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Heritability, Genetic Correlation and Path Coefficient Analysis of
Economic Characters in the Silkworm, Bombyx mori
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Summary

This experiment was carried out to analyze genetic parameters for the selection of silkworm
by diallel-crossing with three Japanese and four Chinese silkworm races.

Heritability, genetic correlation and path coefficient were calculated as the statistical parameters
to evaluate direct or indirect effects of various gentic characters on bave weight, The heritabilities
of fifth instar period, cocoon weight, cocoon layer weight, cocon layer ratio, fibroin contents,
boiling off ratio and bave weight were over 76.65% in both F, and F, generations.

There were positive coefficients in both phenotypic and genotypic correlations between male
and female of both F, and F, generations, The latter showed greater values in general. The
correlation between bave weight and the characters of cocoon weight, cocoon layer weight,
cocoon layer ratio, fibroin contents were over 0.727 in both sexes of F; and F,. Therefore,
these results suggest that above characters would be useful for genetic selection of silkworms,
As result of path coefficient analysis, there was a direct effect with path coefficient value of
0.991 between bave weight and F; female cocoon layer weight, and with the value of 0.803
between bave weight and F, male cocoon weight. In F,, the effect showed 0.938 between bave
weight and male cocoon layer ratio, and 0.930 between bave weight and male fibroin contents.

The characters of cocoon weight and cocoon layer weight had greater influence on direct or
indirect effects (in path coefficient) than the others.
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Table 1. Genotypic variances(§’G), environmental variances(6’E), and heritabilities
(h?) of seven characters in the F; and Fy of the silkworm

Ilem I o

Characters 8°G . 87E__ h* %) 382G 82k h2 (%)

Fifth instar 341.610 1.995 99.41 105.446  25.197 80.71

Period

Cocoon Female 0.093 0.002 97.69 0.055 0.004 93.25

weight Male 0.055 0.001 47.13 0.030 0.004 88.01

Cocoon layer  Female 86.305 0.440 99.49 67.849 1.447 97.91

woight Male 83.049 0.284 99.65 58.733 0.218 499.63

Cocoon layer Female 8.682 0.250 97.20 6.598 0.128 98.09

ratio Male 12.275 0.649 04.97 9.673 0.181 98.17

Amount  of Female 49,178 0.454 99.08 34.530 0.382 98.90

fibroin Male 418.695 0.260 99.46 32.427 0.662 98.00

Boiting off Female 1.774 0.240 88.07 1.149 0.350 76.65

ratio Male 1.900 0.182 91.23 2.045 0.414 83.17

Bave weight 70.799 0.245 99.065 52.162 0.234 99.55H
93 =3 A599 D 2ol HIAE 2 A Bl o2 A DA HAMA Ao T B
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Table 2. Phenotypic, genotypic and environmental covariances of
seven characters in the F; generation of the silkworm

Characters Kp CY Cl, CR Al BR B
Cov.Ph L(335.361) 1.303 101.803 39.519 70.613 11.401 84.257
*Lifth instar Cov.G l————4 1.322 104.260 40.552 72.274 11.683 86.286
period (FP) Cov.E (335.361)| 0.011 0.044 -0.051 0.067 -0.004 0.070
Cov.Ph 0.833 [(0.093) 2.299 0.350 1.743 0.111  2.087
Cocoon weight Cov.G 0.860 2.358  0.379  1.773  0.113  2.142
«v) Cov. -0.007 (0. -0.002 -0.020 0.0i2 0.001 -0.003
Cov.Ph 102.330 1.767 |(84.660) 22.773 62.165  3.960 72.202
Cocoon layer Cov.G  104.915  1.804 "‘1 23,192 63.65% 4,130 74.056
weight (CL) Cov.E -0.065  0.007 (81 '528)| 0.145  0.040 -0.076 -0.064
Cov.Ph  50.115 0.382 27.496 L (8.718) 16.260 0.966 18.357
Cocoon layer  Cov.G 51.086  0.411 28,177 —— 16.754  1.002 18.790
ratio (CR) Cov.E 0.252 -0.019 -0.007 (12.626): -0.089 -0.012 0.017
Cov.Ph  75.820 1.310 61.144 20.998 |(48.444) 2.405 53.362
Amount of Cov.G 77.615 1.338 62.557 21.579 - ‘1 2.534 54.634
fibroin (AF)  Cov.E 0.043  0.004 0.084 -0.067 (47.822)|-0.068  0.053
Cov.Ph  12.058 ' 0.045 3.883 1.581 2.421 1 971) 2.708
Boiling off Cov.G - 12.167 0.048 3.961 1.561 2.479 2.766
ratio (RBR) Cov.E 0.195 -0.001 0.019 0.061 0.008 (2.034) 0.012
Cov.Ph  84.257 1.631 69.968 22.590 53.178 1.832 [69.343)
*Bave weight  Cov.§ 86.286 1.670 71.764 23.211 54.476  1.851
B Cov.E 0.070  0.001 -0.064 -0.056 0.033 0.022 (69.343),

