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Introduction: Commercial silkworm hybrids result from the controlled crossing of the Japanese-shaped
parent with the Chinese-shaped parent (direct cross) and vice versa (reverse cross). Suppose the silkworm
hybrids resulting from direct and reverse crossing have a large difference in the performance of the important
productive, reproductive, and viability characteristics. In that case, they are not suitable for supply to the farmers.
In this research, to identify the hybrid pairs with the least differences, the traits of 72 reciprocal hybrids (36
mating pairs) were tested by statistical methods. These results will be used for the final selection of commercial
hybrids. Also, the genetic analysis of reciprocal hybrids and the estimation of genetic parameters in each of the
mating programs were done separately using line x tester analysis.

Materials and Methods: The current research was done at the Iran Silk Research Center by carrying out two
mating programs in the form of line-tester crosses between six Chinese lines (IRA2, IRA4, IRAB, IRA8, IRA10,
and IRA12) with six Japanese lines (IRAL, IRA3, IRA5, IRA7, IRA9, and IRA11). Six lines with dumbbell-
shaped cocoons (Japanese) and six lines with oval-shaped cocoons (Chinese) were crossed bilaterally. All lines
(12 genotypes) and 72 hybrids (36+36) were reared in a completely randomized design with 4 replications. All
stages of hatching and rearing of silkworm lines and hybrids in this project were done in the same way based on
standard methods. The studied traits including the number of cocoons per liter, cocoon weight per liter, best
cocoons percentage, middle cocoons percentage, cocoon weight per 10,000 larvae, hatchability percentage,
cocoon weight, cocoon shell weight, cocoon shell percentage, and pupation rate were recorded and analyzed by
applying of GLM procedure of SAS software. Linextester analysis was applied to study the reciprocal crossing
effect and estimate genetic parameters. Gene effects, heritability, o’gca/c®sca, and Baker’s ratio were
investigated by applying of IML procedure of SAS software.

Results and Discussion: The results of the comparison of reciprocal hybrids based on the total difference
(3>.D) showed that this parameter was more than the total average in 14 pairs of hybrids. Therefore they could not
be selected for commercial level. In the other 22 pairs, either none of the traits or at most one trait had a
significant difference (P<0.05). The results showed that the characteristics of cocoon weight and cocoon shell
weight were more affected by reciprocal crossing. On the other hand, the number of cocoons per liter, the
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hatchability percentage and the middle cocoon percentage were higher in Chinese mother hybrids than in
Japanese mothers. For other traits (weight per liter, cocoon weight per 10,000 larvae, pupation percentage, good
cocoon percentage and pupation percentage), Japanese mother hybrids were almost superior. The comparison of
crosses effect in Japanese-shape lines and Chinese-shape testers with Chinese-shape lines and Japanese-shape
testers showed that four traits (cocoon weight, cocoon shell weight, cocoon shell percentage and cocoon weight
per 10 thousand larvae) and for the interaction effect (line x tester), three Traits (cocoon weight, cocoon shell
percentage and pupation rate) were most affected by the substitution of parents. The values of additive genetic
variance, Baker's coefficient, ratio 62gca/c2sca and heritability in four studied traits including cocoon weight,
cocoon shell weight, cocoon shell percentage and number of cocoons per liter showed that these traits are under
additive genetic effect. Moreover, they had a higher value in Chinese mothers than the Japanese mother crosses.
The trait of cocoon weight per 10,000 larvae was also controlled by non-additive genetic effects, and the
substitution of parents did not affect their genetic parameters. The pupation rate in the direct crosses was due to
additive genetic effects, but in the reverse crosses was affected by non-additive genetic effects. In general, the
narrow sense heritability for all traits was higher in Chinese-shape than in Japanese-shape mothers.

Conclusions: In the present study, similar and close performances of the Chinese mother and Japanese
mother hybrids were determined except for cocoon weight and cocoon shell weight which was different in
almost 33% of reciprocal hybrids. The crosses effect in the line x tester ANOVA supported the result of mean
comparison for reciprocal hybrids evaluation. Further field investigations can be carried out to select the hybrids
suitable for different geographical conditions.
