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Abstract

The study was conducted to obtain the genetic information on heterosis and combining
ability of the quantitative characters for F, hybrid breeding in silkworms. Six parental varieties
and each set of 30 diallel crosses in F’s and F.’s were used as materials, and bred on the
randomized complete block design with three replications. Fourteen characters were observed
with the twenty samples in each tray. The data were analyzed for (1) heterosis and combining
ability in F1 hybrid. The heterosis in the weight and the length of cocoon showed positively
high at 24.51%, and 23.43%, respectively and the weight of the whole cocoon as well as the
weight of the whole cocoon layer showed a significant heterosis ranging from 15.56% to 15.71%
and from 17.14% to 19.01%, but the fifth and the total instar period showed negative heterosis.
It was found that the combination between, C70XRomogua and N9XRomogua showed
highly a negative heterosis on the fifth instar period and for the cocoon weight. The female
of N9 4 Sansuian and the male of Romogua X Sansurian have a high heterosis effect, on the
cocoon shell weight, and Sansurian X Romogua (reciprocal) on the length and the weight of
cocoon filament with no regard to sexuality. The significant maternal and cytoplasmic effect
on heterosis of the cocoon weight and the cocoon shell weight were observed with the co-
mbinations, N9XC5, N63XC70 and on the length of the cocoon filament with the combi
nations, Sansurian XN63, Sansurian X C5, SansurianXC70 and N9XC70, N63XC70 on the
weight of cocoon filament. As mean squares of GCA, SCA and RCA were significant with
these combining ability for all characters resulted from additive and non-additive altogether
and there is a significant difference between reciprocals. Sansurian showed a negative GCA
effect on the fifth and total larval duration, but the higher positive GCA effects took places
with varieties N9 and C5 on the length, width, weight of cocoon, cocoon shell weight, pe-
rcentage of cocoon shell weight, length and weight of cocoon filament, percentage of raw-silk
with no regard to both generations and silkworm sexuality. The values of SCA between the
cross combinations varied generation- wise and sex-wise. It was shown that SCA value for
the fifth instar period was highly negative for Sansurian XC70, Romogua X 70, Sansurian
X CS, Romogua X C5, but it was positive effect on the cocoon weight, cocoon shell weight
with N9XC5, and C70X Sansurian, on the length of cocoon filament with N9XC5, Romo-
gua X Sansurian on the weitht of cocoon filament between Romogua and N63 and on the
percentage of raw-silk between the combination of Sansurian X Romogua.

Key words : Combining ability, heterosis, silkworm (Bombyx mori)
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Table 1. General characteristics of six varieties used to parant i this study

o111 Y \l e ™ e,

Race variety's Varieties Voltinism Marking No. of (/o‘wons Cocoon

number per 1 liter color

Japenese 1 N9 2 nomal 66 white
2 N63 2 " 78 ”

Chinese 3 C5 2 plain 73 white
4 C70 2 . 81 ”

European 5 Romogua 1 nomal 90 light yellow
6 Sansurian 1 ” 91 vellow

* The date are available at the registry of variety of The Sericultural Experiment Station, Korea.
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Table 2. Analysis of variance for 14 characters calculated from F-and F. trials of 6 X6 diallel cross in silkworm

Factor Generation Treatment Replication Error

Charaters d.f. 35 2 70
Fifth instar period I 246.4930** 3.7501 3.7892
F. 44.2001** 26.0001 21.9250
Total instar peroid F 332.5710** 4.0001 4.0571
F. 49.5429* 20.0001 25.1714
Cocoon length (%) F, 10.6623** 1.0078* 0.3014
F. 6.3075 2.7023** 0.4722
() F 11.2272%* 0.3437 0.3131
F. 4.1894** 0.8144 0.3155
Cocoon width (%) F 4.4225** 0.039 0.1643
F. 7.1710%* 3.7109** 0.4815
(%) F. 4.6738** 0.1035 0.2009
F. 3.9107** 0.1386** 0.2343
Cocoon weight (%) F. 0.1122** 0.0012 0.0092
. 0.0463** 0.0586™* 0.0061
(%) F 0.0749* 0.0018 0.0048
F. 0.0272% 0.0141** 0.0049
Cocoon shell  (¥) F 142.2820* 7.8437 48716
weight F. 55.7629%* 28.3438** 3.3673
(%) b 132.0110** 2.2421 4.4613
F. 48.1741** 19.5117** 3.2849
Percentage of (%) F 13.7489** 1.2050 0.8559
cocoon shell F. 11.1526** 0.9238 0.6689
welght (%) Fi 20.9150** 1.7246 1.2272
' F. 15.2901** 2.9257 1.0848
Length of cocoon F 100717.0001** 672.0001 2475.7701
filament F. 72627.9001** 11468.0001** 3637.2601
Percentage of reelability F, 386.6400** 4.1562 5.5549
F. 73.2036** 9.10625 6.7830
Weight of cocoon filament F, 123.7730** 1.2070 1.3761
F. 24.1117** 17.2754** 2.3022
Percentage of raw-silk F 6.6085** 0.4433 0.1829
F. 65.8665** 37.5647** 6.2988
Degumming loss percentage F. 11.5972** 0.3418 0.6327
F. 46.8961** 45.7188* 134775
Tenacity F 1.1713** 0.0742 0.0240
F. 2.2694** 0.0167 0.1464
Elongation F. 12.2463** 1.4687 2.8406
F. 14.5555%* 4.9902 7.6449

