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Abstract

In this study, the genetic parameters and economic weights of some important economic traits in six
Iranian commercial varieties (110, 107, 101433, Xinhongl, Komingl and Y) of the silkworm were
estimated and sdlection indices for these traits constructed. Individual recording of cocoon weight, shell
weight and shell ratio were carried out during six generations. Heritabilities and genetic correlation
between traits were estimated by restricted maximum likelihood method. The heritability of cocoon
weight and shell weight were higher than that of shell ratio. Genetic improvement of cocoon weight and
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shell weight were high in the line 101433 due to higher heritability and genetic correlation between them.
Therefore, the redtriction of genetic gain of cocoon weight in this line is expected to cause a severe
decrease in improvement of shell weight, and subsequently a decrease of selection efficiency. The genetic
improvement of cocoon shell percentage increased in restricted indices due to low genetic correlation
with cocoon weight, and sdection accuracy in these indices decreased significantly compared to other
indices. Considering the difference in genetic parameters and economic values of traits in commercial
lines of the silkworm, it would be necessary to define a separate breeding goal and selection strategy in
eachline.

K ey wor ds: silkworm, cocoon, selection index, economic weight
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Table 1. Means (= S.E.) of cocoon weight, shell weight and shell ratio (%) in the studied
lines.
Line Cocoon weight (gr) Shell weight (gr) Shell ratio (%)
110 1.602 + 0.0029 0.346 + 0.00061 21.75+ 0.026
107 1.429 + 0.0028 0.299 + 0.00060 21.12 + 0.026
101433 1.524 + 0.0030 0.343 + 0.00064 22.57 +0.027
Xinhongl 1.709 + 0.0029 0.368 + 0.00061 21.67 + 0.026
Komingl 1.628 + 0.0029 0.337 + 0.00063 20.93 +0.027
Y 1.567 + 0.0029 0.350 + 0.00063 22.47 +0.027
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Table 2. Economic values of traits (breeding moth per year) in the studied lines.

Line Cocoon weight (Rial/gr) Shell weight (Rial/gr) Shell ratio (Rial/%)
110 6258.21 110963.03 1817.57
107 6238.57 174189.06 2530.97
101433 5149.23 122927.06 2138.93
Xinhongl 5915.38 362441.92 5650.47
Komingl 5887.72 145083.41 2361.96
Y 6685.85 88289.05 1403.80
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Table 3. Heritabilities (= S.E.) and genetic correlations of cocoon weight, shell weight and
shell ratio in the studied lines.

Trait Line Cocoon weight Shell weight Shell ratio
110 064+ 0.032 0.84 0.05
107 052+ 0.037 0.87 -051
. 101433 0.73+0.039 95 0.07
Cocoonweight i ongl 0.66+ 0.025 0.88 0.22
Komingl 055+ 0.032 0.54 -0.26
Y 0.60+ 0.033 0.85 -0.03
110 0.61+0.034 057
107 0.34+0.024 -0.02
. 101433 0.73+0.038 0.39
Shell weight Xinhongl 0.71+0.029 0.65
Komingl 0.61+0.023 0.68
Y 059+ 0.033 050
110 0.32+0.022
107 0.22+0.016
_ 101433 0.26+0.025
Shell ratio Xinhongl 0.33+0.024
Komingl 0.61 + 0.022
Y 0.34+0.024

Heritabilities are shown in diagona axis and genetic correlations are shown in non-diagond axis.

Slas, Sy oluss 5429 o df;\};b'- erls galawy o olbsal s f J g

andlas 390 glaan 5l 55 23 Ol el 5 Olsl 5 5l oo sline
Table 4. Family index selection accuracy for the studied lines in the conditions of different

number of full sib records.

