.9140
FG2 —4.0847 1.1817 7.6704 7.3343 —18.1969 —4.2599 0.2568 -1.7165
FG3 -5.8678 —8.9363 —4.2730 —6.5946 -20.2183 —5.6082 -1.7997 -0.9914
FG4 7.1572 —4.9876 —9.0841 —-12.1600 17.2443 -17.3137 —6.9359 —0.4545
FG5 —-12.7034 —8.6602 —-12.8014 -10.5279 14.0457 5.5004 -0.0770 1.1750
HS1 -5.9536 -5.3980 —-13.4730 —0.4433 —-8.6247 11.4597 -3.4578 0.6703
HS2 14.6004 22.7825 16.4043 1.7216 -5.1623 -8.8361 5.8229 1.1969
HS3 —6.1990 —18.9430 —7.1253 —4.4866 3.8526 -5.5510 1.8245 0.8916
HS4 2.6365 5.0127 1.3489 1.1673 0.7304 6.6196 -0.6960 1.6067
HS5 —4.7401 —2.3403 2.3071 1.8374 8.7171 -3.7538 -3.2882 —4.3383

x2 AEHREBEEKFKRFONBRNIFERAM)EFRAERABMEMNEA—RES HMNE

Tab.2 Maternal general combining ability of fast-growing and high survival strain of S. maximus at the different growth stages

6 9 12 15 6 9 12 15
FGl1 5.8660 4.5085 —1.6365 11.5966 -4.3874 0.0782 -3.9691 3.1855
FG2 -3.4131 -0.6117 —-12.9409 -2.3941 -5.9352 —14.7848 -0.5161 -1.9138
FG3 1.7731 3.6371 —14.1048 8.3071 15.7465 5.6778 -3.6469 0.3126
FG4 5.5044 10.6858 27.3713 -3.4952 —24.5954 7.9692 7.2845 0.9648
FG5 -9.9279 —-18.0144 0.9333 —-13.2363 20.0553 1.2926 0.6426 -2.7738
HS1 24.9062 37.4062 51.1506 33.4897 35.4734 8.6309 2.5992 5.0860
HS2 0.6533 9.5423 7.0650 3.3388 6.5687 —12.6445 2.4297 -5.5314
HS3 7.0366 —8.1435 —7.0037 —-7.8056 -30.0421 4.6267 -2.5916 2.2273
HS4 -3.2729 —14.6195 —-19.1913 —-13.8971 16.0855 -5.7199 —1.1156 —0.3944
HS5 -29.1730 —22.6055 -31.8023 -16.3974 -26.2561 5.3901 —-1.0368 -1.7144
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Tab.3 Special combining ability of fast-growing and high survival strain of S. maximus at the different growth stages

6 9 12 15 6 9 12 15
FG19xHS1J 30.5570 21.7341 48.1552 47.3956 62.4346 28.6030 17.2189 7.2779
FG19xHS2J —19.8093 —13.0884 —11.8886 —11.3227 -59.3209 0.1694 -1.4977 -1.2075
FG19xHS3J 7.6994 10.0307 15.7096 13.5314 —44.6689 -14.6773 -0.6794 -3.8707
FG19xHS44 21.6500 15.0013 9.5484 7.2095 -3.3872 -17.2171 —-1.3944 —0.8505
FG19xHS58 4.2963 —-13.0063 0.2710 —4.1398 40.6347 1.3679 —6.4500 0.1492
FG29xHS1J -13.7770 40.0430 -12.8318 —5.2346 -23.2107 22.7898 -5.6197 5.1568
FG29xHS2J -3.7807 21.1199 19.0965 16.2075 28.0890 —6.9937 —-10.2338 —-1.4041
FG29xHS3J -36.2544 -44.5607 —42.7741 —40.1602 58.4532 -4.6592 5.4336 3.6141
FG29xHS4J 5.0718 —12.3898 —17.7620 —12.6334 —54.8233 5.5577 —4.0496 -2.7372

