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Combining ability and heritability analyses of several quantitative characters
in different silkworm varieties for summer and autumn rearing
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Abstract: The combining ability and heritability of eight Chinese and eight Japanese summer-autumn rearing silkworm
varieties from different ecotopes and their 64 cross combinations were analyzed in an 8x8 incomplete diallel crossing
design (NCII) for the following seven quantitative characters: cocoon weight, cocoon shell weight, cocoon shell ratio,
cocoon crop per 10 000 4™ larvae, shell weight per 10 000 4" larvae, dead worm cocoon rate and larva-pupa viability rate.
The results showed that variances of the general combining abilities (GCA) and special combining abilities (SCA) of the
seven quantitative characters were significant or greatly significant, and all of these characters were controlled by both
additive and non-additive effects with the additive effect the principal one. Dead worm cocoon rate, larva-pupa rate and
cocoon crop per 10 000 4™ larvae were mainly affected by environment factors, whereas the remaining quantitative
characters were mainly influenced by genetic effects. Cocoon shell ratio, cocoon shell weight and cocoon weight were the
characters with high heritability, and the directional selections for them could be conducted in earlier selections. In
contrast, it was better to increase selection pressures in the middle and late selection periods for dead worm cocoon rate
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and larva-pupa rate because of their low heritabilities. Chinese variety Cs and Japanese variety Ri; showed high GCA
effects, and the combination Ri;xCs showed high SCA effect, indicating varieties Cs and Riz were superior parent
materials which would be used in future breeding programs.

Key words: silkworm; quantitative character; combining ability; heritability; incomplete diallel crossing design
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Table 1 Variance analyses of combining abilities for seven quantitative characters of silkworm
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Table 2 Estimates of the relative general combining ability effects for seven quantitative characters in parents
-2.15 0.73 -1.82 -1.49 0.23 -2.95 -2.59
-32.86 7.73 -5.23 —6.22 —-0.56 -3.35 -4.39
1 -18.66 4.21 0.36 -0.39 -0.38 0.44 -0.33
A -7.72 1.34 4.23 1.87 -1.20 3.30 0.98
6 9.34 -2.17 1.64 3.55 1.03 1.15 3.01
932 4.84 0.07 -3.87 —7.66 -2.13 -2.15 -5.87
C; 42.27 -10.35 0.05 2.07 1.16 -0.43 1.61
Cs 4.92 -1.57 4.64 8.27 1.85 4.00 7.58
3 151 -0.71 4.29 7.57 1.72 4.40 7.65
-31.14 6.45 -3.39 -5.88 -1.39 -1.85 -4.41
3087 12.00 -2.09 0.05 -1.16 -0.70 -0.16 -1.39
7532 —6.16 2.44 —5.47 -5.80 -0.13 —-4.09 —4.38
1.21 0.23 -0.38 0.43 0.49 0.32 1.16
0802B -23.27 4.60 -0.77 -1.43 -0.33 -2.18 -2.83
B 2.67 -1.83 2.59 1.75 -0.41 0.57 -0.30
T 43.18 —-9.09 3.08 451 0.75 2.99 4.48
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Table 3 Estimates of the relative specific combining ability effects for seven quantitative characters in 64 hybrid combinations
3X -21.61 4.96 -044 -0.78 -0.12 203 1.85 X 6 10.76 -3.33 246 273 -0.06 -0.24 -0.27
X 1786  -3.47 169 233 029 250 298 x s -15.64 369 -095 -0.82 0.27 -0.28 0.20
3087x -21.26€  4.36 339 327 -0.08 405 3.83|3087x 161 -1.85 033 120 047 -0.67 0.20
7532x 1261 -4.63 -3.00 -234 033 -393 -3.35|7532x -1.43 245 -0.72 072 089 288 451
x —-33.85 6.38 —6.44 -7.32 -052 -4.18 -5.04 X 6 21.87 -4.36 098 042 -039 -1.06 -1.79
0802Bx 4261 -8.42 339 318 -0.03 0.81 0.65[0802Bx g 550 -0.14 157 165 005 277 286
Bx 3849 -7.88 0.85 109 013 -430 -3.86 Bx s -9.99 134 -426 -6.02 -0.97 -1.86 -3.63
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Tx -34.84 8.71 056 057 0.01 301 295 Tx & -12.69 2.21 059 012 -0.26 -1.54 -2.09
3% 0.37 -0.56 031 -0.19 -0.07 -1.76 -2.09 3x932 58.97 -12.20 —-0.23 -0.19 0.23 0.26 0.23

X 1.22 -1.23 121 021 -062 011 -0.78 x932 4.62 1.58 128 1.02 -024 222 1.73
3087x 10.21 -5.11 -4.08 -4.87 -0.46 -3.62 -4.26 |[3087%x932 -39.36 9.31 -3.18 532 -134 -3.71 -5.99
7532% 24.90 -6.01 -0.41 013 0.28 -1.47 -0.89 |[7532x932 294 -2.05 459 409 -029 188 1.33

X —27.05 8.20 0.26 -151 -1.05 037 -1.45 x932 34.09 -7.88 362 443 058 415 5.02
0802Bx 2.04 1.81 187 089 -0.61 796 6.69(0802Bx932 -7.70 457 -482 -2.17 140 -3.10 -0.50
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Tx -2.41 1.69 -0.13 215 141 -200 0.32 Tx932 -49.46 12.08 -1.90 -154 0.09 -1.25 -0.47
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x A -26.01 3.59 516 570 0.26 5.47 599 xCs 27.28 -6.03 -0.38 -1.06 -0.29 -2.69 -3.34
0802Bx A -11.10 -2.21 0.82 -135 -1.13 -1.85 -3.77 |[0802BxCs —26.53 4.03 -1.23 -091 0.28 -1.13 -0.86

Bx A 17.03 -1.85 382 501 065 290 4.16 BxCs -11.44 5.63 -131 -0.76 032 298 3.68
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Table 4 Estimates of the relative total combining ability effects for seven quantitative characters in the excellent hybrid combinations

3xC5 —8.46

3x —22.25

3x 1 -17.25
0802Bx 6 -8.43
0802BxC5 —44.88
BxC5 -3.85

Bx 1 -33.13

3% A -14.21
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Table 5 The contribution ratio of the male, female and their interaction to the genotypic variance of the seven quantitative characters in F, hybrids

Vo, Ve, Ve, (Ve +V, )Vr Vo, Nt Ve, NVt Ve, V1
12.059 2 12.7610 9.9159 0.7145 0.347 2 0.367 4 0.2855
10.387 7 8.0518 7.003 2 0.7247 0.408 3 0.316 5 0.2753

0.002 5 0.002 9 0.002 9 0.646 4 0.300 2 0.346 2 0.353 6
0.000 3 0.000 3 0.000 2 0.766 3 0.3910 0.3753 0.2337
0.069 3 0.1375 0.0331 0.862 2 0.288 9 05732 0.1378
0.1426 0.140 4 0.1571 0.6331 03201 0.3130 0.356 9
0.020 4 0.020 8 0.0111 0.7881 0.390 1 0.397 7 0.2119
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Table 6  Heritability of seven quantitative characters in the colony
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