Note : 1. * p<0.05;7 ** p<0.01.
2. %, female : %, male.

R Aol vhebdt . T S v)v)slade) o] 5 o) Mol A (19 Mo E fh M1 E ¥ ok
A Bk A g Zleol HREILE 42 el ol& LH w772 Romogua(b)7} dﬁdrﬁ 2
o g HEfEmSA - BNl Rokg w 4X5,5X3, 3X1, X1 7ol oomd TR Rl A= 1x2, 1><3 1X5,
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Table. 4-1. Heterosis for each cross combination in cocoon weight of silkworm
Parameters™ 2 2
Cross p HP F,  Heterosis Hetero P HP F,  Heterosis Hetero
combinations -beltiosis -beltiosis
IxJ® 1x2% 185 20 2.05 11.23 2.50 150 1.6 1.69 12.79 5.62
21 185 2.0 2.10 13.51 5.00 150 1.6 1.70 13.33 6.25
1x3 170 1.7 2.20 2941 29.41 145 15 1.80 24.14 20.00
3X1 170 1.7 2.00 17.65 17.65 1.45 15 1.60 10.34 6.67
1x4 165 17 2.10 17.27 23.52 140 14 1.60 14.29 14.29
4X1 165 17 1.90 15.15 11.76 140 14 1.60 14.29 14.29
JxC
2%X3 185 20 2.10 13.51 5.00 155 1.6 1.80 16.13 12.50
3X2 185 20 2.03 10.11 0.00 155 1.6 1.75 13.23 7.37
2X4 180 2.0 2.30 27.78 15.00 150 16 1.80 20.00 12.50
4X2 1.80 2.0 2.08 15.74 4.00 1.50 1.6 1.69 12.64 5.62
1x5 1.70 17 2.00 17.65 17.65 140 14 1.60 14.29 14.29
5X2 1.70 17 1.90 11.76 11.76 140 14 1.60 14.29 14.29
1X6 150 17 2.00 33.33 17.65 125 14 1.55 24.00 10.71
6Xx1 150 1.7 1.30 26.67 11.76 125 14 1.46 16.74 4.28
JXE
2X5 185 20 1.96 6.24 -2.00 150 1.6 1.60 6.67 0.01
5X2 1.85 2.0 2.02 9.26 1.00 1.50 1.6 1.70 13.33 6.25
2X6 165 20 1.80 9.09 —-10.00 135 16 1.50 11.11 —6.25
6X2 165 2.0 1.79 8.79 10.50 135 1.6 148 9.75 —17.50
CxC 3X4 165 17 1.90 15.15 11.76 145 15 1.63 12.45 8.66
4X3 1.65 1.7 1.90 15.15 11.76 145 15 1.60 12.45 6.67
3X5 1.70 1.7 1.90 11.76 11.76 145 15 1.67 15.64 11.33
5X3 1.70 1.7 1.90 11.76 11.76 1.45 1.5 1.70 17.24 13.33
3X6 150 1.7 1.71 14.26 0.58 130 15 1.50 15.38 0.00
6X3 150 1.7 1.66 11.24 —-2.35 130 15 1.49 14.76 —0.66
CXE
4X5 1.65 1.7 1.95 18.37 14.70 1.40 1.4 1.64 17.27 17.24
5X4 165 1.7 2.00 21.21 17.65 140 14 1.62 16.24 15.71
4X6 145 16 1.80 24.14 12.50 125 14 1.50 20.00 7.14
6X4 145 16 1.70 17.24 6.25 125 14 142 14.29 142
EXE 5X6 1.50 1.7 1.90 25.67 1176 125 14 1.60 28.00 14.29
6X5 1.50 1.7 1.75 16.74 2.94 1.25 14 1.53 22.34 9.28

“I: The simplified letters are: JX], Japanese X Japanese: ] X C, Japanese + Chinese; CXC, Chinese X Chinese: CXE,

Chinese X European: EXE, EuropeanXEuropean: ¥, female: ¥, male.

