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1. Mass Rearing

2. Reciprocal

3. Independent culling levels
4. Multiple trait selection
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Table 1. Naming of new genetic combinations produzgfive Chinese-shape silkworm lines

Chinese-shape 1 2 3 4 5
lines 32 104 124 154 Y
1 2 3 4 5 6 7
New name for 32*124 32*154 32*Y 104*32 104*124 104*154 32*104
genetic IRA8 IRA14 IRA12 IRA16 IRA18 IRA2 IRA6
combinations 8 o 10 11 12 13 14
Y*154 Y*124 Y*104 154*104 124*154 124*104 104*Y
IRA28 IRA26 IRA24 IRA4 IRA22 IRA10 IRA20

o S50 sdle pled )0 wio pl )5 IS8 oz Slogads ln (Slaye (2le) poe Slio Gl ly 520 =Y Jgor
Table 2. Analysis of variance of important traltée@n Squares) for the Chinese shape silkworm gpestfor all

studied years

Traits
S.0.vV
Cocoon Best cocoon Cocoon weight Cocoon shell
number/liter percentage percentage
(%) O (%)

Model 12.44 1% 1180.739*** 364.072*** 210573.0***
Genotype 13.249%** 3.200*** 1.153** 5796.754**
Year 4.105*** 22.583*** 17.493** 68005.92**
GenotypexYear 76.008*** 2.148*+ 2.409*** 5766.497***
R? 0.994 0.995 0.985 0.999

** (P<0.01); ** (P<0.001)
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Table 3.Least-squares meafar cocoon shell percentage among silkworm linestaeir crossings from GO to G5

Least-squares means of cocoon shell percentage

Genotype GO G1 G2 G3 G4 G5 Least-squares means+SE
32 19.81 +0.08 - 18.42+0.06< 18.42 +0.07" 19.85 +0.06 ¢ 20.16 +0.07. 5% 19.21 +0.03°
104 20.24 +0.087 - 18.550.069° 18.72 +0.087 18.90 +0.069 18.96 +0.074' 18.77 +0.031
124 21.38 +0.087 - 19.47 +0.069 19.47 +0.087 20.00 + 0.069° 20.00 +0.0748 19.68 +0.031¢
154 18.87 +0.08 - 19.01 +0.06¢  20.10 +0.08 ™ 19.32 + 0.06¢ 20.70 +0.074¢ 19.78+0.03 1%
Y 20.80 +0.08 - 19.45 +0.06€  19.96 +0.08 © 19.04 +0.06 ¢ 20.57 +0.07£9% 19.75+0.031°%

IRA2 19.71+0.087 18.10 +0.087 18.40 +0.06%  20.10 +0.087" 19.66 + 0.069¢ 20.00 +0.07%# 19.54 +0.03%
IRA4 20.21+0.08 18.87 +0.08°  18.10 +0.06 ¢ 18.89 +0.08 ¢ 19.85 +0.06¢ 18.76 +0.07." 18.90+0.03F"
IRAG 19.81+0.08  18.710.06°  17.85 +0.06"  18.94 +0.087° 19.60 + 0.06 % 20.01 +0.07£% 19.10 +0.03
IRA8 20.97 +0.087 19.10+0.087  18.89 +0.06F"  20.32 +0.08%  20.37 *0.06%" 19.94 +0.074° 19.88 +0.03%°
IRA10 20.3240.08  20.32 +0.08% 19.25+0.06°%°  18.92 +0.08¢ 19.94 +0.06 ¢ 19.17 +0.074 19.32+0.037
IRA12 20.45+0.08  19.21 +0.08°  19.02 +0.06¢  20.25+0.08*  20.39 +0.06¢°  20.44 +0.07£% 20.03+0.03F>
IRA14  20.30+0.087 19.68 +0.087°  19.57 +0.06§  20.24 +0.087%* 20.88 + 0.069 21.80 +0.074* 20.62 +0.031
IRA16 20.00 +0.087 18.9 +0.087 19.82 +0.069  20.23 +0.087  19.61 +0.069¢  20.10 +0.074* 19.94 +0.03%¢
IRA18 20.11 +0.08  19.52+0.087™°  18.95 +0.06¢°  19.95 +0.087°°  20.61 + 0.06¢ 20.47 +0.07.6% 20.00+0.03F"
IRA20 20.00 £0.08  20.00 £0.087* 18.94+0.06%  19.82+0.08%  20.(5+0.06¢  20.05 +0.07 9% 19.60+0.031%
IRA22 20.19+0.087 19.57 +0.087° 19.64 +0.069°  19.65+0.087  20.22 +0.069 20.61 +0.074° 20.03 +0.0331*
IRA24 19.96+0.08 19.00 +0.08°  19.19 +0.06 © 19.70 #.087¢  20.40 +0.06%®  20.49 +0.07.°% 19.95+0.037¢
IRA26 21.05+0.087 19.50 +0.087°  19.90 +0.069 20.36 +0.087 20.54 +0.069 21.32 +0.074 20.53 +0.03%
IRA28 20.73+0.087 19.93+0.087  19.03 +0.069 19.71 +0.087  19.54 + 0.069° 19.78 +0.074 19.52 +0.03%

