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Genetic Analysis on Quantitative Characters of Silkworm
(Bombyx mori.) by Diallel Crosses

Won Bog Jeong and *Sang Poong Lec

Dong—A University, Pusan, Korea and *Sericultural Experiment Station, R.D.A., Suwon, Korea

Summary

In this experiment, gene action were analyzed for seven silkworm varieties in order to obtain

basic information on their genetic improvement by diallel crosses.

The results obtained were summarized as follows:

In F, generation, over-dominance was shown by Vr—Wr graphic analysis in four characters

such as cocoon length in female, bave weight, cocoon weigth and boiling off ratio in both

male and female, and partial dominance in four characters such as fifth instar period, cocoon

layer weight, cocoon layer ratio and bave length. In F, generation, the partial dominance in

all characters were obtained.

Components of genetic variance analyzed for five characters such as fifth instar period, cocoon

width, cocoon layer weight, cocoon layer ratio and fibroin contents in F; generation, and for

four characters such as cocoon width,

cocoon layer weight, cocoon layer ratio and fibroin

contents in F, generation showed that addition effects were higher than dominant effects.
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Table 1a. Mean values of 11 characters of seven silkworm parents and their F, generations

by diallel crosses

&aracters Fifth Total Cocoon length Cocoon width | Cocoon weight Cocoon layer
instar instar (mm) (mm) (g) weight(cg)
Parents*’ period | period — -
and cross\ (hours) | (hours) | Female Male | Female Male |Female| Male | Female Male
1 188.33 | 601.00 30.42 29.57 13.61 12.73 1.82 1.45 38.92 36.17
2 203.67 | 598.67 29.02 27.87 17.93 17.24 2.10 1.68 47.96 45.21
3 174.00 | 584.00 29.85 28.69 11.97 11.62 1.73 1.26 34.07 32.00
4 215.00 | 607.67 28.33 27.25 18.35 17.66 2.30 1.62 46.19 43.04
5 174.00 | 607.00 28.11 26.58 10.34 | 9.89 1.39 1.20 21.13 20.39
6 157.33 | 548.33 26.39 24.80 15.43 14.77 1.74 1.40 23.14 21.45
7 155.33 | 549.00 26. 89 25.46 12.34 11.27 1.32 1.04 17.32 16. 28
1x2 204.67 | 599.00 31.89 31.15 16.21 16.80 2.32 1.83 52.21 49,78
3 191.00 | 599.00 30.26 30.08 13.07 12.74 1.78 1.45 42.81 34.88
4 186.67 | 578.33 31.02 30.33 17.21 1 16.80 2.48 1.87 52.64 50.76
5 171.67 | 575.67 30.63 29,74 12.81 11.70 1.93 1.52 36.42 35. 47
6 156.67 | 549.00 30.34 29.28 16.26 15.81 2.31 3 1.81 41.66 38.31
7 172.00 | 578.00 30.35 28.88 14.39 ¢ 13.92 2.01 ' 1.57 35.04 34.74
2%3 183.67 | 576.33 31.71 30. 47 16.83 156.91 2.32 1.87 49,91 49,00
4 200.00 | 610.00 29.70 28.84 18.65 17.83 2.06 0 1.69 47.58 43. 68
5 189.67 | 599.00 32.68 32.08 16.11 15.31 1 2.34 j 1.85 46.15 42,24
6 160.00 | 553.00 30.57 29.20 18.84 17.73 :+ 2.47 1.99 44.27 41.70
7 180.00 | 576.00 30.57 28.04 17.19 16.52 . 2.07 1.60 37.08 34.48
3x4 159.33 | 574.00 30.98 29.72 16.97 . 15.88 2.23 1.88 47.86 44,45
5 179.00 | 583.00 30.67 29.58 12.63 11.50 1.88 1.50 37.89 34.03
6 157.00 | 571.00 30.88 29.32 15.78 15,26 2.16 1.72 37.45 34.28
7 159.33 | 563.00 31.10 30.44 14.07 12.96 2.12 1.55 38. 67 31.27
45 181.67 | 574.67 31.76 30.51 15.76 15. 36 2.38 1.85 42.43 42.76
6 159.00 | 552.00 30.02 29.14 19.29 18.79 2.48 1.96 42,41 40.29
7 160.00 | 551.00 28.73 27.89 15.59 15.17 1.94 1.56 36.56 31.76
5x6 147.00 { 553.00 28.54 28.05 13.29 ; 13.03 1.77 1.48 24.79 23.89
7 156.00 | 5563.00 30.13 28.75 13.05 12.12 1.83 1.39 28.31 25.48
6>< 7 149.00 | 540.00 29.57 29.09 15.28 | 14. 60 2.06 1.51 33.38 26.36

x 1 Jam 107, 2, Jam 108, 3, ]am 113, 4, Jam 114 5, Bok DongA 6, Jung 14, 7, Nok DongA