FG29@xHS58 5.3575 —4.3409 —8.7084 —8.7379 —7.10388 -16.5235 10.5383 —4.8612
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6 9 12 15 6 9 12 15
FG39xHS13 —43.5894 ~14.6026  -19.0022  -16.7782 8.3723 223123 -1.5244  —12.1203
FG39xHS2J -21.6166 —23.1378 —24.5083 -20.5110 9.5253 5.4142 19.7754 1.1467
FG39xHS3J 44.2532 1.5685 27.9390 31.7921 —4.7576 27.8281 —6.1563 4.9668
FG39xHS4J 11.2962 18.4916 15.8721 9.7559 6.2455 —15.2405 -5.1086 5.8560
FG39xHS5J 9.6050 —2.3258 -1.3150 —4.8719 —19.4068 3.4561 —6.2384 -1.2299
FG49xHS1J 22.6346 -20.9808 —14.5955 —29.0151 —64.9864 —1.0476 13.5005 —4.9658
FG49xHS2J 38.0694 14.4607 20.9239 14.2903 —7.4877 —0.4284 4.2677 6.6293
FG49xHS3J -19.7265 4.4394 -11.8630 —9.4245 -3.5416 -14.9130 —4.6592 —2.9853
FG49xHS4J —23.3495 -13.0112 -1.7116 6.1963 49.1789 11.5728 -5.9405 -1.6017
FG49xHS5J —17.0611 15.0204 7.0532 17.2503 26.0855 4.3295 —6.1161 2.9792
FG59xHS1J 4.6980 —5.4625 —1.4778 2.8780 13.7947 —0.5050 —16.6087 6.4161
FG59xHS2J 7.7777 1.4786 —4.4288 1.0192 28.7196 -28.7725 -12.1966 —5.0396
FG59xHS3J 3.8792 7.2822 9.8439 5.4557 -3.7776 4.5962 7.0070 -1.9912
FG59xHS4J -15.0218 —7.3758 —6.2063 —10.7688 3.6955 15.2659 14.7766 -2.3671
FG59xH53 -2.0571 4.4835 2.4055 1.4674 —41.4961 8.4845 4.5737 2.8966
FG1J4xHS19Q —8.3572 -20.0832 —0.6386 -12.6718 —7.6531 -26.9532 3.5691 2.5879
FG1J4xHS29Q 3.6844 17.5250 14.8581 10.9105 -30.5499 -1.7519 12.1522 2.8113
FG1J4xHS39 12.3232 —61.4615 39.4142 22.5885 -2.5106 26.4641 -3.6669 -9.2779
FG1J4*xHS49Q —22.7601 -34.1670 —38.7238 -2.2376 42.7091 -32.8368 —8.1932 0.2903
FG1J4xHS59 14.9938 9.4072 —14.0627 —18.5076 -2.2936 36.2985 -2.9058 4.0429
FG2J4*xHS19 3.0432 2.9147 —7.2987 —4.8724 42.7676 8.9117 -9.7768 —2.7735
FG2J4*xHS29 14.8479 -29.8516 8.6933 15.7483 -36.0070 7.4476 -5.3576 3.2481
FG2J4*xHS3Q -16.4628 -30.3066 —14.4866 -11.6312 22.2441 —12.4963 2.1298 3.6699
FG2J4*xHS49 0.9781 8.6512 14.7689 6.6321 -17.8192 —12.6284 3.8839 —6.8405
FG2J4*xHS59 —1.8289 —3.4674 -1.2215 -5.8017 —10.2880 8.5853 9.7550 2.5051
FG3J4*xHS19 -1.6110 -7.1376 1.8287 -0.7636 —24.9817 8.4426 8.7540 —3.5378
FG3J4*xHS29 -30.5629 -27.2773 —26.8699 —29.0760 2.4147 3.5646 -17.7693 5.2023
FG3J4*xHS39 4.6893 —2.4834 —6.6572 -8.1301 13.0941 1.2137 3.7502 4.0283
FG3J4xHS49 17.3751 21.6449 21.8057 9.4725 1.2968 —0.8702 —4.0213 2.0604
FG3J4*xHS59 9.5223 14.4624 8.7155 28.5537 8.1494 —12.1855 8.8292 —8.1587
FG4J4*xHS19Q -1.6506 18.8256 —9.6485 —2.2863 -39.0318 -26.5566 —4.5115 1.7298
FG4J4*xHS29Q 28.2048 -38.8137 24.8877 21.3627 36.4405 —3.4936 13.0395 —7.0479
FG4J4*xHS39Q -16.0471 -37.0216 —13.2827 -9.5835 19.4330 2.9650 0.6819 3.0974
FG4J4*xHS49Q 1.9776 —5.1748 -9.1857 -9.6456 —23.39004 36.6834 5.718 —1.8380
FG4J4*xHS59 -14.1302 14.3952 5.8927 0.5598 6.2151 -9.4671 —14.9478 4.4177
FG54*xHS19 8.6414 10.7316 15.5068 20.9888 28.7815 36.4929 1.6975 2.0365
FG54*xHS29 -16.9069 -21.7225 —24.1782 —18.7706 27.9982 —6.0125 —1.3566 —4.1805
FG54*xHS39 15.4866 8.2153 —2.8489 6.5929 —53.1228 -19.3024 -2.9149 -1.2697
FG54*xHS49Q 1.8928 8.7300 11.4415 -3.9637 -3.8543 11.0596 2.9269 6.3405
FG54*xHS59 —8.5311 —6.9009 0.0052 —4.8500 —1.4831 —22.6583 -0.4177 —3.0338
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Tab.4 Heterosis of cross combinations of fast-growing and high survival strain of S. maximus at the different growth stages