2; Varietal names are expressed as follows: 1, N9; 2, N63; 3, C5; 4, C70; 5, Romogua; 6, Sansurian.

3. P, mean value of two parents; HP, higer parental value; FI, maen value of Fi.
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Table. 4-2. Heterosis for each cross combination in percentage of raw-silk of sikworm

Cross. . Parameters™ P HP F Heterosis Heterobeltiosis
Combinations

IxJ! 1X2% 17.25 18.0 17.80 3.19 —1.11
2X1 17.25 18.0 18.00 4.35 0.00
1X3 17.30 18.1 18.70 8.09 3.31
3X1 17.30 18.1 18.10 4.62 0.00
1x4 17.10 17.7 19.20 12.28 8.47
4X1 17.10 17.7 18.80 9.94 6.21

IJxC
2X3 18.05 18.1 18.90 471 442
3x2 18.05 18.1 18.67 3.49 3.14
2X4 17.55 180 19.10 8.83 6.11
4X2 17.55 18.0 18.75 6.84 4.16
1X5 14.75 16.5 16.40 11.19 212
5X1 14.75 16.5 16.85 14.29 485
1X6 14.75 16.5 16.60 12.54 0.61

JXE
2X5 15.50 18.0 17.60 13.55 —2.22
5X2 15.50 18.0 17.20 10.97 —4.44
2X6 15.50 18.0 15.95 2.94 —11.38
6X2 15.50 18.0 15.83 2.19 ~12.05

CxC 3x4 17.90 18.1 18.60 391 2.76
4X3 17.90 18.1 18.60 391 2.76
3X5b 15.55 18.1 17.82 14.61 —1.54
5X3 15.55 18.1 18.40 18.33 1.66
3X6 15.55 18.1 16.90 8.68 —6.63
6X3 15.55 18.1 17.00 9.32 —6.08

CXE
4x5 15.35 17.7 16.70 8.68 —6.63
5%X4 15.35 17.7 17.20 12.05 —6.08
4X6 15.35 17.7 16.00 4.28 —9.60
6X4 15.35 17.7 16.40 6.84 —7.34

EXE 5X6 13.00 14.0 15.36 18.23 9.71
6X5 12.10 13.00 14.0 16.34 8.00

! The simplified letters are: JX], Japanese X Japanese; JXC, Japanese X Chinese; CXC, Chinese X Chinese; C XE,

Chinese X European; EXE, EuropeanX European.

2 Yarieta] names are expressed as follows: 1, N9; 2, N63; 3, C5; 4, C70; 5, Romogua; 6, Sansurian.
P, mean value of teo parents; HP, higer parents between two parents; F;, mean value of F,.
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Table. 7-1. SCA effect for total instar peroid of F; (upper diagonal) and F, (lower) analyzed from 6X6 dialle/
cross in silkworm

Parents 1(N9) 2(N63) 3(C5) 4C70) 5(Romo.) 6(Sansu.)
1 —0.9445 —-4.1111 —1.002 1.3055 —0.9723
2 —0.8132 7.7221 4.8332 —4.5279 2.5278
3 0.5915 —0.2202 4999 —4.8611 —4.0355
4 1.1065 —0.6952 0.1645 —5.4167 —6.1946
5 —0.1749 0.6084 0.6598 —0.6568 0.9443
6 0.3934 -2099 0.3448 0.2215 0.1766

Note: Underlines are expressed as cross combinations having the short SCA effects among cross combinations.