— 26 —



£E 4o #Hgse

LI E S P -

2 Al TAE el BEE HER tﬁﬁ—‘q %
fiidlel B 107, B 108, f’)(ﬁﬁh e Ee TREY B
113, B 1149 KA Bl RAF Tl DR Hﬂxﬁ
FEBHO, P SR 14, RSl TR
Ab o] FE 1985w SAbr] o] ASRLEIOE /‘]'"5‘6}'01 ZLIE
AHE O BSERAY Rl BRe R REstY T
bR BEME) Rttt tE el 1986W A7l
S P DY S A T

}m

A% e 1382 A S, 4~b6H L BESS
g, 79 19 43 BHRag. AT A 48 ¥
A x 294 AT 30054 3wpEem @Ayt
2 R AfT 4% sdAd Kwstd HNE, W
fRE, wRtse 2 HEfg), KENE Rt 38
A& /‘}%U}ﬁi-:— W, #iES Vernier callipers& &
Aetgos sl gy Rl skt

R sa fibroing £4-2 iERIR 4 EE
she] 1EY 3B o2 WE 1084 A%, Gaugel®
of Yol ERERES 500 HEER (T @4 Natrium 10%
ow.f)em Az ddAAA 4037 Eih, 23] W
3 0.06% ®HAL Natrium KiEHel 4 4z A #K

Table 1b. Mean values of 11 characters of seven silkworm parents and their F; generations

by diallel crosses

\Characters Cocoon layer Amounts of fibroin Bmlmg off ratio Bave Bave
S ratio(%) . (ce) S (% length weight
fgéercl;zzs \\\ Female Male Female Male Female Male (m) (cg)

1 21.38 24.88 30.54 30.18 26.73 26.40 1,181.33 29.06

2 22.80 26.91 35.61 ; 33.09 27.66 29.60 1,319.00 37.12

3 19.69 25.39 27.71 | 24.74 25.76 25.33 1,230.33 23.79

4 20.11 24.72 32.06 33.46 30.43 28.36 1,354.00 31.56

5 15.16 16.94 16.77 14.63 26.16 25.86 536.00 16.47

6 13.30 15.29 18.18 16.45 27.16 27.16 615.33 18.89

7 13.12 15.65 12.30 13.23 24.83 25.06 802. 66 11.00
1x2 22.57 27.20 38.48 \ 37.98 26.20 25.66 1,584.00 45.98
3 24.05 24.01 27.40 30.24 26.06 24.83 1,207.00 35.68

4 21.25 27.09 40.35 38.87 26.93 26.70 1,490.33 44.16

5 19.05 23.33 29.20 27.18 25.86 25.56 1,014.66 30.71

6 18.00 21.13 31.47 29.43 25.90 | 25.53 983. 66 31.50

7 18.00 22,09 28.46 27.28 24.40 23.63 903. 66 28.72
2%X3 21.75 26.16 37.45 37.38 25,16 24.96 1, 384.33 42.01
4 23.11 | 26.26 | 3495  35.24 27.10 26.10 | 1,414.33 | 37.58

5 19.75 22.88 1 35.61 32.43 24,36 24.16 1,221.66 40.55

6 bo17.94 20.95 32.97 31.66 26.10 25.03 1,321.00 37.94

7 E 17.90 21.59 28.78 27.59 24.80 23.80 1, 185.00 31.80
3x4 21.51 23.71 38.59 ‘ 38.35 26.16 25.60 1,343.33 34.09
5 20.15 22.74 27.78 25.88 25.00 25.26 883.00 25.95