Record 0 10 20 30 40 50 60 70 8 90 100
number

110 0771 0824 0832 0836 0838 0839 0840 0840 0841 0841 0842
107 0549 0672 0706 0722 0732 0739 0743 0747 0.750 0752 0.754
101433 0900 0916 0919 0920 0921 0922 0922 0923 0923 0923 0.923
Xinhongl 0946 0953 0955 0.856 0957 0958 0958 0.958 0.959 0.959 0.960
Komingl 0.808 0.849 0855 0.857 0858 0.859 0.859 0.859 0.860 0.860 0.860
Y 0779 0829 0836 0.840 0842 0844 0.844 0844 0845 0.845 0.846




) VWAS oY) YV Ol wlido i il (Saals

Saols 4 bg e (VYY) Ay 23 as s 5 ((/VE) gy 23 055 ((h/0Y) Ay 035 Sliws
s Lo ly o 5 SV Komingl (gas )l 53 L83 Ao ys Cdw (5 pducilyy 54 107
(oY)

symsan by VL= 5 Selgls jasls gakews 4 ol Cds & Jads o
las, Sy sl il 3l Lol sdl ) 25 Ol 5L o5 51 o slite (glas ) oS5 slias
101433 (107 (110 slaay iy 53 olswl Cis N vv a4 o 5 5 Ol 35 4 by e
o5l o 3 VY 5 0/Y /L YV Y /0 VY Olyee 4 S5 5 4 Y 5 Komingl Xinhongl
sl

03 S gl sloul s o QLS 1 (e Ld (w4 bl 35 0 J g
b ORI EEs Ol VL s S ORI 23 el e e LS
A Y O Gladsdr 55 s s sl 5 6oLl sl cosl,il (Sl sl slaantls
Gla el galvy o olatl Ll G Sl s Slio sl 3y 50 (SG85 i Ol
ady 05y S 3 (S5 A, Ol VL Ll ol ol Al 5 el 3o ¢ sene
G Ll )00 iy b 5 Jseme gl et ls 55 dos S edalin 101433 (sl o
Sl 3 S (ol Al el s gla el 5o 5 101433 (san il Lo A3 05
A ady 08 do s G Hlatl 3y ee A Ol Sl s o SYL 5 SYL Komingl

35107 5 Komingl slaas jls a4 by o i 5

axdlas 5y 40 slaan s 5o Calie gla e ls galiny 4 bl ¢35 .0 Jgds
Table 5. Accuracy of different selection indices in the studied lines.

. . Restricted L Restricted Base Base
Line Family  “eamity  'ndividud o Gividual  individual  phenotypic
110 0839 0560 0771 0.503 0.754 0.729
107 0739 0549 0.549 0.333 0,510 0.470
101433 0922 0383 0.900 0.284 0814 0.756
Xinhongl ~ 0958 0528 0.946 0.436 0.794 0.753
Komingl 0859  0.831 0.808 0.784 0.783 0.782

Y 0.843 0.533 0.779 0.460 0.742 0.722
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Table 6. Expected genetic change in the mean of traits as the result of family and individual
conventional index selection in the studied lines.

Family conventional index Individual conventional index

Line Cocoon Shell Shell ratio Cocoon Shell Shell ratio
weight (gr)  weight (gr) (%) weight (gr) weight (gr) (%)
110 0.067 0.020 0.41 0.065 0.019 0.35
107 0.046 0.011 0.10 0.049 0.009 -0.06
101433 0.128 0.034 0.33 0.132 0.034 0.26
Xinhongl 0.083 0.030 0.63 0.085 0.030 0.59
Komingl 0.020 0.021 1.06 0.018 0.019 1.01
Y 0.068 0.022 0.41 0.065 0.020 0.35
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Table 7. Expected genetic change in the mean of traits as the result of family and individual
restricted index selection in the studied lines.

Family restricted index Individual restricted index
Line Cocoon Shell Shell Cocoon Shell Shell
weight (gr) weight (gr) ratio (%) weight (gr) weight (gr) ratio (%)
110 0 0.011 0.59 0 0.0097 0.52
107 0 0.005 0.37 0 0.0031 0.22
101433 0 0.009 0.57 0 0.0067 0.42
Xinhongl 0 0.012 0.69 0 0.0100 0.57
Komingl 0 0.019 117 0 0.0170 1.10
Y 0 0.011 0.63 0 0.0097 0.54
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Table 8. Expected genetic change in the mean of traits as the result of family and individual
base index selection in the studied lines.