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Table 1- Mean comparisons between Japanese mother and Chinese mother silkworm hybrids for economic important traits
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1 IRALXIRA2 102.5 &M 181.225 %1 91.00 ©9 16.480 &° 89.72721 46120 93.1727% 1.779° 0.337 b 19.23%
IRA2xIRAL 105.3 2 188.757 *¢ 92.452 ¢ 16.637 &° 90.677 9 4.645¢" 96.805 1.688"M 0.336%1 19.82 #m
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IRAL0XIRAL 105 173.712 ¢ 93,525 b4 16.180 >4 85.865 ok 9.230 %9 97.740 1.629%Y 0.316"" 19.50°P
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IRA4XIRAS 95.3 Fm 171.582 P 94.262¢ 16.790 &° 87.162 b 8.025 b 97.272% 1.735 ¢ 0.331°" 19.2194
15 IRASXIRAG 100.8 ™ 174.585 *P 93.830 ¢ 16.462 *° 93.902 4,745 92.4152¢ 1.690 0.305 %" 19.100
IRABXIRAS 111.8%¢ 172.405 P 92.100 © 15.280 29 94.717 ¢ 3.965¢" 97.907 1.565%Y 0.333¢™ 19.60%°
16 IRA5XIRA8 103.3 ! 172.530 P 90.100 %9 15.785 ¢ 93.502f 3.005¢" 94.867 2x 1.684 W 0.3336m 19.99#
IRABXIRAS 100.3 ™ 166.882 90.885°9 16.017 ¢ 90.747 %9 5.930 ¢" 96.170% 1.668 k- 0.3370% 20.34 %4
17 IRA5XIRAL0 99.8 ™ 170.820 P 96.610 2 16.932 *° 90.93229 6.480 ¢" 97.650% 1.740°% 0.332f 19.24%4
IRAL0XIRA5 105.3 #* 168.300 &P 89.155¢" 16.090 ¢ 84.562 ok 12.907 =@ 97.835 % 1.656™w 0.312" 18.96 k"
18 IRASXIRAL2 98.3 ¢m 170.780 P 95.015%¢ 16.465 ¢ 93.867 *¢ 3.815%" 98.017° 1.7149v 0.341 2 19.93%
IRA12xIRAS 101 ™ 168.700 % 82352 15.285 "4 80.555 14.425 *° 97.522% 1.618Y 0.306 1" 19.13"a
19 IRA7XIRA2 99.3 ¢m 178.065 *! 92.827 ¢ 17.630 ® 95272 1.417" 90.617% 1.790% 0.345 " 19.42%4
IRA2xIRAT7 109.8>f 175.262 *° 91.585 o 15.755 89.220 *i 4.855¢" 98.067 1.664w 0.318 9" 19.35¢
20 IRA7XIRA4 98.3 ¢m 176.542M 94.1202¢ 17.107 &° 93.547 2 4.380°" 96.950% 1.873 % 0.3722 20.20
IRA4XIRAT 99 dm 165.800 9° 90.432%9 16.055 ¢ 80.947 15.540 2 96.702 1.656™ 0.326°" 19.78°"
21 IRA7XIRAG 92.81m 185.172 91.452 ¢ 17.895° 96.135° 2.867" 98.002° 1.857%¢ 0.3107" 19.38%4
IRAGXIRAT7 11652 180.087 K 89.610°" 14.095 ¢ 94.277 2 3.832¢h 97.095% 1.6215Y 0.356 >4 19.2094
22 IRA7xIRA8 94.3 9m 183.86729 92.262 ©® 17.390 @ 93.902 *¢ 3.762¢" 91.337 2 1.849%¢ 0.333¢m 19.44¢-4