6 I 17.31 19.94 27.39 25,72 25.33 24.86 855. 33 23. 66

7 18.21 20.13 28.31 24.73 24.80 24.23 1,042.00 28.75
4X5 17.82 23.07 : 32.51 32.31 26.43 26.10 1, 090. 00 36.09
6 17.08 20. 58 31.38 30.28 28.56 26.70 1,079.00 36.99

7 18.83 . 20.36 27.19 25.85 25.73 24.53 1, 102. 66 29.96
5%X6 13.98 16.12 | 18.97 19.93 25. 40 25.63 677. 66 20.72
7 15. 46 18. 34 22.14 20.91 24.00 23.30 825.33 22.34
6Xx7 16.20 17.45 [ 22 34 21.30 25.26 | 23.73 881.33 28.30

T 1, Jam 107 2, Jam 108; 3, Jam 113 4, Jam 114, 5, ‘Bok DongA 6, Jung 14; 7, Nok Dong-A.
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Table 1¢. Mean values of 11 characters of seven silkworm parents and their F, generations
by diallel crosses
Characters Fifth Total Cocoon length Cocoon width | Cocoon weight Cocoon layer
instar instar (mm) (mm) (g) weight(cg)
Parents* period | period
and cross (hours) | (hours) | Female Male Female Male [ Female| Male | Female Male
1 185.00 | 581.33 32.41 29.58 15.14 13.24 2.18 1.76 47.42 43.73
2 185.33 | 580.33 @ 29.66 27.52 18.66 17.44 2.22 1.71 48.30 43.93
3 173.33 | 567.33 1 31.80 30.80 16.68 15. 47 k 2.25 1.68 45.29 40.64
4 | 179.66 | 567.33 28.54 27.10 ¢ 18.04 17.74 2.22 1.79 47.08 44.72
5 161.33 | 557.66 32.38 30.79 | 13.22 12.26 2.04 1.53 37.67 33.81
6 157.00 | 554.66 26.31 25,32 15.63 14.74 1.70 1.43 21.52 22,05
7 161.33 | 556.33 | 31.23 28.71 15.23 13.76 1.26 1.16 17.30 16.27
1x2 186.66 | 581.66 31.67 31.43 16.98 16.79 2.42 1.90 49, 88 46.34
3 184,00 | 571.66 31.70 30. 86 15.25 14.55 2.21 1.79 42.85 42.77
4 189.33 ; 584.33 32.20 30.74 17.95 17.06 2.30 1.86 49,49 49, 36
5 | 184.33| 579.33 | 32.90 31.44 15.42 13.68 2.26 1.78 43.81 | 38.03
6 182.66 | 577.66 | 32.76 31.38 14.53 14.01 2.24 1.77 41,08 - 39.15
7 184,00 { 579.00 } 31.69 29.62 14,71 14.00 2.16 1.65 38.00 . 36.78
2X3 169.33 | 564.33 0 32.10 30.80 17.78 17.66 ° 2.37 1.87 48.92 44.91
4 175.33 | 570.33 } 30.94 29. 67 18.14 16.37 ‘ 2.13 1.87 44.09 44.99
5 169.33 | 567.66 ¢ 33.34 31.64 16.28 15,41, 2.31 1.77 43.64 39.04
6 ‘. 161.66 1 556.66 ' 31.33 30.70 16.57 16.18 2.39 1.86 38.84 36. 63
7 i 166.00 { 561.00 30.25 27.70 16.00 14.86 2.06 1.59 36.82 33.84
3Ix4 } 161.66 | 559.66 31.38 29.60 16.28 15.78 2.27 1.86 i 46.89 43.39
5 161.33 | 559.66 34.21 31.10 1 13.81 11.88 2.12 1.59 i 41.88 33.64
6 161.66 | 556.66 32.19 30.20 | 15.78 15.17 2.19 1.76 | 36.79 35.37
7 184.00 | 575.66 31.41 29.23 14.34 13. 46 1.93 1.57 32.28 30.18
4x5 186.00 | 581.00 32.13 30.311 15.25 14.49 2.46 1.92 46. 87 41.22
6 161.66 | 556.66 | 28.86 26. 67 17. 86 17.03 2.23 1.88 37.44 36.12
7 163.00 | 558.00 30.45 27.62 17.38 15.49 2.22 1.58 38.37 34.73
5X6 1 163.66} 558.33 31.43 29,22 16. 30 15.03 2.16 1.97 34.83 33.85
7 166.66 | 561.66 32.22 30.20 14.08 13.40 2.01 1.58 33.03 28.59
6%x7 166.33 | 557.00 29.78 27.98 15.45 14.74 2.00 1.56 26.52 25. 46

