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5 - Independent Culling Levels
6-Mass Rearing

7- Reciprocal

8- Multiple Trait Selection
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1 - Two-parental hybrids

2 - Mutant

3 - Intrastrain Hybridization
4 - Interstrain Hybridization
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1- Breeding Goal Traits
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Table 1- Naming of new genetic combinations produced by five parental Japanese-shape silkworm lines

S5 ls g elagyY 1 2 3 4 5

Parental Japanes-shape lines 31 103 151 153 1524

S5 olS 5 s sla gl 1 2 3 4 5 6
New name 31x153  151x153  103x151 103x153 153x1524 1524x103
for genetic combinations IRAS IRA7 IRA1 IRA3 IRA11 IRA9

el 35 58 —(li b 5 sl (Sluse ) oo Sl uily)ly 4 o5 -V Jgaa
Table 2- ANOVA of important traits (Mean Squares) for the Japanese-shape silkworm genotypes

Fb g g Sl 5l 0

o s g R Ay 0js st dly do)d

ol 5 n n

So)l;‘;eé; Variation ISEICI?& " %?gi(;% t Cocoon Sheoll Cocoon Best Cocogn
ILitre [Litre (2) Percentage (%) Weight(g) Percentage(%)

Model 72129.250™"  149.174 34134947 865.507"" 112827.012"*

Genotype 417.249™"  1956.914 ™ 75.223" 8.459™ 316.162™

Year 1480.545™" 103.020 ™" 814.374™" 24,683 6155.987""

GenotypexY ear 100.215™* 30.480" 44,776 ** 0.816"" 61.305""

Error 45.22 17.699 17.69 0.13 1.778

R? 0.997 0.997 0.997 0.995 0.995

F#(P<0.01) ; *** (P<0.001)

iy Jod U jo o ST 5] ol sl S5 g el 35 slocY 0 0o a0 Slape Jilis (:SiLe = Y Jgur
Table 3- Least-squares means for cocoon weight among silkworm lines and their crossing from GO0 to G5

5 g5 bl by, e gy Saype S (ke
éénot o Selection Least-squares means of cocoon weight (g)
P Method GO G %) G3 Gd G5 Average!
No Selection 1592 1592 1563 1572 1.588 1579
31 ®RMy  I9IH0007T - 0h0gd 100064 £0.006¢  +0.006e  +£0.005¢  +0.003¢
103 No Selection 1.720 1755 1755 1.642 1.615 1.640 1.663
(R.M.) +0.007 £0.008°  +0.006°  =0.006%! +0006de  +0.005%  +0.003
51 No Selection 1.648 1713 1713 1.663 1.733 1.693 1701
(R.M.) £0007  +0.008%  =0.006%¢  +0.006™  +0.006%  +0.005%  +0.003 b
53 No Selection 1.647 1.674 1.672 1.670 1708 1.689 1.690
(R.M.) £0007  +0.008%  =0.006%  +0.006%°  +0.006%¢  +0.005%  =0.003 <
1524 No Selection 1705 1.624 1.625 1.624 1.701 1.633 1.646
(RM.) £0007  +0.008%  +0.006  +0.006¢  +0.006%¢  +0.005%  +0.003
IRAS Lo 1.693 1.653 1.671 1.623 1706 1.654 1.664
.C.L £0007  +0.008%¢  =0006%  +0.006¢  +0.006™¢  +0.005%  =0.003 <
RA7 Lo 1763 1.677 1.727 1.678 1.774 1.669 1712
-C.L. £0007  +0.008%  =0.006%  +0.006%°  +0.006%  +0.005°¢  =0.003
AL Lo 1796 1715 1759 1.723 1780 1.765 1757
-C.L. £0007  +0.008%®  £0.006°  +0.006°  +0.006%  +0.005°  +0.003°
IRA3 Lo 1719 1760 1.700 1.689 1.693 1.960 1.693
-C.L. +0.007 £0.008a  +0.006abc  +0.006ab  =0.006%  =0.005%  +0.003
RALL Lo 1776 1.679 1734 1.693 1.800 1.718 1736
-C.L. £0.007  +0.008™  £0.006®  +0.006®  +0.006°  +0.005®  =0.003°
IRA Lo 1759 1.652 1.666 1.643 1,652 1.651 1.656