6 9 12 15 6 9 12 15
FG1xHS1 2.7421 31.0844 37.2514 40.6917 48.1551 38.0998 39.1248 35.8881
FG1xHS2 25.4689 24.8177 22.0535 24.5438 47.3684 25.8869 32.0636 34.8075
FG1xHS3 17.9309 17.1601 16.5285 22.5685 30.5555 33.9921 31.18661 34.1237
FG1xHS4 16.4908 22.4337 16.9503 23.9176 15.4078 33.6775 30.4589 35.2828
FG1xHSS 22.701 23.9474 23.0684 29.5069 -2.1754 34.1294 4.01226 32.9392
FG2xHSI1 14.9501 13.3366 15.2446 —1.9844 -2.2410 24.9809 13.36418 13.0355
FG2xHS2 10.1697 25.5577 22.3037 -5.7764 -1.1791 12.6383 4.02883 12.9110
FG2xHS3 1.7963 21.4693 23.3615 31.0922 23.6812 11.7262 12.02881 15.5153
FG2xHS4 2.4901 32.0061 31.4024 -37.2274 -3.1956 13.7452 13.3891 13.7561
FG2xHSS5 -10.2002 -11.1540 -10.6807 -27.1479 -3.1778 0.4860 22.40445 -2.7297
FG3xHSI1 -21.1738 -12.0737 —12.4641 —33.7446 -3.6033 12.6962 -1.26619 —2.4647
FG3xHS2 -20.9039 -19.1609 -17.1877 -31.9126 —1.9253 -6.1373 30.01428 -3.1686
FG3xHS3 -16.0542 -21.987 -17.6796 -23.5887 50.9475 -5.5162 5.64369 -3.1881
FG3xHS4 ~16.6724 ~17.7648  —20.2606 29.6841 39.0623 39.8563 6.07451 12.8835
FG3xHS5 2.0759 28.7596 26.2079 20.8006 35.2051 ~2.2804 12.83326 31.7945
FG4xHS1 —1.6588 -21.4329 -2.6790 30.7424 —42.4184 —4.0945 22.40041 33.6665
FG4xHS2 —20.0645 -20.2708 -22.1318 27.0731 —1.6428 -2.1840 25.20925 30.8345
FG4xHS3 -29.1842 -26.6425 -16.5221 -35.2325 -6.5030 37.0056 26.25323 33.1156
FG4xHS4 25.5996 32.1534 3.8106 -28.9452 -1.9754 41.4012 8.93398 31.9503
FG4xHS5 29.4769 —28.7728  -37.9604  -28.5256 ~1.2605 32.5070 7.43195 32.5267
FG5xHSI1 ~12.2288 ~232174  -22.4537 2.2156 -3.9210 -4.0912 ~3.4360 32,5139
FG5xHS2 -16.2609 —28.3204 -30.4660 -25.3207 35.5877 -3.4313 -2.69012 34.9276
FG5xHS3 —18.7609 —24.5608 —21.3425 -33.8612 51.4563 -2.1881 -3.03627 32.2909
FG5xHS4 —24.0871 26.3003 —39.0472 —34.4817 36.6391 -2.1223 -2.73822 35.2388
FG5xHS5 -25.8088 24.7881 -35.9624 29.4745 52.3184 -2.5629 -3.27133 30.4364
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Tab.5 Body weight and survival rate comparison between combination FG19xHS1J and non-breeding strain at the different growth