Family base index Individual baseindex
Line Cocoon Shell Shell Cocoon Shell Shell
weight (gr) weight (gr) ratio (%) weight (gr) weight (gr) ratio (%)
110 0.065 0.018 0.34 0.056 0.017 0.38
107 0.034 0.008 0.05 0.024 0.006 0.11
101433 0.115 0.031 0.27 0.098 0.027 0.33
Xinhongl 0.070 0.025 0.52 0.060 0.023 0.54
Komingl 0.019 0.019 0.96 0.020 0.019 0.96

Y 0.063 0.019 0.33 0.056 0.019 0.37




AR YYAZ () TV Ol ol bl pazil (gaals

Sl s e anllae 5,50 slac Y o s Olis S5 s el )l uslie
5 aallas 5550 gla Y 4 s &L?J Shdsl o a5 S g5 0l b olis
5 Jelse S Al g 55 s sl ldd esls g Sl Sl s e Ll 2
S5 g5 sl 3 U T s Sl s pliiils Sl s e 0SS T (S5
(e 3o Sy Lane (odd J 28 5 Land) bl gaile dilen sl go 2L LT
Sliw (S5 0 S5 B 5 e (S5 el R (s n el
Sy amen 33,5 o LacsY 53§ ils Suls Comge 5 035 IS 5L
Sl VL (S5 Jemsl Xinhongl Y s )ls b1 eV s Slio o Sle b Sles
o=¥ S J s ol ola )y oYU g pdlosly 5 ol ay (33 055 5 aky 055 laws
s ol el ol Sl H S0 Slio Gl VL ULS s seb pie Js 4 107
ol a g a0} 5 5 Sy sk GLa0) Sl samt 3 Slio S (Soones
Cho oS J S G I Sl 5 g5 Lo slite W 4 S50k pe 53 350 e
355l K55 Sl Snen 3l 355 00 S ety el s Sl slageY 5
A3l ooglate sl

03505 S (o o b G (K85 S5l 055 25de (pend oS il 5 5o
S osliwl ol S 3 gd e et L 5 Ol e (AL LS e 50 (galadl S s
s ady 03 Ao s S 3 anls s ST Jls Ol se 4 (Ghanipoor, 2003)
O O7) 25l anlS o anls cpl by 055 &S il adls Llad Jl= Oles 3 5 ASL
35dome (ol Sl il e (0l spms e b s ol (S5 (Steses 55050 Slio
o 5 U e pled eslinul lodd BB Sy gdome Al 035 o 81 O 55 aS ol
S bl il andls sy g A8 s Cossdone S Sladle o L kil S 4
3 el o gl aly 035