+0.007 £0.008 %4 +0.006%¢  +0.006 > +0.006 +0.005 * +0.003 «¢

(P<e/0) sl o 4l ne MBI gyl cglite g b gt b (slapSilie P
Al s oz il

ailgy (Holai b cas v

s (B> sl (3,

a.b T east-squares means with different superscripts within the same column differ significantly (P<0.05)
! Avarage of last four generation (G2, G3, G4 and G5)

2 Random Matting

3 Independent Culling Level
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Table 4- Least-squares means for cocoon shell percentage among silkworm lines and their crossing from GO to G5

g g5 Bl o) Ay 8 dopd Slayye JBlis (4 Sle
Geno type Selection Least-squares means of cocoon shell percentage (%)
Method GO Gl 3 G4 G5 Average!
3 No Selection  19.39 19.77 20.07 20.74 20.25 2022
(RM.)? £0086  +0.068° £0.066°  +0.068° 0066  £0.071%%  =0.029°
103 No Selection 1917 19.24 18.20 19.97 20.60 19.50
(RM.) £0086  £0.068"  £0.066™¢  +0.068%  £0.066™  +0.071%c  +0.029cd
51 No Selection  18.84 19.43 19.34 19.61 20.36 19.70
(RM.) £0086  £0.068%  +0.066%  +0.068%  £0.066  +0.071°  =0.029
53 No Selection  19.09 19.13 18.91 20.29 20.32 19.67
(RM.) £0086  +0.068%  +0.066°  +0.068%  £0.066%®  +0.071°  =0.029
1524 No Selection  19.00 19.45 19.80 20.35 21.49 2027
(RM.) 10086 £0.068%  +0.066%  +0.068%  +0.066°  +0.071° +0.029°
IRAS Lo 19.47 19.10 19.12 19.89 20.03 19.63
-C.L. £0086  +0.068%  +0.066%  +0.068%  £0.066%  +0.071°¢  =0.029
19.71 18.54 18.14 19.49 19.92 19.30
IRA7 LC.L £0.086 0068  +0.066®  £0.068¢  +0.066%  =0.071%  +0029 %
RAL Lol 19.05 19.13 19.15 20.01 20.74 19.78
-C.L £0086  +0.068%  £0066™¢  +0.068°  £0.066%  +0.071%  =0.029 b
A3 LeL 19.97 18.97 19.09 19.51 19.81 19.54
-C.L £0086  +0.068bcd  £0066°  +0.068%  £0.066%  £0.071¢f 0,029 b
19.32 18.45 18.26 19.34 19.41 19.00
IRATL LC.L £0086  +0.068¢  +0.0669  +0.068%  +0066¢  £0071°  +0.029¢
IRA oL 19.33 19.19 19.09 19.72 20.67 19.70
-C.L £0086  £0.068bc  +0.066%  +0.068°  £0066%¢  £0.071%  =0.029
(P<e/+0) aidl o laisine BT (sl Soglite By b (ygias 1o (sloeSils M0
A e Sk
wlyy B3las b cas ¥
St (Sl gl gy "

a.b ] east-squares means with different superscripts within the same column differ significantly (P<0.05)

! Avarage of last four generation (G2, G3, G4 and G5)
2 Random Matting
3 Independent Culling Level
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Table 5- Least-squares means for good cocoons percentage among silkworm lines and their crossing from GO to G5