IRA8XIRAT7 101.5 bm 168.925 ¢° 90.570%9 16.295 ¢ 88.540 *1 5.582 ¢h 94.3752¢ 1.671 0.333°m 20.15 %9
23 IRA7xIRAL0 95.3 Fm 177.150 & 94.405 ¢ 17.285 &° 90.217%h 6.715¢h 94,057 2¢ 1.8872 0.369 >4 19.70%°
IRALOXIRA7 105.8 *! 176.385 ™ 92.485 e 16.487 =4 90.657 =9 6.105%h 97.737% 1.694 0.329 41 19.60%°
24 IRA7XIRAL2 90.5'm 177.302 & 90.122 16.272 24 92,4929 3.470¢" 97.315% 1.847 ¢ 0.369 *° 20.36 ¢
IRA12xIRAT7 113 @ 170.620 P 81.407 14.885 87.522 %1 9.022%9 98.280 2 1.659"Y 0.316"" 19.35 ¢4
25 IRA9XIRA2 95.8 fm 177.887 = 96.602 17.412°% 90.76729 6.117 ¢h 95.697 2x 1.82450 0.354 2¢ 19.70%°
IRA2xIRA9 100.3¢™ 167.290 &P 90.975°¢ 15.510 29 91.75229 4387 &0 97.427 % 1.672w 0.325°%" 19.812™m
26 IRA9XIRA4 98.3 ¢m 175.407 *° 96.6622 17.560 90.0052" 6.085°" 97.270% 1.789%" 0.345 2" 19.70%°
IRA4xIRA9 103.3 170.522 P 89.882¢" 14,562 86.905 ** 8.755 " 96.910 1.623™ 0.310*" 19.25%
27 IRA9XIRAB 1143 2¢ 184.24729 94.145 4 17.022 &¢ 88.390% 8.937 *h 96.342 1.638%Y 0.308 1" 19.04 4
IRAG6XIRA9 110.8 *¢ 166.795 89.195¢" 14.737 94.9572 3.967¢h 96.902% 1.528 ¥ 0.283" 18.56 o
28 IRA9XIRA8 100 &M 166.550 96.0502 16.285 ¢ 92.52029 4.152¢" 91.540 2 1.699 0.317 9" 19.88%
IRA8XIRA9 100.3 & 161,115 88,507 ¢ 16.010 "4 89.222 21 5.175 4" 96.552 1.607 Y 0.331°" 19.961
29 IRA9XIRAL0 104.8 ** 187.052 ¢ 94.815 ¢ 17.085 &° 89.19227 7.722%f 93.7752%¢ 1.767 0.345 h 19.82%
IRAL0XIRA9 108 & 172.157 P 92.385 ¢ 15.980 b9 85.722¢ 10.070 *f 98.4272 1.629%Y 0.3081" 19.04149
30 IRA9XIRAL2 101.8 ™ 181.050 *1 92.992 b4 16.830%¢ 87.892%3 8.730%" 92,5302 1.761>° 0.341 2 19.47°P
IRA12xIRA9 101.5 bm 157.997 ™P 90.800 9 15,952 b4 93.527 4.057¢" 97.672% 1.770%" 0.315"" 19.92%%
31 IRAL1XIRA2 98.5 hm 179.647 2 93.930 29 17.392°% 95.075 2 4.027¢h 94.462 3¢ 1.788% 0371 19.792"
IRA2xIRALL 100.8 ™ 169.790 ¢° 92.965 9 16.410 >4 90.790 9 6.385 ¢h 97.165 1.686™ 0.316"" 19.01 i
32 IRAL1xIRA4 101.3 M 193.0822 94.760 #© 17.762 91,7729 5.707 4 88.667° 1.8362f 0.340 2k 18.51 ¢
IRA4xIRALL 101¢™m 183.920%9 91.045¢9 16.617 &° 87.807 & 7.170¢h 97.070 1.771%m 0.329 ¢ 18.83 "
33 IRAL1XIRAG 100.8 ™ 174.95220 87.305 1 17.552 % 95.297 2.345 % 97.022% 1.762b° 0.329 41 18.90 '