*
’

Cov.Ph, phenotypic covariance;
environmental covariance.

Fifth instar period and bave weight are obtained irrespective of sex.
Cov.G, genotypic

Cov.E,

covariance;

Covariances for characters of female and male are shown above and below

side of stratified diagonal line, respectively.

phenotypic variances,

Numbers in parentheses are



Table 3.

Phernotypic, genotypic and environmental covariances of

seven characters in the F; generation of the silkworm

Characters . FP N CL CR AF BR_ BY
Cov.Ph [(128.949) 0.908 47.045 15.541 35.391 1.686 45.012
*Fifth instar Cov.G 0.984 51.055 16.196 36.367 0.553 46.281
' period (FP) Cov.E (128.949)|-0.065 -2.688 -0.138 -0.041 0.809 -0.348
¢ Cov.Ph 0.731 [ (0.057) 1.647 0.358 0.915 0.04% 1.328
Cocoon weight Cov.G 0.662 1.649 0.383 0.941 0.045 1.355
e W) Cov.E 0.070 (0.034)] 0.040 -0.015 -0.003 -0.001 0.004
Cov.Ph  48.327 1.077 (67.645) 19.510 42.753 3.158 54.649
Cocoon layer Cov.G 49.010 1.091 19.899 43.873  3.268 55.975
weight (CL) Cov.E 0.509 0.013 (57.53%)| 0.077 -0.071 0.008 0.049
Cov.Pn  19.702 €.301 21.989 | (6.577) 13.216 1.107 16.032
Cocoon layer Cov.G 20.455 0.323 22.503 13.520  1.144 16.467
ratio (CR) Cov.E -0.156 -0.014 0.289 (9.624)| 0.017 0.023 -0.018
Cov.Ph  35.795 0.708 40.332 15.387 ((34.074) 2.260 36.324
Amount of Cov.G 37.405 0.731 41.348 15.740 2.392 37.238
fibroin (AF) Cov.E -0.647 -0.004 -0.015 0.019 (32.299)|-0.061 -0.010
Cov.Ph 0.901 0.126 3.021 0.608 ©0.703 | (1.551) 2.314
Boiling off Cov.G 0.904 0,119 3.129 0.634 0.862 2.351
ratio (BR) Cov.E -0.215 0.006 -0.035 0.007 -0.127 (2.436){-0.028
Cov.Ph 45,012 0.953 50.636 19.079 37.891 2.217 |(51.172)
*Bave weight Cov.G 46.281 0.977 51.859 19.519 38.846 2.285
_BY Cov.l  -0.348 -0.003  0.036  0.042_ -0.017 -0.039 (51.172)
For legend, see Table 2.
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Table 4. Phenotypic(rPh), genotypic(tG) and environmental correlation
coefficients(rE) in the F, of the silkworm

Characters Fp (W] CL CR AF BR BV
rPh 0.233* 0.804°* 0,730** 0.554** 0,443** 0.553*=
Fifth instar rG 0.235 0.607 0.745 0.558 0.475 0.555
period (FP) rE 0.17% 0.047 -0.073 0.071 -0.006 0.100
reh 0.193 0.819** 0.389™> 0.821** 0.260* 0.822**
Tocoon veight rG 0.198 0.832  0.422 0.829 0.278 0.835
((W}] rk ~0.123 ~0.085 -0.854 0.389 0.048 -0.143
rPh 0.620>= 0.830** 0.838** 0.971** 0.307*= 0.942""
Cocoon layer rG 0.623 0.841 0.847 0.977 0.334 0.947
weight (CL) rk -0.087 0.329 0.437 0.091 -0.235 -0.195
rPh 0.770** 0.456™* 0.858™* 0.791** 0.233* 0.747**
Cocoon layer G 0.739  0.499 0.882 0.811 0.255 0.758
ratio (CR) r& 0.222 -0.610 -0.018 -0.267 -0.052 0.071
rPh 0.5¢9** 0.303** 0.980** 0,855** 0.246* 0.921**
Awount of rG 0.602 0.815 0.984 0.883 0.271 0.926
fibroin (AF) rE 0.060 0.20¢ 0.346 -0.163 -0.208 0.160
rPh 0.462** 0.135  0.302** 0.312>* 0.246™ 0.232*
Boiling off rG 0.477 0,148 0.315 0.323 0.258 0.247
ratio(BR) rk 0.323 -0.079 0.085 0.179 0.040 0.051
rPh 0.553** 0.830™* 0.931™* 0.763** 0.923** 0.154
Bave weight rG 0.55% 0.843 0.936 0.787 0.928 0.160
(BW) rk 0.100 0.095 -0.2/" -0.140 0.131 0.105
Correlation between female and male are shown above and below side of