e sl ) e dly do)y Sl Jibo (1 Sile
Gwy) &Y . 0
Genotype Sl\fjll:tcht:)(zln = GlLeast—square(s} ;neans of go((})gl cocoon pe(r}zentage (A))G5 —
verag
No Selection 81.50 8615 8451 82.52 9031 85.87:1.684
31 (RM.)? +1003  O3BHELITT L Sppw L1750 11687%  £1256% b
No Selection 82.52+1337  86.02 80.11 85.29 91.86  85.82+1.338
103 (RM.) 84.75+1.369 ab £1538%  £17599  +1.687°  +1.256° ab
51 No Selection 83.23 825941315  89.44 81.88 87.73 8930  87.09+1.787
(RM.) +1.103 abe L15120  £1488%  £1386°  +1.776% a
53 No Selection 85.27 76761396  79.09 83.04 85.63 87.02  83.70+1.721
(RM.) +1.052 abe +1538¢  £1.759%  +1386°  +1.256% ab
1524 No Selection 80.97 74041315 86.65 82.09 82.89 91.87  85.85 +1.638
(RM.) +1.835 abe £1.5120 14883  £]687%  +].256¢ ab
, 78621337  81.75 85.55 83.92 90.89  85.38+1.767
IRAS LC.L 74.69 £1.18 abe +1512%  +£1488°  +1386%  +1.776%® ab
RA7 Lo 83.48 729941337  85.89 80.40 86.37 8430  84.09+1.365
-C.L. +1.369 c £1.175%  £1759%  +£]1386%  +1.776° ab
AL Lo 79.90 72641315 8433 82.76 79.88 8625  83.311.375
-C.L. +1.052 c £1512%  £1759%  +£]1386%  +1.776% ab
RA3 Lol 83.48 75921337 80.81 72.73 85.89 90.44  82.34+1338
-G L +1.052 abe £1538¢  +1.759b  +1.687°  +1.256% b
83.50 78761396  82.61 86.68 81.65 88.94  84.79+1.481
IRAII LC.L. +1.052 abe £1776%  £1488°  +£1.687%  £1256% ab
82.36 78621315 83.67 84.11 84.30 80.85  85.65+1.338
IRA9 LC.L. +1.103 abe £1512%  £14889  £1.687%  +1.776% ab

2.5 Least-squares means with different superscripts within the same column differ significantly (P<0.05)

! Avarage of last four generation (G2, G3, G4 and G5)
2 Random Matting
3 Independent Culling Level
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Table 6- Least-squares means for cocoon number/litre among silkworm lines and their crossing from GO to G5

g g5 Gbal o, s )0 g ol Slayye JBls 4 Ske
E}éno tvpe Selection Least-squares means of cocoon number/litre
P Method GO Gl G2 3 G4 G5 Average!
., No Selection 81,50 118 122 133 142+ 130£1.407  134+1.150
(RM.)? £1.103  £1243%  £]184%  £]1613%®  1380° ab a
No Selection 119 120 138 135+ 12041702 131+1.636
103 (RM.) B4T5E1369 o430 srigate 115550 1.380° bed ab
No Selection 83.23 119 125 131 126 . 129+1.121
151 (RM.) £1.103 12439  £13353 15558  xpgg7ave  133ELT02 abe
53 No Selection 85.27 116 119 125 107 + 12241407 118+1.216
(RM.) +1.052 £1885%  £1335%  x]613%  1.097¢ abed ed
1524 No Selection 80.97 114 119 131 137+ 12741.407  129+1.680
(RM.) +1.835  +1.885b 41567  £]1555%  ]3g0% abe abe
114 120 126 123 121 £1.210
3 cd .
IRAS LC.L H11268 |, D o sieate aq3pgea 1151607 Ny
115 120 123 110 . 115+1.636
IRA7 LC.L 0741774, 5 1080k s1613¢  ap3goed 1071702 |
114 119 124 121 11941702 121+1.136
IRAL LC.L T6£1.268  jgg5tc 415670  +1.555¢ 10970 bed bed
112 117 120 119 11241407 117+1.241
IRA3 LC.L T2£L268  1o43¢ 41184 41613 £1.09754 d d
112 123 127 121 11541.407  122+1.636
IRATL LC.L H4£1268 4 o4se L1520 416130 413805 «d bd
117 125 127 126 + 11541.407 123 +1.387
IRA9 LC.L HS£1.636 ggsa 115670 +1613¢  1.380 % o bad
(P<e/+0) aidl o laisine BT (sl Soglite By b (ygias 1o (sloeSils M0
A s g (Ske
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St (Sl gl gy "

a.b ] east-squares means with different superscripts within the same column differ significantly (P<0.05)

