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ABSTRACT

Manifestation of heterosis in interbreed crosses of high, medium, low and control
lines selected for pupal weight in silkworm is reported. Significant positive heterosis
over better parent in the selected and correlated traits was obtained due to the
wider genetic distance noticed in Pure Mysore (multivoltine) and NBtS (Bivoltine).
Whereas, the magnitude of heterosis varied among interbreed crosses which involved
all three types of gene effects (additive, dominance and epistatic interactions). The
present study indicated that heterosis was more pronounced in the crQsses involving
bivoltine which happen to be either low male or female component and is dearly
demonstrated in the heterosis averaged over male and female parents. Higher pupal
weight does not necessarily result in higher heterotic values so, while selecting the
parents for commercial exploitation differential pupal weight should also need to
be considered.

Key words: Mulberry silkworm, pupal weight, selection, heterosis.

Heterosis in crosses among breeds, inbred and long isolated strains has been
observed in most farm and laboratory animals [1]. The bulk of experimental evidence
in animals suggests that the dominance effect appears to be widely contributing to
heterosis among cross besides interactions [2], epistatic [3] and genetic distance of
the strains [4, 5]. The exploitation of heterosis is considered to be one of the out
standing achievements in silkworm breeding. In silkworm, many quantitative characters
are closely associated with nature of voltinism and maturity period, which are known to
be sex linked [6-10] and expression of heterosis varies in the reciprocal crosses.
Attempts have also been made to evaluate the crossing effects in the lines of mice [1.1,
12] and silkworm [13-15]. The objective of this study was to estimate the magnitude
of heterosis in interbreed crosses of silkworm lines selected for pupal weight.

MATERIALS AND METHODS

After eight generations of selection for pupal weight interbred crosses were
made among high, medium, low and control lines of two silkworm strains viz., Pure
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Mysore and NBI8. Females of the selected lines of Pure Mysore were crossed with
males of selected lines of NB18 strain and reciprocal crosses were also made. The
larvae of direct and reciprocal crosses were reared simultaneously along with their
parents. Three replications of 100 larvae each were reared as per the standard
technique [16]. The performance of nine traits. namely, pupal weight, larval weight,
single cocoon weight, shell weight, pupation rate, larval duration, filament length,
denier and fecundity were recorded. The magnitude of heterosis was estimated over
better parental (BP) value and tested for significance as per the standard statistical
procedure.

RESULTS AND DISCUSSION

The performance of all the hybrids in respect of pupal weight, larval weight,
(except M x M), cocoon weight, shell weight, pupation rate (except in three crosses),
larval duration, filament length (except H'x M) and fecundity was superior than
their parents (Tables I, 2). However, the size of the filament was higher than that
of their parents which is not desirable. The heterosis was positive and significant
in respect of pupal weight, cocoon weight, (except M x C), fecundity and denier.
Negative and significant heterosis was registered in respect of larval duration (except
in C x Land H x C). Six crosses viz., L x L, C X L, H x C M x C L x C and
C x C in respect of larval weight, four crosses (H x H, H X M, L x M and H x
C) in respect of pupation rate exhibited significant positive heterosis. In respect of
shell weight, and filament length H x L cross alone registered positive and significant
heterosis. The crosses involving the low lines as male components [H x L, M X L,
L x Land C x L] yielded higher magnitude of BP heterosis for all the traits (except
larval duration and pupal rate). Similar trend was also obtained when estimate of
BP heterosis was average over male and female components (Table 5).

The effects of selection for pupal weight, were reflected ;n the heter0sis over
BPV for selected and unselected traits. The significant and positive heterosis observed
in the selected and correlated traits of interbreed crosses may be due to the wider
genetic distance noticed in pure mysore and NB18 strains [4,5]. However, the
magnitude of heterosis varied among interbreed crosses depending upon the frequency
of fixation of additive and dominance effect and epistatic interaction. Further, because
of random drift, the gene frequency in two different lines will not be the same for
all pairs. Hence it is not surprising that different pair of lines show different amount
of heterosis. The manifestation of heterosis in pupal weight, larval weight, and shell
weight, mainly may be' due to over dominance and epistatic interaction, since
significant and positive heterosis was observed over superior parents. Heterosis in
cocoon weight, was recognised as due to over dominance and epistatic interactions
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August, 1998] Heterosis in Mulberry Silkworm 361

Table 1. Mean perfonnance of parents and cross breeds among selected lines for
different quantitative traits in multi x bivoltine hybrids

LW SCW PW SW PR TLO FL 0 FEC

Parents

Bivoltine (NBlS)

High (H) 3.520 1.291 1.048 0.244 5.97 26.958 903 2.10 491

Medium (M) 3.222 1.263 1.019 0.246 15.11 26.792 886 1.91 377

Low (L) 2.067 0.811 0.660 0.151 50.86 26.333 651 1.49 342

Control (C) 2.351 1.010 0.821 0.188 38.89 26.333 781 1.80 386

Multivoltine (Pure Mysore)