* 1, Jam 107; 2, Jam 108; 3, Jam 113; 4, Jam 114; 5, Bok Dong-A; 6, Jung 14; 7, Nok Dong-A,



Table 1d. Mean values of 11 characters of seven silkworm parents and their F, generations

by diallel crosses

\Fharacters Cocoon layer ratio | Amounts of fibroin Boiling off ratio 1 Béve Bavg
P k;\ . (9|6) ) _ (cg) (%) . length weight
and cross | Fomale | Male | Female | Male | Femle | Mile | ) | o)

1 21.72 24,94 27.05 33.23 ! 23.96 23.80 ‘ 1,314.33 38.42
2 21.76 25.59 36.95 33.40 26.73 25.40 . 1,331.00 39.48
3 20.07 24.21 37.72 32.64 24,00 23.73 ! 1,154.67 31.06
4 21.21 24,99 35.02 31.00 27.73 27.66 © 1,206.00 32.93
5 18. 40 22,23 31.00 24,84 24,26 24,03 982. 00 25,93
6 12.61 15.38 17.02 16. 49 24,50 24,36 577.67 16. 36
7 13.69 13.99 25.37 19.02 24,56 . 22.30 744.67 14.93
1x2 20.61 24.35 39.32 38.27 ; 23.73 23,70 1,454.33 38.73
3 19.34 23.88 35.04 32.45 1 23.50 23.16 ' 1,394.33 38.74
4 21.90 26.49 38.49 36.71 | 24.90 24.70 i 1,413.67 42,80
5 19.39 21.28 34.77 30.58 25.40 24.96 | 1,142.00 34,24
6 18.32 22.08 38.40 32.57 24.60 25,36 1,344.33 35.91
7 17.60 22.21 27.565 26.35 23.00 23.80 | 1,012.67 29,30
2%3 20.60 23.93 37.82 36.74 24.60 23.16 i 1,292.67 40.43
4 20,57 23.98 36.18 34.24 24.60 25.83 | 1,341.00 40,33
5 18.84 22,02 35.27 31.67 24.00 24.10 1,175.00 37.41
6 16. 25 19.70 30.91 29.19 23.66 23.36 993. 33 29.28
7 17.36 21.24 27.96 27.68 | 24. 40 20.90 988. 00 30.83
3x4 20.63 23.24 36.63 34.72 i 24.70 24.60 | 1,226.00 38.49
5 19.72 21.07 28.84 26.62 | 24.46 24.80 | 1,052.00 33.41
6 16.78 20.10 30.07 27.13 24,36 24.56 976.33 29,84
7 16.71 19,23 25.11 25.17 J 22.60 22.50 976. 00 27.85
4x5 18.77 21.40 36. 02 34.02 ' 25.20 25.86 1,034.33 40.93
6 16.80 19.15 28. 66 26.58 ‘ 26.00 27.80 1, 050. 00 32.08
7 17.23 21.89 31.06 26.37 i 23.86 25.03 1, 039.00 31.93
5X6 16.17 17.34 27.18 23.56 | 24,93 26.23 825.00 27.06
7 16.40 18.10 24.74 22.04 i 23.06 24,73 ‘ 901. 33 25.79
6X7 13.26 16.25 21.04 18.74 . 21.80 24.30 698. 33 21.06

%1, Jam 107; 2, Jam 108; 3, Jam 113;
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Table 28. Mean squares of 11 characters from F, generations by diallel-crosses of the seven
silkworm parents