&9 east-squares means with different superscripisinvihe same column differ significantlp<0.05).
" Missing data’” Average of last four generations (G2, G3, G4, @Bl
iy Joaid Uy Juud SISl Jols (slacaS 5 g o 0l 0,5 slocnY e 5o aly (559 Sl e Sl 5 Slo ¥ Jgor
Table 4.Least-squares meafar cocoon weight among silkworm lines and theossings from GO to G5
Least-squares means@coon weight (g)
Genotype * o~
GO Gl G2 G3 G4 G5 Least-squares means+SE

32 1.475 +0.006 - 1.637 +0.006° 1.500 +0.006* 1.508 +0.00% 1.496 +0.006° 1.535 +0.003%
104 1.534 +0.00 - 1.631 +0.00¢ 1.529+0.006 1.485 +0.00: 1.521 +0.00°¢ 1.533 +0.00 %
124 1.527 +0.006 - 1.606 +0.006% 1.430 +0.006° 1.477 +0.00% 1.453 +0.006° 1.492 +0.003
154 1.498 +0.006 - 1.596 +0.006" 1.461 +0.006° 1.524 +0.005"  1.586 +0.006 1.542 +0.003%

Y 1.582 +0.00 - 1.643 +0.00 2 1.582 +0.00¢° 1.408 +0.00f 1.437 +0.00¢ 1.518 +0.00°¢!
IRA2 1.647 +0.006 1.689 +0.006 1.636 +0.006° 1.518 +0.006* 1.623 +0.005™  1.553 +0.008° 1.583 +0.003°
IRA4 1.668 +0.006 1.656 +0.006° 1.558 +0.00€¢ 1.510 +0.006* 1.680 +0.005 1.545 +0.006* 1.573 +0.003°
IRA6 1577 #0.00  1.575 +0.007 1.553 +0.00€9 1.475+0.006" 1.542 +0.00 1.544 +0.00 ™ 1.529 +0.00 °%
IRAS 1.631+0.00 1524 +0.00€¢  1.640 +0.00€° 1.485 +0.006" 1.587 +0.00%'  1.497 +0.00 ™ 1.552 +0.00 %

IRA10 1.585+0.006 1.506 +0.006 1.580 +0.006" 1.600 +0.006* 1.581 +0.008°"  1.594 +0.006™ 1.514 +0.003"*

IRA12 1.670+0.006 1.675+0.006°  1.644 +0.006° 1.524 +0.006* 1.627 +0.005°  1.559 +0.006° 1.589 +0.00%°

IRA14 1572 +0.00 1.604 +0.00¢*®  1.687+0.006° 1.622+0.006% 1.603 +0.00 P 1.446 +0.00¢ 1.590 +0.00

IRA16 1.562 +0.006 1.592 +0.006°"  1.549 +0.00€° 1.501 +0.006* 1.608 +0.008*  1.570 +0.006™ 1.557 +0.003%

IRA18 1599 +0.006 1.611 +0.006°  1.613 +0.006% 1.421 +0.0068 1.561 +0.005 1.439 +0.006* 1.509 +0.008°

IRA20 1.654 +0.006 1.614 +0.006  1.598 +0.006*°' 1.703 +0.006 1.629 +0.005" 1.603 +0.006 1.633 +0.003

IRA22 1.600 +0.006 1.613 +0.006° 1.675 +0.006*¢ 1.517 +0.006* 1.605 +0.005° 1.538 +0.006 1.584 +0.003°

IRA24 1.599 +0.006 1.613 +0.006° 1.625 +0.006¢ 1.436 +0.006° 1.576 +0.005" 1.435 +0.008 1.518 +0.008°

IRA26 1.653+0.00  1.536 +0.00€9 1.522 +0.006 1.484+0.006™ 1.511 +0.00% 1.498 +0.00 ¢ 1.504 +0.00 ©'

IRA28 1559 +0.00  1.674 +0.00¢" 1.562 +0.00€9 1.547+0.006% 1.623 +0.008%  1.598+0.00€% 1.583 +0.00®

&9 east-squares means with different superscripisinvthe same column differ significantlip<0.05).