! Avarage of last four generation (G2, G3, G4 and G5)
2 Random Matting

3 Independent Culling Level
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Table 7- Least-squares means for cocoon weight/litre (g) among silkworm lines and their crossing from GO to G5

ren o 5 A iy Sheye il S
SrP) EY - . .
Genotype Selection Least-squares means of cocoon weight/litre (g) :
Method GO Gl G2 G3 G4 G5 Average
31 No Selection 184.52 189.57 193.68 180.45 199.90 183.16 189.30
(RM.)? +1.736 +1.805 b +1.648 °d +1.484 ¢ +1.065 ¢ +1.965 d +1.387¢d
103 No Selection 190.90 200.85 200.83 193.00 200.94 199.49 198.57
R.M) +1.368 +1.858 @ +1.994 bed +1.878 ¢ +]1.582 ¢ +1.218% +]1.811] bed
151 No Selection 178.69 200.85 211.42 211.46 211.51 200.31 208.68
R.M) +1.368 +1.930 +1.549% +1.484+¢ +1.065 2b¢ +1.2182 +1.6582
153 No Selection 179.98 188.84 190.75 177.27 176.56 179.85 181.04
R.M) +1.907 +1.805 b° +1.891 ¢ +1.484 4 +1.582¢ +1.965¢ +1.387¢
1524 No Selection 187.581 192.25 191.95 198.18 223.16 193.98 201.82
R.M) +1.907 +1.858 2b¢ +1.6484 +1.878 +1.5822 +1.218 2b¢ +1.756 b
IRAS LC. L3 181.99 188.33 192.42 186.25 200.85 188.23 191.94
T +1.368 +1.858 ¢ +1.4594 +1.878 bed +1.065 < +1.218 bd +1.45] cde
IRA7 LC.L 185.78 198.30 197.42 180.153 190.83 196.82 191.19
e +1.044 +1.930 2 +1.698 bed +1.484 ¢ +1.065 % +1.218% +1.771 ede
IRA1 LC.L 197.87 201.30 205.61 196.82 206.33 200.63 202.35
e +1.368 +1.858 % +1.4592b +1.484 2 +1.582 % +1.965% +1.387
IRA3 LC.L 181.11 195.98 192.53 180.31 186.88 188.34 187.02
T +1.368 +1.805 +1.697 ¢ +1.878 +1.582 ¢ +1.218 bed +1.636 ®
IRA11 LC.L 188.29 194.79 203.95 196.70 206.31 199.35 201.58
e +1.368 +1.805 2b¢ +1.648 2b¢ +]1.878 2b¢ +]1.582¢b +1.218% +1.387 bed
IRA9 LC.L 190.81 182.77 201.43 192.77 203.11 188.24 196.39

+1.736 +1.858 ¢ +1.994 2b¢ +1.484 b +1.065 b +1.965 bed +1.677 ¢4
(P<0) 32l o b sins EM] g5 glie gyo b gt o (slmgSils
Al s ez ool
wlyy B3las b cas ¥

Jats (Bl o i3, 7

a.b ] east-squares means with different superscripts within the same column differ significantly (P<0.05)
! Avarage of last four generation (G2, G3, G4 and G5)
2 Random Matting

3 Independent Culling Level
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Table 8- Overall difference between silkworm genotypes for the two selected traits based on deviation from maternal control
line in the relevant year

Y] ols Y A i g 428 Aoy
Genotype Control Line Cocoon Weight (g) Cocoon Shell Percentage (%)
IRA9 1524 0.00725° -1.2750¢