High (H) 1.544 0.808 0.706 0.102 60.27 29.500 421 1.98 3.44

Medium (M) 1.418 0.732 0.636 0.096 73.38 29.333 387 1.83 343

Low (L) 1.168 0.584 0.510 0;073 75.43 29.000 270 1.69 312

Control (C) 1.489 0.701 0.606 0.095 81.14· 29.417 355 1.88 325

(Pure mysore x NBlS).
HxH 2.871 1.400 1.159 0.241 71.10 26.458 710 5612.14

MxH 2.840 1.367 1.127 0.240 50.33 26.333 724 2.24 467

LxH 2.849 1.381 1.152 0.229 56.10 26.167 687 2.15 539

CxH 2.957 1.332 1.117 0.215 37.80 26.167 678 2.16 527

HxM 2.938 1.281 1.071 0.210 80.17 26.167 .595 2.21 543

MxM 2.302 1.316 1.093 0.223 40.60 26.458 653 2.03 538

Lx M 2.569 1.261 1.044 0.217 85.00 26.333 604 2.07 549

CxM 2.625 1.292 1.064 0.228 61.00 26.333 661 2.13 556

HxL 2.563 1.309 1.082 0.228 59.40 26.167 738 2.00 589

M x L 2.711 1.237 1.024 0.213 65.00 26.167 701 1.91 581

LxL 2.306 1.174 0.981 0.193 68.30 26.167 607 2.06 502

CxL 2.562 1.224 1.022 0.202 48.30 26.458 673 2.02 542

HxC 2.754 1.319 1.086 0.233 77.80 26.458 705 2.08 531

MxC 2.709 1.100 1.071 0.212 72.20 26.333 588 2.01 517

LxC 2.561 1.237 1.031 0.207 68.90 26.333 620 2.18 560

CxC 2.758 1.310 1.090 0.221 76.10 26.333 697 2.12 565

"The first letter in the cross denotes female parent.
LW - L",rval weight (g), sew - Single cocoon weight (g); PW - Pupal weight (g), SW - Cocoon
shell weight (g), PR - Pupation rate (%), LO - Larval duration (days), FL - Filament length
(m), 0 - Denier, FEC - Fecundity (no.)



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
4.

13
9.

15
5.

11
 o

n
 d

at
ed

 2
9-

A
u

g
-2

01
6

T
ab

le
2.

P
er

ce
n

ta
g

e
o

f
h

et
er

o
si

s
o

v
er

b
et

te
r

p
a
re

n
t

in
cr

o
ss

b
re

ed
s

a
m

o
n

g
se

le
ct

ed
li

n
e
s

o
f

P
u

re
m

y
so

re
w 0

\
N

X
N

B
18

h
y

b
ri

d
s

C
ro

ss
es

L
W

se
w

P
W

SW
PR

L
D

FL
D

FE
C

..
..

..
·

..
..

.
.

#
H

x
H

-1
8.

43
6

8.
39

0
10

.5
95

-1
.2

29
17

.9
76

-1
.8

55
-2

1.
33

6
8.

09
4

14
.2

90
..

.
..

..
..

-1
9.

82
2..

22
.4

45
..

M
x

H
-1

9.
31

8
5.

55
9

7.
53

8
-1

.6
39

-3
1.

35
7

-2
.3

18
-4

.8
87

..
..

..
..

..
..

..
L

x
H

-1
9.

06
2

6.
97

1
9.

92
3

-6
.1

47
-2

5.
63

0
-2

.9
34

-2
3.

92
0

27
.4

16
9.

77
5

..
.

..
...

..
14

.8
94
..

C
x

H
-1

5.
99

4
3.

17
5

6.
58

3
-1

1.
88

5
-5

3.
41

6
-2

.9
34

-2
5.

58
1

7.
33

1
..

.
..

-.
33

2"
..

..
..

?":
H

x
M

--
8.

81
4

1.
42

5
5.

10
3

-1
4.

63
4

33
.0

20
-3

2.
84

4
15

.7
07

44
.0

31
t-

..
..

..
..

..
11

.1
31

..
..

~
M

x
M

-2
8.

56
1

4.
18

4
7.

31
5

-9
.4

11
-4

4.
63

1
-1

.2
44

-2
6.

29
8

42
.6

68
-.E

l
..

·
..

..
..

..
l::

>'
L

x
M

-2
5.

41
8

-0
.1

58
2.

45
3

-1
1.

78
9

12
.6

82
-1

.7
44

-3
1.

82
8

22
.6

82
45

.6
23

:::
l

:::
l

"
..

..
..

..
..

l::>

C
x

M
-1

8.
52

8
2.

29
6

4.
41

3
-7

.8
94

-2
4.

82
4

-1
.7

44
-2

5.
39

5
13

.1
21

47
.4

80
l::> :::

l
..

..
53

.1
87

..
50

.9
93
.