T o Factors df Block L Parent i F, Error
Characters ;\\\ o 2 | 6 i 21 54
Fifth instar period 1.393 2,895, 340** 492, 961** 1.998
Total instar period 3.869 3,683, 170%* 775. 286%* 4.610
Cocoon length Female 0. 086 6. 725%* 6.199%* 0.315
Male 0.137 8. 097*¥* 7.566%* 0.429
Cocoon width Female 0.107 51, 390** 6.787** 0.146
Male 0.741* 52, 695** 6. 308** 0.143
Cocoon weight Female 0.001 0. 409** 0.244** 0.002
Male 0.001 0.301** 0. 129%* 0.001
Cocoon layer weight Female 0.233 679. 610** 139. 282** 0. 440
Male 0.107 696. 405** 121, 726** 0.284
Cocoon layer ratio Female 0.046 83.151** 10, 052%* 0.250
Male 0.252 122.276%* 13.944%* 0.702
Amounts of fibroin Female 0.250 383.070** 82.670%* 0.390
Male 2.200%* 411, 980** 69. 690** 0. 290
Boiling off ratio Female 2.300 9. 690** ‘ 4, 750%* 1.470
Male 0.040 10. 200%* 4. 650** 0.180
Bave length 0.001 0. 702%* 0. 086** 0.001
Bave weight 0.394 507.642%F | 128.360%* 0.246
* p<.05; ** p< .0l
Table 2b. Mean squares of 11 characters from F, generations by diallel-crosses of the seven
silkworm parents
T Factors af Block l Parent l F. Error
Characters e - 2 6 al 54
Fifth instar period 60.333 811.880%* ! 207. 147 25.198
Total instar period 217.857%* 734.726%* ; 167. 241%* 26.549
Cocoon length Female 0.106 16.578** | 5.503%* 0. 694
Male 0.163 17.733% 5. 602%* 0. 450
Cocoon width Female 0. 401 17.116%* 3. 12g%* 0. 456
Male 1.037 20, 441%* 3.825%* 0.511
Cocoon weight Female 0. 004 0.269** 0. 137%* 0.004
Male 0.008 0. 202** 0. 063** 0. 004
Cocoon layer weight Female 0.816 596. 421** 92.725%* 1.447
Male 0.180 537.701%* i 73.194** 0.218
Cocoon layer ratio Female 0.879* 61.760%*% | 7. 386** 0. 256
Male 0.828 88.582+* | 13. 266** 0.325
Amounts of fibroin Female 13.336 266. 162** 54.540%* 14.929
Male 0.312 316. 170** 35. 593%* 0.662
Boiling off ratio Female 1.806%* 17. 369** 3.308%* 0.439
Male 0.860 306. 285** E 37.418%* 0. 606
Bave length 0. 001 0. 487%* | 0. 055** 0.001
Bave weight 1.620%* 449.767%% | 72.993** 0.234

* po .05 ¥ p 0L
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Fig. 1. Vr—Wr graphic analysis for larval period
and cocoon lenght of F; and F; generation
by 7x7 diallel crosses of the seven silkworm

parents.

1, Jam 107; 2, Jam 108; 3, Jam 113; 4,
Jam 114; 5, Bok Dong-A; 6, Jung 14; 7,
Nok Dong-A. A, fifth instar period; B,

total instar period. F, female; M, male.
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Fig. 2. Vr—Wr graphic analysis for cocoon width

and cocoon weight of F, and F, generation
by 7x7 diallel crosses of the seven silkworm

parents.

1, Jam 107; 2, Jam 108; 3, Jam 113;
Jam 114; 5, Bok Dong-A; 6, Jung 14;

4)
7’

Nok Dong-A. F, female; M, male.
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Fig. 3. Vr—Wr graphic analysis for cocoon layer

weight and cocoon layer ratio of F, and F,
generation by 7x7 diallel crosses of the
seven silkworm parents.

1, Jam 107; 2, Jam 108; 3, Jam 113; 4,
Jam 114; 5, Bok Dong-A: 6, Jung 14; 7,
Nok Dong-A. F, female; M, male.
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Fig. 5. Vr-Wr graphic analysis for bave length

and bave weight of F; and F, generation
by 7x7 diallel crosses of the seven silkworm
parents.
1, Jam 107; 2, Jam 108: 3, Jam 113; 4,
Jam 114; 5, Bok Dong-A; 6, Jung 14; 7,
Nok Dong-A. C, bave lenght; D, bave
weight,