" Missing data!” Average of last four generations (G2, G3, G4, @&l
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Table 5.Least-squares meafar good cocoons percentage among silkworm limestheir crossings from GO to G5

Least-squares means of good cocoons percentage mean

Genotype GO Gl G2 G3 G4 G5 Least-squares means+SE
32 75.64+2.07 84.79 +2.65¢ 83.78 +1.82° 84.35+1.84%  86.48 +2.24% 83.50 +1.48 3¢ 84.53 +1.25™
104 82.73 £2.071 83.04 +2.31%" 81.44 +1.824°  81.86 +1.429°  78.18 +2.243*  86.26 +1.485™ 81.94 +0.947
124 75.77 +2.071 76.19 +2.11F°  77.96 +1.824" 83.57 +1.305>  72.64 +2.245° 85.39 +1.485" 79.89 +1.069°
154 79.28 +2.07 84.92 +2.117F 75.94 +1.82% 88.73 +1.30  87.50+2.243¢  00.91+1.48t* 83.87 +0.92.5¢
Y 78.48 £2.07 85.85 +2.65¢ 79.74 +1.822 8459 +1.30%  78.99 +2.24% 8539 +1.48 % 85.77 +0.92.%*
IRA2 77.65+2.071 79.05 +2.585> 79.99 +1.824°  86.34 +1.30%°  82.20 +2.243*  88.86 +1.485™ 84.35 +0.924°
IRA4 77.06+2.07 73.87 £2.65%®%  76.23+1.824"  88.32+1.30%*  76.03+2.243% 8553 +1.483%" 81.52 +1.25 ¢
IRA6 78.67 £2.07 76.82 +2.587°% 8523 +1.82° 90.45 +1.30° 81.61 +2.24%¢  88.47 +1.48 3 86.44 +1.22°
IRA8 79.52 +2.071 66.80 +2.11f° 77.27 +1.824°  74.85 +1.848 75.16 +2.247°  81.31 +1.485% 77.15 +0.943
IRA10 77.65+2.07 64.36+2.11¢ 76.49 +1.824°  83.88 +1.84%  81.61 +2.247%  85.84 +1.488 81.96 +0.94 °%
IRA12 75.97 +2.07 75.92 +1.493°  78.39 +1.824°  85.04 +1.30%"  76.20 +2.24 %%  84.99 +1.48 & 81.16 +1.25 °%
IRA14 76.28 +2.071 69.69 +2.656° 79.71 +1.824  89.88 +1.305 71.53 +2.243 85.28 +1.485" 78.14 +0.924'
IRA16 78.98 +2.071 76.44 +2.656°%  80.88 +1.824°  90.00 +1.30%"°  80.65 +2.242*  84.97 +1.485™ 84.13 +0.90%¢
IRA18 75.71+2.07 72.36+2.11F° 87.26 +1.824  88.38 +1.30%*  79.53+2.24%°  090.81 +1.48% 86.50 +1.272
IRA20 80.76 +2.07 70.74 +2.11° 76.72 +1.824 86,71 +1.30%*  79.83 +2.24%¢  84.98 +1.48 3 82.06 +0.94 %
IRA22 75.31 +2.071 65.18 +2.11F° 77.35+1.824  84.35+1.308°  79.11 +2.243*  92.83 +1.48% 83.41 +0.924
IRA24 76.20 +£2.07 76.2(+2.585% 80.20 £1.824%  90.74 +1.30° 8557 +2.24 % 85.20 +1.48 3 85.42 +0.94%*
IRA26 82.68 +2.071 75.97 +£2.585°  76.38 +1.824%  81.67 +1.308°  75.06 +2.248°°  83.02 +1.48%° 79.03 +0.924'
IRA28 81.71 +2.071 87.66 +2.656™ 72.73 +1.824 77.97 +1.305°  73.72 +2.24%° 84.51 +1.485> 77.23 +0.924'
T east-squares means with different superscripisiihe same column differ significantliP<€0.05).
" Average of last four generations (G2, G3, G4, @ajl
e o b 5l onds alg (S5 sl 5 5 bagnY (oot o i ) aly St cideo Slas e il (2 Sile -7 Jsor
Table 6.Least-squares meafar cocoon number/liter among silkworm lines ahélit crossings from GO to G5
Genotype Leas-squares means of cocoon number/
GO Gl G2 G3 G4 G5 Least-squares means+SE
32 104 +2.24 97 +2.872 101 + 2.326°% 102 +2.9979 111 +2.5220 12342.050° 109+1637P%
104 101 +2.248 101 + 2.621° 102 +2.058°% 109+2.093" 110 +2.5275 105+2.864* 107 +1.492%
124 100 +2.248 95 +2.621' 91 +2.059 101+2.824° 112 +2 5225 115 +2.864¢ 105 +1.316°
154 105 +2.248 100 +2.45F 113 +2.059 105 +2.8245 115 +2 527 116 +2.864" 112 +1.52F
Y 104 +2.24 104 +2.21; °%e! 105 +2.32(bcd¢ 108 +2.82.3% 122 +2.52,% 106 +2.86.% 110+.94€3
IRA2 102 +2.248 125 +2.21F 109 + 2.059°°" 106 +2.824°% 108 +2.527% 116 +2.864" 108 +1.919°
IRA4 108 +2.248 125 +2.62F 118 + 2.058" 108 +2.993% 110 +2.5275 112 +2.864" 112 +1.629¢
IRA6 106 +2.24 102 +2.62;% 118 +2.321% 117 42.99:2 124 +2.08¢° 115 +2.05/* 119+1.72:2
IRA8 98 +2.248 124 +2.62F¢ 104 +2.058°% 109 +2.824*¢ 109 +2.522% 107 +2.0506" 107 +2.639¢
IRAL0 113 +2.248 128 +2.21F 113 + 2.059™ 100 +2.824*¢ 115 +2.527% 110 +2.864™ 113 +1.637
IRA12 105 +2.24 97 +2.45:¢ 102 +2.05!bed 113 +2.99:%* 102 +2.52;°° 103 +2.05(* 106+1.37:%
IRA14 95 +2.24i 113 +2.54;30cd 94 +2 05¢% 89 +2.82.1 98 +2.52.¢ 94 +2.05(° 94+1.77(¢
IRAL6 112 +2.248 126 +2.21F¢ 107 +2.05G°c 110 +2.824* 112 +2. 5270« 106 +2.050° 109 +1.846%
IRA18 107 +2.248 120 +2.21F° 110 + 2.059°% 111 +2.824¢ 110 +2.5275% 112 +2.0506¢ 111 +1.568
IRA20 105 +2.24 108 +2.271;bede 116 + 2.05!3 92 +2.82.% 116 +2.56'3 104 +2.86.% 104+2.30¢
IRA22 101 +2.248 121 +2.21 8" 99 +2.0554 104 +2.8245 107 +2.522° 104 +2.864¢ 104 +1.728°
IRA24 109 +2.248 120 +2.62F™ 109 + 2.05°c 111 +2.993*¢ 109 +2.522% 112 +2.864" 111 +1.494
IRA26 99 +2.248 100 +2.62F 101 + 2.059° 101 +2.8245 113 +2.527% 105 +2.864¢ 108 +1.190°
IRA28 108 +2.248 99 +2.21F" 106 + 2.05§°c 110 +2.824* 105 +2.525° 112 +2.864" 110 +1.413"