stages
(2 (%)
FG19xHS1J FG19xHS1J
6 49.4010 37.6073 31.36% 3—6 96.4 70.05 37.62%
9 162.8510 112.7309 44.46% 6—9 98.9 77.54 27.55%
12 311.0716 206.6234 50.55% 9—12 99.2 89.01 11.45%
15 619.8467 366.643 69.06% 12—15 99.0 93.09 6.35%
700
619.8467 = ;G1 @xHSJ
600 | B EEEih
500}
49 400f
&
@ 300+
K
200 162.851
2.7309 98.9
96.4
1001 49 401 7754  99.2 8901
37.6073
0 E ! | P
6315 ‘ 98K ’ 12515 ‘ 15315
KE(9) UG (%)
1 FG1QxHS1J

Fig.1 Body weight and survival rate comparative test between combination FG19*xHS1J and non-breeding strain at the different
growth stages
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COMBINING ABILITY OF SELECTED FAST-GROWING AND HIGH
SURVIVAL STRAIN OF TURBOT SCOPHTHALMUS MAXIMUS

MA Ai-Jun"?, WANG Xin-An"? HUANG Zhi-Hui"?, SUN Zhi-Bin"?,

CUI Wen-Xiao"? QU Jiang-Bo®
(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture; Qingdao Key Laboratory for Marine Fish Breeding and Biotechnology, Qingdao 266071,

China; 2. Laboratory for Marine Biology and Biotechnology, Qingdao National Laboratory for Marine Science and Technology,
Qingdao 266071, China; 3. Yantai Tianyuan Aquatic Limited Corporation, Yantai 264003, China)

LIU Zhi-Feng'?,

Abstract

maximus L.) by artificial insemination. We then evaluate the general combining ability, the specific combining ability and

We performed incomplete diallel crosses from 2 complete set selection lines of turbot (Scophthalmus

heterosis of body weight and survival in the F, using biostatistics and quantitative genetics methods. The results showed
that the heterosis of FG19xHS1J was the best in all 50 cross combinations through comprehensive analysis about the
general combining ability, the specific combining ability and heterosis of the two traits at different growth stages. The
body weights of FG1Q*xHS143 cross combination at 6, 9, 12 and 15 months of age were respectively 49.4010g, 162.8510g,
311.0716g and 619.8467g, and 31.36%, 44.46%, 50.55% and 69.06% higher respectively than the common commercial fry
in each growth stage. The survival rates of FG12xHS13 combination during months 3—6, 6—9, 9—12 and 12—15 are
respectively 96.4%, 98.9%, 99.2% and 99.0%, and 37.62%, 27.55%, 11.45% and 6.35% higher respectively than the
common commercial fry in each period. The FG19xHS14J combination Showed good growth performance on the basis of
the above results. The determine of the best FG1Q*xHS1J3 combination provide a theoretical basis for breeding a new
high-yield, good-quality and disase-resistance turbot.

Key words fast-growing strain; high survival strain;

Scophthalmus maximus L.; combining ability
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