Sy s 4 101433 (ganly > aky 05y e S sl 55 b0y

S,y Ol oS J= n g iy 23 055 Cio UYL ;'ijJNl{



w03 o Lo Ol Cilie glas 3l il ganslis (0 5 s 28 \Y

Cio b 5ol S8 Koo 5 ol B iyl s 4 Komingl szl s
S e g S aly 233 s o b e (S (Shenes 5 aly 25 055
3 AL g lls s @ Ol e 15101433 (ganly ps g S5 05 e YL A,
O35 S5 Ay 03,5 35dome 355 00 sl amd 55 odls g 035 b OF GV (Koo
S ool 5l 8wy 83 055 Cdo g 03 Sy SIS G wnly cnl s ey
SOl il 3 L8y Al Al e oolaBl Do o fege i 03 00y e
53 el sadme Gl el s Cdo ol iy sl el L (S5 sl
AU e pen 4 mie by 055 L 0T il Saemes s 4 Komingl sz
S 35 sl b ol 1S B sals s Al O3 3 Cudsdome bl ke
o Oy 8l a8 W) e LG e iy D508 ST (6l ol s sdme gla o Ls
52535, 5 oo ;0 o ealal (S5 las s Sl o 5l ol Slial (6w S
3 s gobasl LT el el ladtn Gt U S 55 by sl i
e oSl LusNo 5 Ll x5 b Ll b el 485 5 eslinal 4
S5 S ot bt Grnel oS ol LISl Famula (1992) Gudos mls 3 S
e 0dd 3 gde OS] et LE b aglie )3 atees 'cﬂbﬁ' el 3l sk
35S 5 e s pdone CLEH Gastld 53 el s sdome Dlio Sl 4 aly Lol i e
S e oy 4 okl S s S slely Leiri et al. (2004) Lol s (5 546t
3 5does BLUP Ol 4 ol gad ¢ bl Sy 0350 5ol Ws & (BLUP) o Il
o S35 slasubly 4 s Aalpt e 63150 53 Lo gast CLRIH pl 5 3l (655 e
LS e Uzl 550 S5 Lo pi 4 oliwd (gl 0 iS s sdoue sla, 5SU O e
3 Soel Gl s a4 d07 ganly po aly 03 05 Che (S bl
03 25 LBl it 53 a ;S ml iy S5 Aoy T b e S (Sten
ol o=l 03 emamen Sl Sl A8 e (ool Ll il B el
L e (S5 (Stmsed 35 5 0wl G pils s 4y 35 4o o o5
Komingl (sasyly 55 Cio opl Ay O35 YL g S caly 23 035 5 ahey 055 law



Y YYAZ () TV Ol ol bl pazil (gaals

S S 5 aky 035 L e S35 Saeen 355 0 VL s s«
e S5 (Staman 325 s 4 dlaaly pled 53 A3l aly (35 055 Sde L VL
sloml Ll 03 Aoy (o) il aaly 03 Ao 5 ag O35 lio Ol 0l L s
Wl el s G5 A 5 Cus sl

Ao 059 50 s by ;A3 055 5 kg 055 Cliw Ole 45 Wsls HLAS Kumar et al. (1995)
Jayaswal et al. (2000) 5 Sofi et al. (1999) .3 13 35> 5 VU  Stan by L33 Ao
Sinens Kshameet al. (1995) . S 5058 aly Slio Ole | oYU S Soaer
@3l 2l 035 5 by S 5 Ol 15 (1780 5 0 VO 5 5 ) VL St S 0d 5 (SUS5
L o) et ol OUN b 5 aly 1233 055 lis Ol gl uaman L3 505 3,058 aho
S LS Ol 5 Al e gl S 4 (/A0 B VA) s 5 aly 223 055 5 (Ve
Sa s il il ey W il s e 8B s 5 SU b (g5 sl
Jsb cady 28 035« oo Jsb s pdudo,l s a5 sl oL Bhargava et al. (1993)
sSinghetal. (1998) .u_il . (+/VO 3 i) YU Sl ady 055 5 Y O3 LI
o plowl Sl 3 Al s i S 4 3 Slid s 5 Malik et al. (1999)
S Gty sy 28 055 5 ady 035 ol Ashoka & Govindan (1990) L. s
o G s Bab Oliis oS Sl e 5w oY b DL ) VL (S i i
(Vo N YL 5 (/YO L /Y0 ) e gie (3/Y0 5) il gl 4w 2 ) ple glas
sl 13

b sl Sl eslizad o ey B 4 i ol (S Gl s i el
aS 5l 3y 53 Ol Jg sl (655 slls Komingl wile dlaa 5l 51 pam s
s slas s Eel, LS 55 als W w axls ol 5,8 (s T 53
5 S55 sl pebly 35l 5l AU eladl B 4 (S S slaanes U3 33 8 ol
Bhatia & Paul (1996) . S sslizul 4l astls 51 Ol e ( Jgeme Latls L1 5 550
Gl li 5 ol s Lasli 5l YL Sl Jsens satls s Shee &5 Lsls ol
g oy o 5 dml 5l s 53 el (S ol S (Sole s 4 o 8