Table. 7-2. SCA effect for coccon weight of F, (upper diagonal) and F. (lower) analyzed from 6 X6 aiallel cross
i sitkworm

Parents 1(N9) 2(N63) 3(C5) 4C70) 5(Romo.) 6(Sansu.)
1 -0.1014 0.1561 0.1028 0.0306 0.0742
2 —0.0759 0.0769 0.0636 0.0064 —0.0317
3 0.1910 —0.1245 —0.0172 -0.0311 —0.0025
¥ 4 0.0571 0.0116 —0.0115 0.0493 0.0625
5 ~—0.0620 0.1407 0.0094 —0.0945 0.1936
6 ~—0.0065 0.0096 0.-666 0.0460 0.0202
1 0.0739 0.0761 0.0419 0.0064 0.0608
2 —0.0662 0.0542 0.0483 0.0344 —0.0644
3 0.1099 —0.0568 —0.0261 0.0350 —0.0206
g 4 0.0321 0.0421 —0.0168 0.0-42 0.0586
5 —0.0487 0.0896 —0.0059 —0.0154 0.0814
6 0.0074 0.0257 0.0719 —0.0309 —0.0034

Note: Underlines are expressed as cross combinations having the short SCA effects among cross combinations.

Table. 7-3. SCA effect for coccon shell weight of F; (upper diagonal) and F. (lower) analyzed from 6X6 dialle!
cross in silkworm

Parents 1(N9) 2(N63) 3(C5) 4C70) 5(Romo.) 6(Sansu.)
1 2.2973 2.3497 1.2018 1.3695 1.0465
2 —1.5741 1.8909 1.4551 0.5062 —2.6718
3 5.7898 —1.3491 —0.0963 —0.0452 —1.8382
* 4 0.6287 0.5398 0.6204 1.4257 0.6993
5 —-0.7630 2.9981 —15713 —3.5324 2.8604
6 —0.7463 —0.9352 0.1287 0.75-9 26627
1 2.2848 2.0198 0.0929 0.9031 2.1443
2 —2.3463 2.1012 1.9293 1.2462 —2.9527
3 41.2926 —1.2269 —0.5091 0.2112 —2.2943
& 4 1.5148 0.7287 0.0009 0.1726 0.6004
5 —1.6268 2.9537 —0.7574 —1.9852 2.7856
6 —0.3407 0.1565 0.8787 —0.8491 1.4093

Note: Underlines are expressed as hybrids having higher SCA effects among cross combinations.

f&ryelet & -+ ok REE AR ke F AlEclAle o JWH date]
—R o B Rt W HEANAM Fk AE T AENS vehlie Rl ol HREH kR
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Table. 7-4. SCA effect for length of cocoon filament of F; (upper diagonal) and F» (lower) analyzed from 6X6

diallel cross in sitkworm

Parents 1(N9) 2(N63) 3(C5) 4(C70) 5(Romo.) 6(Sansu.)
1 7.5927 82.2314 83.9537 1.1203 —7.8798
2 —189.2040 46.1758 —0.4352 51.7315 —11.2686
3 187.4070 —13.0927 —19.6297 19.2036 26.8704
4 15.1018 9.7686 89.3795 17.5925 7.5925
5 —34.3983 160.7690 —30.9538 —92.5927 160.0930
6 62.4630 5.1297 —60.2593 3.7686 70.9353

Table. 7-5. SCA effect for weight of cocoon filament of F; (upper diagonal) and F, (lower) analyzed from 6X&

diallel cross in silkworm

Parents 1(N9) 2(N63) 3(C5) 4(C70) 5(Romo.) 6(Sansu.)
1 —0.0606 1.3672 3.2411 0.4656 1.4439
2 —1.2028 1.1772 0.3028 4.0572 —1.4928
3 3.1306 —0.3000 —1.7194 1.8133 1.0333
4 0.0167 0.7861 —1.0139 2.7839 0.1656
5 —0.6667 0.5694 0.1194 —1.2778 1.2350
6 —0.0556 —0.3361 0.3139 1.9000

Table. 7-6. SCA effect for percentage of raw-sitk of F; (upper diagonal) and F, (lower) analyzed from 6X6& diafle/

cross in sitkworm

Parents 1(N9) 2(N63) 3(C5) 4(C70) 5(Romo.) 6(Sansu.)
1 -0.0950 —0.0081 0.8258 0.2047 0.3853
2 —2.1853 0.0619 0.3592 0.5397 —0.6092
3 5.2392 —0.7197 —0.1760 0.5833 0.4161
4 0.1117 1.2928 —1.6172 -0.0111 —0.2350
5 —1.0519 0.7358 0.2158 —2.0917 1.1206
6 —0.1894 0.3883 0.4500 —0.2525 3.0422

Note: Underlines are expressed as cross combinations having the short SCA effects among cross combinations.
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