IRA6XIRALL 110.8 *¢ 174.610%0 63.482 15.215 ¢ 89.737 & 8.462 0 97.360 1.640%Y 0.296 ' 18.39 "
34 IRA11xIRA8 98.3e™ 180.007 % 92.342¢¢ 17.9472 94.465 ¢ 3.922¢0 95.682 2 1.760° 0.332°" 18.97 K
IRA8XIRALL 108.5 ** 182.007 * 88.532¢ 17.635° 92.700 9 4.075¢" 96.460 * 1.7099 0.326 " 19.25%
35 IRA11xIRA10 106 181.782 94.812 ¢ 16.280 ¢ 93.120 9 2.140 ¢ 96.040 2 1.728%t 0.329 41 19.26%4
IRAL0XIRA1L 116 183.345 2" 83.0209% 15.065 ¢ 86.780 ¥ 8.087 1 98.515° 1.650 ™ 0.305%" 18.81 "
36 IRA11xIRA12 933 169.137 ¢° 96.300 2 16.570 *° 93.560 *f 4.107¢" 95.407 ¢ 1.788%1 0.331°" 18.77 P*
IRA12xIRA11 105.5 & 175.672" 90.452 %9 16.855 *° 81,547 15.402 2 97.482 % 1.636%Y 0.311" 19.2094

Mean 101.99 173.64 90.99 16.35 90.35 6.18 95.9 1.71 0.33 19.56

cV 4.785 3.622 7.452 6.692 3.252 41.135 2.594 2.367 1.608 1.69
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Table 2- Comparison of 36 pairs of new hybrids of Iranian silkworms based on the differences of reciprocal hybrids
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bl Cocoon Cocoon Pupation Yeild/ B t"’ Middle Hatcha- Cocoon Cocoon Cocoon shell  JS <l
Hybrids number weight rate 10,000 es co;:oon cocoon bility weight shell percentage >D
Niter Niter (%) Larvae perc(s/r;)age percentage (%) () weight (%)
g (kg) (%) g
1 IRALXIRA2 -2.75™ -7.53™ -1.457 -0.15™ -0.95™ -0.03™ -3.63™ 0.09™ 0.00™ -0.60™
IRA2xIRAL D=12 D=10 D=5 D=5 D=6 D=4 D=27 D=29 D=4 D=28 130
2 IRALXIRA4 2.00™ 3.58™ -1.23™ -0.85™ 4470 -8.70™ -1.51"™ 0.06™ 0.00™ -0.59"
IRA4xIRAL D=9 D=10 D=4 D=14 D=22 D=62 D=11 D=19 D=2 D=24 177
3 IRALXIRAG -10.00™ -0.65™ -7.67™ 1.04m -2.73m™ 0.01™ 571 0.15™ 0.02" -0.07"™
IRABXIRAL D=33 D=2 D=12 D=17 D=10 D=2 D=59 D=35 D=21 D=3 194
4 IRALXIRA8 4.75™ 21.56" 12.55" 0.77m 15.07" -13.56 " 2.16™ 0.18" 0.02m -0.64"
IRA8XIRAL D=25 D=45 D=41 D=16 D=58 D=63 D=57 D=46 D=31 D=31 413
5 IRALXIRAL0 2.00™ 12.18"™ -13.66" -0.94m 3.99™ -4.20™ -3.96™ 0.12" 0.02" 0.12"
IRAL0xIRAL D=8 D=48 D=46 D=12 D=18 D=30 D=28 D=33 D=30 D=5 258
6 IRALXIRA12 -10.00™ 5.96™ -7.88™ 0.36™ 2.31™ -4.46™ 0.73™ 0.21" 0.01 "™ 0.29™
IRA12xIRAL D=36 D=19 D=23 D=12 D=15 D=31 D=6 D=48 D=9 D=17 216