diagonal.,

* %% Sionificant at the 5% and 1% levels, respectively.

Table 5. Phenotypic(rPh), genotypic(rG) and environmental
correlation coefficients(rE) in the F; of the silkworm

Characters

Fifth instar
period (FP)

Cocoon weight
(cw)

Cocoon layer
veight (CL)

Cocoon layer
ratio (CR)

Amount of
fibroin (AF)

Boiling off
ratio (BR)

Bave weight
(BW)

rPh
rG
rf

rPh
rG
rk

rPh
rG
rk

rPh
rG
rk

rPh
rG
rE

rPh
rG
rk

rPh
rG
rE

FPo_ ¥ Cl__ CR_.___ AF BR BV
0.335** 0.504** 0.534*> 0.534** 0.119  0.554>*
0.411 0.804 0.614 0.603 0.050 0.624
-0.207 -0.445 -0.077 -0.013 0.272 -0.144
0.351** 0.838** 0.584** 0.656** 0.151 0.776**
0.372 0.857 0.638 0.686 0.178 0.803
0.217 0.527 -0.649 -0.075" -0.038 0.122
0.561*= 0.775** 0.925** 0.891** 0.308** 0.929**
0.623  0.820 0.940 0.906 0.370 0.941
0.217  0.428 0.179 -0.095 0.011 0.085
0.559** 0.529** 0.934** 0.883** 0.347** 0.874**
0.640 - 0.598  0.944 0.896 0.415 0.888
-0.073 -0.510 0.145 0.078 0.108 -0.103
0.555** 0.680** 0.936** 0.873** 0.311** 0.870**
0.640 0.740 0.947 0.889 0.380 0.877
~0.159 -0.083 -0.040 0.055 0.168 -0.034
0.051  0.439** 0.255% 0.125 0.079 0.260*
0.062 0.481 0.285 0.143 0.106 0.304
-0.067 0.157 -0.116 0.024 -0.243 -0.097
0.554** 0.727** 0.933*= 0.860™* 0.932** 0.199
0.624 0.780 0.937 0.869 0.945 0.221
-0.144  -0.083 0.158  0.204 -0.043 0.125

For legend, sce Table

4.
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Table 6. Path cocfficient analysis of the direct and indirect influences
of each character on bave weight of the silkworm in the
silkworm in the F, generation

(1) Fifth instar period (2) Cocoon weight vs. (3} Cocoon layer weight .
vs. Bave weight Bave weight vs.Bave weight
__Female Mal: _Female Male Female Male

rib= 0.555 rib= 0.555 r-b= 0.835 rab= 0.843 rab= 0.947 rab= 0.936

pib= 0.133 pib= 0.296 pb= 0.179 p»b= 0.803 pab= 0.991 psb=-0.439
rippobs 0.042 rispob= 00160 riopab= 0.031 riep2b= 0.053 rispib= 0.080 riap.b= 0.184
rispsb= 0.602 rispab=-0.273 rospsb= 0.825 raapsb=-0.369 raapzb= 0.149 raup.b= 0.676
r1apab=-0.080 riapab= 0.316 r2apab=-0.045 roapab= 0.200 rsepab=-0.091 raapsb= 0.354
rispsb=-0.079 rispubs 0.127 rospsb=-0.118 rospib= 0.172 raspeb=-0.139 raspsb= 0.207
riepeb=-0.062 riepsb=-0.069 raepeb=-0.036 rapeb=-0.022 riepab=-0.041 raspeb=-0.046