aT| east-squares means with different superscripisinvthe same column differ significantlp<0.05).
" Average of last four generations (G2, G3, G4, @bl
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Table 7.0Overall difference between silkworm genotypes far two selected traits based on deviation from mate
control line in the relevant year

Genotype Control lines Cocoon weight (Q) Cocoon shell percentage
IRAG 32 0.01075% 1.0975%
IRAS 32 -0.00675 -0.1150%
IRA14 32 0.09800°%" 0.8875%
IRA12 32 0.04675% 0.2425"
IRA16 104 0.01550™ 1.1575°
IRA18 104 0.01700* 0.2600™
IRA2 32 0.04075™ 1.0975%
IRA20 104 0.11575° -0.0487°°
IRAL0 124 0.09725 -0.4150%°
IRA22 124 0.042007™ 0.2475"
IRA4 154 0.03150™ -0.8825"
IRA24 Y -0.0247%° 1.4325°
IRA26 Y 0.03025™ -0.3650%
IRA28 104 0.00050 -0.0487%

a0 Means with different superscripts within the sazokimn differ significantly P<0.05).
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Abstract

Introducing new lines to produce high-quality siksn hybrids is one of the ongoing tasks of thevailkm
breeding centers. Five lines of Y, 124, 154, 104 82 with Chinese-shaped cocoons were selected thhe gene
bank. Based on the diallel cross, 20 genetic comg®uvere reared massively over three generatiofter A
establishing the basic generation with 14 genetimhinations, the multi-trait selection was perfodrfer five
generations by the independent culling levels nukthilo compare the performance of parental lines thed
combinations, data on the four traits of cocoonghticocoon shell percentage, good cocoons pegentand
cocoon number/liter (cocoon size) statisticallylgred in each year and the overall five years. mean of cocoon
weight and cocoon shell percentage of all genaimhlinations were higher than the parental lifes0(05). The
average response to selection for cocoon shelleptage was more than one percent in the three igenet
combinations compared to the maternal parent. Rergpod cocoons percentage, the best combinatiatanb
significant difference with the best lines (104 ar)d While cocoon size in one genotype (IRA14) wasy large
(94 cocoons/ liter), other genotypes of large cosodid not show significant differences with thdises with large
cocoons (154 and 124). Genetic improvement of coseeight was positive for 12 out of 14 genetic camabons,
but only one of them increased more than 0.Thg best lines will select finally after doing theossbreeding
program of Chinese with Japanese lines.
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