7 IRA3XIRA2 -11.75" -2.69™ 0.75™ 0.81™ 1.00™ -0.37"™ -1.44m 0.12" 0.03" 0.47"
IRA2xIRA3 D=38 D=2 D=2 D=14 D=8 D=8 D=10 D=32 D=45 D=21 180
8 IRA3XIRA4 -8.25™ -1.19m 2.52m 232" 5.48™ -3.71™ -0.13™ 0.12" 0.02" -0.22"
IRA4XIRA3 D=26 D=14 D=11 D=55 D=26 D=27 D=2 D=31 D=29 D=12 233
9 IRA3XIRA6 -5.25™ 10.94M 10.92" 1.72m 3.20™ -2.51™ -6.18™ 0.21" 0.05" 0.86
IRA6XIRA3 D=22 D=36 D=50 D=41 D=49 D=17 D=65 D=52 D=49 D=41 422
10 IRA3XIRA8 450 1424 5.42m 1.12m 2.72 -1.62"™ -2.16™ 0.18" 0.01 ™ 0.08™
IRA8XIRA3 D=17 D=61 D=19 D=17 D=17 D=11 D=16 D=45 D=10 D=3 216
11 IRA3XIRAL0 4.00™ 15.98" 2.59™ 0.90™ 7.98™ -6.10" -6.16™ 0.09™ 0.03" 0.97
IRAL0xIRA3 D=24 D=63 D=13 D=25 D=49 D=55 D=63 D=26 D=39 D=43 400
12 IRA3xIRA12 -7.00™ 0.50™ 2.56™ -0.04m 4.85" -4.03™ -0.08™ 0.09™ 0.02" -0.01™
IRA12xIRA3 D=12 D=1 D=15 D=4 D=26 D=30 D=1 D=28 D=23 D=2 142
13 IRA5XIRA2 -8.00™ -11.10m -2.18™ -0.32m 5.46™ -5.52" -0.76™ 0.05™ 0.02" 0.56"™
IRA2xIRA5 D=21 D=16 D=12 D=3 D=32 D=26 D=6 D=17 D=26 D=27 186
14 IRA5XIRA4 3.50™ -2.52m 2.68™ 0.62™ 471" -3.40™ -3.02™ -0.03m™ 0.00™ 0.64
IRA4XIRA5 D=8 D=13 D=10 D=10 D=24 D=21 D=23 D=7 D=1 D=30 147
15 IRA5XIRAG -11.00 ™ 2.18"™ 1.73™ 1.18™ -0.82" 0.78™ -5.49 " 0.13m 0.01™ -0.50"
IRA6XIRA5 D=34 D=6 D=8 D=19 D=6 D=7 D=55 D=31 D=3 D=21 190
16 IRA5XIRA8 3.00m 5.65"™ -0.78" -0.23™ 2.75™ -2.92" -1.30™ 0.02" 0.00 -0.35™
IRA8XIRA5 D=16 D=18 D=3 D=8 D=15 D=24 D=14 D=12 D=5 D=11 126
17 IRA5XIRAL0 -5.50™ 2,521 7.46™ 0.84" 6.37™ -6.43" -0.18" 0.09™ 0.02m 0.29™
IRA10xIRA5 D=47 D=9 D=23 D=15 D=37 D=20 D=3 D=25 D=28 D=16 233
18 IRA5xIRA12 -2.25™ 2.08M™ 12.66" 1.18" 13317 -10.61" 0.50™ 0.10™ 0.03" 0.81"
IRA12xIRAS D=10 D=8 D=54 D=19 D=58 D=54 D=19 D=32 D=32 D=56 342
19 IRA7XIRA2 -10.50"™ 2.80™ 1.24™ 1.88" 6.06" -3.44 -7.45 0.13" 0.03" 0.07m™
IRA2xIRA7 D=19 D=8 D=18 D=53 D=35 D=36 D=64 D=36 D=27 D=3 299
20 IRA7xIRA4 -0.75™ 10.74" 3.69™ 1.05" 12.60" -11.16" 0.25™ 0.22" 0.05" 0.42"
IRA4xIRAT D=16 D=35 D=18 D=17 D=54 D=45 D=5 D=48 D=40 D=19 297
21 IRA7XIRA6 -23.75" 5.09™ 1.84m™ 380" 1.86™ -0.97™ 0.91™ 0.24" 0.05" 0.18™
IRABXIRAT D=66 D=9 D=9 D=70 D=13 D=19 D=13 D=59 D=57 D=10 325
22 IRA7XIRA8 -7.25m™ 14.94™ 1.69™ 1.10™ 5.37™ -1.82" -3.04™ 0.18" 0.02" -0.71"