4) Cocoon layer ralio (5) Amount. of fibroin 6) Boiling off ratio
vs. Bave weight vs. Bave weight o vs. Bave weight
Female Male Female Male Female Male

rab= 0.758 rab= 0.787 rob= 0.926 rob= 0.928 reb= 0.247 rsb= 0.160

pab=-0.107 pab= 0.401 peb=-0.142 pb= 0.211 pesb=-0.131 peb=-0.146
r1ap1b= 0.009 riapib= 0.233 rispab= 0.074 raspib= 0.178 riepib= 0.063 riapab= 0.141
reapzb= 0.075 raapsb= 0,401 raepub= 0.148 rasp.b= 0.655 roep=b= 0.050 raepzb= 0.119
raapab= 0.840 rusapab=-0.387 raspsb= 0.968 rasp:sb=-0.432 raspab= 0.331 P36P3b=‘0.138‘
raspsb=-0.115 raspsb= 0.186 ranpab=-0.087 ranpsb= 0.3%1 raspab=-0.027 raepab= 0.130'
raspeb=-0.033 raepeb=-0.047 rnepeb=-0.036 rsepeb=-0.038 rnopsb=-0.039 raepsb= 0.054

Note: r, genotypic correlalion peb, dircct effects ranPob, indirect effect.

Female

Fig. 1. Path-diagram of direct cffects of cach charactel on bave weight in F, gene-
ration of the silkworm. The curved lines indicate indirect effects between the
characters,

1. Fifth instar period; 2. Cocoon weight; 3. Cocoon layer weight; 4. Cocoon
layer ratio; 5. Amount of fibroin; 6. Boiling off ratio; B, Bave weight.



Table 7. Path cocfficient analysis of the direet and indireet influences
of cach character on bave weight of the silkworm in the
I’y generation

(1) Fifth instar period (2} Cocoon weight vs. (3) Cocoon layer weight i

vs. Bave weight Bave weight vs.Bave weight
__Female Male Female _Male Female Male

rib= 0.624 rab= 0.624 rsb= 0.803 r-b= 0.780 rzb= 0.941 rab= 0.937

pab= 0.097 pab= 0.063 pob= 0.400 pwb= 0.598 pab=-0.100 psb=-1.385
riop2b= 0.164 rispab= 0.222 riepib= 0.040 raopib= 0.023 rimpab= 0.059  rqapab= 0.039
r1apsb=-0.060 riuspsb=-0.762 roup:b=-0.080 roxp=b=-1.136 roupzb= 0.343 roapzb= 0.490
r1apab= 0.311 riapab= 0.600 raapab= 0.323 roapab= 0.562 rzapab= 0.476 rzapab= 0.885
rinpsb= 0.113 rinpsb= 0.595 raspub= 0.128 rospsb= 0.664 raepsb= 0.169 ruspsb= 0.881
r1epeb=-0.001 riepsb= 0.006 raspeb=-0.003 roepeb= 0.044 rzepeb=-0.006 r=apsb= 0.026

(4) Cocoon layer ratio (5) Amount of fibroin 6) Boiling off ratio
vs. Bave weight vs. Bave weight _ vs., Bave weight
Female Male Female Male Female Male

rab= 0.888 rab= 0.869 rsb= 0.877 rsb= 0.945 reb= 0.304 reb= 0.221

pab= 0.506 pab= 0.938 psb= 0.187 psb= 0.930 peb=-0.016 psb= 0.001
riap1b= 0.060 riapab= 0.040 rispab= 0.058 rispab= 0.040 riepib= 0.605 rispab= 0.004
roapob= 0.255  roapab= 0.358  roupob= 0.274 rospob= 0.443  roepeb= 0.071  roapsb= 0.288
rap:h=-0.004  raapab=-1.307 Taspsb==0.001  Funpsb==1.312 ruapsb=-0.037 raap:bh=-0.305
raspsb= 0,168 ranpsb= 0.827 ranpab= 0.453 raspab= 0.834 raepab= 0.210 raepab= 0.125
raspeb=-0.007 raspsb= 0.01. -nepeb=-0.006 roepeb= 0.010 rsepsb= 0.071 ruepeb= 0.099

Note: r, genotypic correlations pab, dircel effects ranlub, indirect effect.

Fig. 2. Path-diagram of direct effects of each character on bave weight in F, gene-
ration of the silkworms. The curved lines indicate indirect effects between the

characters.
See Fig. 1 for legend.
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