IRA7 151 0.01150° -0.4000 2b

IRA3 103 0.03000 2° 0.2800 *

IRAT11 153 0.05650 2 -0.01752b

IRAS 31 0.08475? -0.6650 b

IRA1 103 0.09375? 0.2388*

(P<e1+0) 3bl o I ine M glls oglite gy b ¢ygiw y slocySils P
-5 Means with different superscripts within the same column differ significantly (P<0.05).
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Introduction Introducing new commercial lines is one of the goals of silkworm breeding centers in the world.
Iran has the potential to introduce new lines for hybrid silkworm production due to its silkworm genetic resources and
silkworm egg production technology. The performance of productive, reproductive and viability traits in the parental
silkworms, including Japanese-shaped and Chinese-shaped lines, changes after several years for various reasons,
including inbreeding. Therefore, after a few years, it is necessary to introduce new silkworm strains. Most silkworm
breeding schemes in most of the countries are based on the introduction of the Chinese and Japanese-shaped lines to
make commercial silkworm hybrid.

Material and Methods Five Japanese - shape lines of silkworms named 31, 103, 151, 153, and 1524 were selected
from silkworm germplasm of Iran Silk Research Center in the spring of 2012. All genetic combinations obtained by
using the diallel method of mating system (20 crosses) were reared in autumn 2012 and spring 2013. After two
generations of mass rearing in each genetic combination, the reciprocal crosses in the diallel design were mixed to
establish the basic generation of this breeding scheme. The selection program was based on independent culling levels
(I.C.L.) method applied from 2014 to 2019 in the selected group. At the same time, all parental lines were reared as
control by using a random mating system. Of the 10 genetic compounds, six combinations were retained and the rest
were rejected. In this breeding program, due to the necessity of eliminating weak families, family selection, and
individual selection were both used simultaneously. In the present study, the productive traits of cocoon weight,
cocoon shell percentage, good cocoon percentage, number of cocoons per liter, and cocoon weight per liter were
compared simultaneously in the genetic combinations and control lines. Two-factor analysis of variance (including 6
genotypes and 5 years) was performed in a completely randomized design with six replications; then the results were
analyzed using SAS statistical software.

Result and Discussion In general, the effects of genotype, year and interaction effect of genotype and year were
significant for all studied traits. Based on the average performance of each trait during selection program from 2016
to 2019 years (average performance of G2, G3, G4 and G5 generations), the cocoon weight in the combinations of
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IRAIL, IRA11 and IRA7 was more than the parental lines. This advantage was also seen in the trait of cocoon weight
per liter. For the cocoon shell percentage, none of the genetic combinations in all the studied years were completely
superior to parents. The response to selection for cocoon weight based on deviation from the maternal control line in
IRAS and IRA1 was positive and significant. The two genetic compounds, IRA1 and IRA3, whose parent was 103,
had the highest genetic progression for cocoon shell percentage. Due to the superiority of the good cocoons percentage
in IRAI, this genetic combination performed well in terms of cocoon economic traits. IRA9, whose cocoon weight
gain was lower than the others, not only did not show any improvement in cocoon shell weight compared to the parent
during these years, but also showed the lowest amount compared to other genetic combinations.

Conclusion The six new genetic compounds in this breeding program had the minimum requirements for the
economically important traits of the silkworm. In other words, cocoon-related characteristics such as cocoon weight,
good cocoon percentage of each family, and cocoon size are superior to all parental lines, then they could introduce
to the silkworm gene bank. IRA1 was superior to parents in most of the studied traits. This genetic combination
showed the best performance compared to the parent for both cocoon weight and cocoon shell percentage. Therefore
it can be considered more in subsequent evaluations. IRA3 also responded relatively well. Other new genetic
combinations did not have a significant advantage over their parents in terms of cocoon shell percentage. However,
lower performance in some traits is not a reason for the new strain to be undesirable. Because the selection of the best
paternal and maternal lines (Chinese-shaped and Japanese-shaped lines) will be determined after that the hybridization
program was carried out to produce all hybrids and then the best hybrids were selected based on estimation of specific
combining ability for all important traits.

Keywords: Genetic combinations, Independent culling levels method, Random mating, Selection, Silkworm.