Table 3a. Estimates of variance components and ratio parameters of 11 characters form F;

generations by diallel-crosses of the seven silkworm parents

Variance components

Ratio of parameters

Characters [ - |
| p | F | W | H |H/D |H/DVH/ML] K

Fifth instar period ! 504,732 76.931| 448. 104 324.983, 0.888 0.942 0.181 0.003
Total instar period | 675.713 83.537| 662.636, 554.573] 0.981] 0.990;, 0.209 0.002
Cocoon length ‘ Female 1. 838‘ 0.823 4.604] 4.427| 2.505 1.5831 0.240] 1.663
i Male 2.482 1.222)  5.304| 5,145 2.137 1.462 0.242] 1.584

Cocoon width Female 9.460; —0.216] 2.441] 2.371] 0.258 0.508 0.243  2.092
Male 9.012 —0.934] 2. 118, 2.067) 0.235 0.485 0.244] 2.303

Cocoon weight Female 0.121i 0.053 0.203, 0.193 1.683 1.297} 0.238 6.547
Male 0.051 0.004] 0. 100‘ 0.099 1. 967‘ 1.402  0.246] 10.669

Cocoon layer weight Female 152.4211 25.119) 71.634! 69.649] 0.470. 0.686, 0.243 0.397
Male 132.073  0.426; 66.304 65.383] 0.502] 0.709 0.247 0.365

Cocoon layer ratio Female 15,712  0.337] 3. 650| 3.257) 0.232 0.482] 0.223] 1.165
Male 25,910, 3.399 2.328) 1.748, 0.090/ 0.300, 0.188 1.444

Amounts of fibroin Female 81.670; 9.730, 48. 060’ 47,1401 0.580 0.760; 0.245  0.430
Male 78.190  0.220, 33. 040; 32.6300 0.420] 0.650; 0.246] 0.610

Boiling off ratio |  Female 1. 680: ~0.1500 0.610' 1.020 0.3600 0.600] 0.420{ 0.864
Male 2.580 1.750 3.940 2.880| 1.520 1.230 0.182 0.317

Bave length 0.118 —0.006, 0. 051} 0.042| 0.431] 0.657] 0.205 9.684
Bave weight 84. 206}— 10.173 89. 753} 87.509] 1.066/ 1.032 0.244] 0.354

Table 8b. Estimates of variance components and ratio parameters of 11 characters form F,
generations by diallel-crosses of the seven silkworm parents
Variance components Ratio of parameters
Characters
p | F | B | H |H/D |H/DV|H/MHEL| K

Fifth instar period 118.093] 20.960| 193.856| 143.545 1.642 1.281 0.185] 0.022
Total instar period 05,811| 12.123} 131.504| 99.457| 1.373 1.172| 0.189] 0.038
Cocoon length Female 4,526 2.502| 2.950; 2.205 0. 652i 0.807| 0.187f 2.074
Male 3.683] 1.885 4.863] 3.412 1. 320% 1.149)  0.175] 1.371

Cocoon width Female 3.018 0.043 1.429] 1.274) 0.473 0.688] 0.2231 0.221
Male 3.799] 0.161} 1.716] 1.606f 0. 452[ 0.672) 0.234| 0.311

Cocoon weight Female 0.134 0.109, 0.099 0.074] O. 743! 0.862| 0.186| 10.645
Male 0.046| 0.014 0.039] 0.034 0. 844‘ 0.919] 0.215 18.600

Cocoon layer weight Female | 170.316 63.594] 25.838| 19.370; 0.152| 0.389 0.187| 0.485
Male 133.498| 37.384| 23.616| 17.373] 0.177| 0.421} 0.184] 0.554

Cocoon layer ratio Female 14,521 2.9370 0.972| 0.866] 0.067, 0.259 0.223 0.972
Male 23.392 9.180; 6.271} 3.459 0.258 0.508) 0.143] 0.239

Amounts of fibroin Female 40.536| 11.242| 22.510 9.563| 0.654] 0.809 0.090; 0.694
Male 50,352 5.865/ 18.409) 14.593] 0.366] 0.605 0.198; 0.555

Boiling off ratio Female 2.391 0.498/ 3.375 2.033] 1.411) 1.188 0.151] 0.032
Male 55.220] 4.890| 23.940| 16.103] 0.434; 0.658] 0.168 0.267

Bave length 0.084/ —0.001| 0.031] 0.023 O. 365‘[ 0.604] 0.188] 9.768
Bave weight 96.936] 16.770, 35.194 29.756 0.363; 0.603| 0.211] 0.599
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