w03 o Lo Ol Cilie glas 3l il ganslis (0 5 s 28 V¢

osbe a5 Ol Ll g 51,5 S 500 sluas 3l g0 ST g aS das e OLES @u
Ol Ol sl s s 5l L s Jsd) el B8 sllae 35 03551 et
Ol Cds 5l laan sl 5n s el 5l jlew ause 5 Sy 3l gl s s
S iy Ol a1 c,é:cls.ﬂn‘jﬁ Ol 5Liy g2 5,58 slad 039330 Lyls 55 0 (6 5 ol
G0 355l g DIty 5 las ;585 Sl eslinal o5 G55 (sl das e 153l
ST s Sl gl s s pda oy 51 e placnY s ol 3l (S5
A s lay et oYL Ol S35 Gl S Slaan sl ys Gestls 05 S 3 gdeee sl o0
Lkl 48 s S 0Ly Akbar et al. (1984) .5 S 55 s JalS e (6 S i ook
ozl LT 2alS G e ol s 2alS b e ls (g5 Cudsdoms Jlesl 35, 0
255 Jseme ol baglis 53 S G5 a5l s Lo

LY Ll ol 5o ) Slio 2l (olal il (bl ol )
@alasl Ll 5 s jlials bl 3w ST o i elel 1y Olisl 5 esls SJlts
Aile 5wyl oS 315 Dol s sy ol Sllpe ccnl by a3 g I3k seti]
i S galasl Slio (V4 g pdul sl sl SIS BB 8 las s ze Sl L
Lo 3 e Slio S S LS sk 4 Wls e bl Gasls &S das e 0L
el 01338 o S5 edody opl a5 6l &S Vs ez 315,815 aslizad 5550
Ssime Sl e glay 5SB 5 anl s 3kl Jasws Jal i 53 bappY kS oS
ol S (5 by Olalllas a8 55 S e slgiy LIS s L@_Jw,:j.e g3 S S rwS
s el ot ol S (65l lawssl 3 Shee (53, als gy 4 bl
3555 S ool S s Gl 3L S35 Slos 1S (Sla ) 2 e
s plnll (S5 slacd iy L 0T bL3J 5 Sl (g3l sla i)

ol Bl



\o VWAS oY) YV Ol wlido i il (Saals

ct:.o
Akbar, M. K., Lin, C. Y., Gyles, N.R., Gavora, J. S. & Brown, C. J. (1984) Some aspects

of selection indices with constraints. Poultry Science 63, 1899-1905.

Amer, P. R. & Hofer, A. (1994) Optimum bias in selection index parameters estimated with
uncertainty. Journal of Animal Breeding and Genetics 111, 89-101.

Ashoka, J. & Govindan, R. (1990) Genetic estimates for quantitative traits in bivoltine
silkworm, Bombyx mori L. Mysore Journal of Agricultural Sciences 24, 371-374.

Bhargava, S. K., Thiagarajan, V., Ramesh Babu, M. & Nagaraj, B. (1993) Heritability of
quantitative characters in silkworm (Bombyx mori L.). Indian Journal of Agricultural
Sciences 63, 358-362.

Bhatia, V. K. & Paul, A. K. (1996) Empirical comparison of different selection strategies for
genetic improvement. Indian Journal of Animal Sciences 66, 1026-1032.

Chatterjee, S. N., Nagaraj, C. S. & Giridhar, K. (1990) An approach to silkworm breeding.
pp. 11-16 in Datta, R. K. (Ed.) Workshop on biometrical genetics proceedings. Central
Sericultural Research and Training Institute, Mysore.

ESCAP (1993) Principles and techniques of silkworm breeding. 114 pp. New Y ork, United
Nations.