IRA8BXIRAT D=28 D=43 D=14 D=21 D=34 D=15 D=25 D=39 D=31 D=34 284
23 IRA7XIRAL0 -10.50"™ 0.76" 1.92" 0.80™ -0.44" 0.61" -3.68" 0.19" 0.04" 0.10™
IRAL0XIRA7 D=45 D=2 D=11 D=16 D=5 D=6 D=30 D=46 D=40 D=5 206
24 IRA7xIRA12 -22.50" 6.68" 8.72™ 1.39™ 4.97m -5.55" -0.97™ 0.19" 0.05" 1.01"
IRAL2xIRA7 D=67 D=21 D=25 D=26 D=32 D=51 D=17 D=40 D=51 D=43 373
25 IRA9XIRA2 -4.50™ 10.60™ 5.63™ 1.90" -0.98m™ 1.73m -1.85™ 0.15™ 0.02 -0.12"™
IRA2xIRA9 D=14 D=24 D=21 D=50 D=7 D=12 D=18 D=30 D=16 D=4 196
26 IRA9XIRA4 -5.00™ 4.89" 6.78™ 3.00" 3.10™ -2.67™ 0.36™ 017" 0.03" 0.46 "
IRA4XIRA9 D=29 D=18 D=24 D=65 D=19 D=23 D=4 D=42 D=47 D=20 291
27 IRA9XIRAG 3.50™ 17.45"™ 495" 228" -6.57™ 497" -0.56™ 0.11" 0.02 0.48™
IRA6XIRA9 D=3 D=42 D=18 D=53 D=40 D=41 D=6 D=15 D=7 D=22 233
28 IRA9XIRA8 -0.25™ 5.44" 7.55m 0.27" 3.30™ -1.02" -5.01" 0.09" 0.02" -0.08"
IRA8BXIRA9 D=4 D=8 D=24 D=5 D=22 D=12 D=31 D=27 D=17 D=15 165
29 IRA9XIRAL0 -3.25™ 14.90™ 2.43m 1.10™ 3.47m -2.35™ -5.78" 0.14" 0.04" 0.78 "
IRA10xIRA9 D=10 D=38 D=17 D=18 D=20 D=22 D=52 D=42 D=59 D=38 316
30 IRA9XIRAL2 0.25m 23.05" 2.19™ 0.88" -5.64" 467" -5.14" 0.01" 0.01" -0.45"
IRA12xIRA9 D=1 D=56 D=19 D=13 D=34 D=38 D=49 D=4 D=12 D=16 242
31 IRA11xIRA2 -2.25™ 9.86" 0.97™ 0.98" 4.28™ -2.91m -2.70™ 0.08" 0.05" 0.78"
IRA2xIRA11 D=13 D=27 D=10 D=15 D=27 D=20 D=16 D=27 D=53 D=37 245
32 IRAL1xIRA4 0.25" 9.16™ 3.72™ 1.14m 3.97™ -1.46"™ -8.40" 0.07™ 0.01™ -0.33™
IRA4xIRALL D=2 D=25 D=16 D=21 D=21 D=19 D=43 D=24 D=15 D=10 196
33 IRA11xIRA6 -10.00™ 0.34™ 13.82"™ 234" 5.56™ -6.12" -0.33™ 0.12" 0.03™ 0.51"
IRABXIRALL D=54 D=1 D=10 D=57 D=33 D=53 D=13 D=38 D=33 D=6 295
34 IRA11xIRA8 -10.25™ -2.00"™ 3.81™ 0.32™ 177 -0.15™ -0.78"™ 0.05™ 0.01™ -0.29™
IRA8XIRALL D=46 D=3 D=14 D=9 D=13 D=4 D=8 D=20 D=14 D=19 140
35 IRAL1xIRA10 -10.00 ™ -1.56"™ 1.79" 1.21" 6.34" -5.95" -2.47"™ 0.08" 0.02" 0.46 "
IRAL0XIRA11 D=13 D=5 D=6 D=24 D=39 D=52 D=15 D=28 D=25 D=21 228
36 IRA11xIRA12 -12.25m™ -6.54" 5.85™ 0.29™ 12.02" -11.30" -2.08™ 0.15" 0.02™ -0.43™
IRAL2xIRA11 D=47 D=9 D=33 D=6 D=54 D=50 D=13 D=46 D=31 D=17 308
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