Famula, T. R. (1992) A comparison of restricted selection index and linear programmingin
sire selection. Theoretical and Applied Genetics 84, 384-389.

Ghanipoor, M. (2003) Determination of selection indices for 3 Iranian commercial silkworm
lines. Ph.D. Thesis, Guilan University, Rasht, Iran. [In Persian with English
summary.

Harris, P. L. (1970) Breeding for efficiency in livestock production: defining the economic
objectives. Journal of Animal Sciences 30, 860-865.

Harris, D. L. & Newman, S. (1992) How does genetic evaluation become economic
improvement? Proceeding of Symposium on Application of Expected Progeny
Differences to Livestock |mprovement, 84" Annual Meeting.

Hazel, L. N. (1943) The genetic basisfor constructing sel ection indexes. Genetics 2, 476-490.

Henderson, C. H. (1974) Genera flexibility of linear model techniques for sire evaluation.
Journal of Dairy Sciences 57, 963-972.

Jayaswal, K. P., Masilamani, S., Lakshmanan, V., Sindagi, S. S. & Datta, R. K. (2000)
Genetic variation, correlation and path analysisin mulberry silkworm, Bombyx mori L.
Sericologia 40, 211-223.



w03 o Lo Ol Cilie glas 3l il ganslis (0 5 s 28 1

Ksham, G., Kumar, S. N., Nair, S. & Datta, R. K. (1995) Heritability, genetic and
phenotypic correlation studies on fitness and quantitative traits of bivoltine silkworm
Bombyx mori L. Indian Journal of Sericulture 34, 22-27.

Kumar, P., Bhutia, R. & Ahsan, M. M. (1995) Estimates of genetic variability for
commercial quantitative traits and selection indices in bivoltine races of mulberry
silkworm (Bombyx mori L.). Indian Journal of Genetics and Plant Breeding 55, 109-
116.

Kumaresan, P., Sinha, R. K., Sahni, N. K. & Sekar, S. (2000) Genetic variability and
selection indices for economic quantitative traits of multivoltine mulberry silkworm,
Bombyx mori L. genotypes. Sericologia 40, 595-605.

Leiri, S., Nomura, T., Hirooka, H. & Satoh, M. (2004) A comparison of restricted selection
procedures to control genetic gains. Journal of Animal Breeding and Genetics 121, 90-
100.

Malik, G. N., Masoodi, M. A., Kamili, A. S. & Aijaz, M. (1999) Estimation of direct
selection parameters in a dialel set of bivoltine silkworm, Bombyx mori L. Entomon
24, 253-257.

Nagaraja, M., Govindan, R. & Narayanaswamy, T. K. (1996) Genetic viability for
guantitative traits in eri silkworm Samia cynthiaricini Boisduval. Insect Environment
2, 108-109.

Rangaiah, S., Govindan, R., Devaiah, M. C. & Narayanaswamy, T. K. (1995) Genetic
studies for some quantitative traits among multivoltine races of silkworm, Bombyx
mori L. Mysore Journal of Agricultural Sciences 29, 248-251.

Reddy, G. S. (1986). Genetics and breeding of silkworm, Bombyx mori L. pp. 70-80in
Boraiah, G. (Ed.) Lectures on sericulture. Suramaya Publishers, Bangalore.

Satenahalli, S. B., Govindan, R., Goud, J. V. & Magadum, S. B. (1990). Genetic
parameters and correlation coefficient analysis in silkworm Bombyx mori L. Mysore
Journal of Agricultural Sciences 24, 491-495.

Singh, T., Chandrasekharaiah & Samson, M. V. (1998). Correlation and heritability
analysis in the silkworm, Bombyx mori L. Sericologia 38, 1-13.

Sofi, A. M., Masoodi, M. A. & Kamili, A. S. (1999). Estimation of heritability and
correlation of some quantitative traits in line x tester analysis in silkworm, Bombyx
mori L. Mysore Journal Agricultural Sciences 33, 289-296.