-1
.4

38
-2

.3
73

..
..

34
.5

29
..

..
l::>

..
H

x
L

-2
3.

99
6

61
.4

05
13

.3
64

70
.7

67
;r:

..
..

..
·

..
..

..
M

x
L

-3
1.

15
6

52
.5

27
55

.1
51

41
.0

59
-1

1.
35

6
-0

.6
33

7.
68

0
28

.4
75

69
.2

95
~

..
..

48
.7

37
..

27
.5

63
..

..
..

'"0
L

x
L

11
.5

29
44

.7
60

-9
.4

56
-0

.6
33

-6
.6

60
36

8.
56

5
46

.8
28

::::
..

..
.

..
....

..
33

.7
74

..
..

....
C

x
L

23
.9

47
50

.9
24

54
.8

48
-4

0.
47

6
0.

47
5

3.
37

9
36

.0
99

58
.4

79
l::> ..,

..
..

..
..

.
.

..
..

-.E
l

H
x

C
17

.1
41

30
.5

94
32

.2
77

23
.9

36
29

.0
93

0.
47

5
-9

.7
31

15
.7

70
37

.5
64

::::
'

15
.2

27
"

..
30

.4
59

..
..

..
..

M
x

C
--

8.
91

0
12

.7
65

-1
.5

37
0.

00
0

-2
4.

71
1

11
.8

74
33

.9
38

..
..

..
..

..
..

L
x

C
8.

93
2

22
.4

75
25

.5
78

10
.1

06
--

8.
66

1
0.

00
0

-2
0.

61
4

29
.1

91
44

.7
07

17
.2

95
"

..
32

.6
70

..
.

..
..

C
x

C
29

78
4

17
.0

80
-6

.2
15

0.
00

0
-1

0.
71

3
17

.9
96

46
.0

95
'<

#
T

he
fi

rs
t

le
tt

er
in

th
e

cr
os

s
de

no
te

s
fe

m
al

e
pa

re
nt

,
"S

ig
ni

fi
ca

nt
at

P
=

0.
5

i2- (J
l

L
W

-
L

ar
va

l
w

ei
gh

t
(g

),
se

w
-

S
in

gi
e

co
co

on
w

ei
gh

t
(g

),
P

W
-

P
up

al
w

ei
gh

t
(g

),
SW

-
C

oc
oo

n
sh

el
l

w
ei

gh
t

(g
),

PR
-

~

P
up

at
io

n
ra

te
('Y

o)
,

L
D

-
L

ar
va

l
du

ra
ti

on
(d

ay
s)

,
FL

-
F

il
am

en
t

le
ng

th
(m

),
D

-
D

en
ie

r,
FE

C
-

F
ec

un
di

ty
(n

o.
)

Z 9 w



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
4.

13
9.

15
5.

11
 o

n
 d

at
ed

 2
9-

A
u

g
-2

01
6

August, 1998] Heterosis in Mulberry Silkworm 363

Table 3. Mean performance of parents and cross breeds among selected .lines for
different quantitative trait in BI x multi hybrids

LW SCW PW SW PR LD FL F FEC

Parents

Bivoltine (NB18)

High (H) 3.520 1.291 1.048 0.244 5.97 26.958 903 2.10 491

Medium (M) 3.222 1.263 1.019 0.246 15.11 26.792 886 1.91 377

Low (L) 2.067 0.811 0.660 0.151 50.86 26.333 651 1.49 342

Control (C) 2.351 1.010 0.821 0.188 38.89 26.333 781 1.80 386

Multivoltine (Pure Mysore)

High (H) 1.544 0.808 0.706 0.102 60.27 29.500 421 1.98 344

Medium (M) 1.418 0.732 0.636 0.096 73.38 29.333 387 1.83 343

Low (L) 1.168 0.584 0.510 0.073 75.43 29.000 270 1.69 312

Control (C) 1.489 0.701 0.606 0.05 81.14 29.417 355 1.88 325

(NB18 x Pure Mysore).
HxH 2.988 1.332 1.085 35.54 25.625 2.350.246 765 466

MxH 2.404 1.163 0.955 0.208 34.40 25.625 617 2.11 465

LxH 2.555 1.184 0.979 0.205 75.00 25.167 641 1.99 478

CxH 2.473 1.132 0.936 0.196 73.90 25.625 795 2.28 542

HxM 2.904 1.345 1.098 0.256 73.90 25.625 795 2.28 542

MxM 2.610 1.170 0.056 0.214 66.70 25.625 681 2.20 413

Lx M 4·676 1.228 0.998 0.230 100.00 25.167 730 2.06 496

CxM 2.569 1.198 0981 0.217 90.00 25.167 641 2.10 457

HxL 2.667 1.194 0.984 0.210 72.20 26.167 750 2.11 511

M x L 2.337 1.065 0.874 0.192 77.20 24.958 637 2.04 373

LxL 2.441 1.138 0.936 0.202 92.20 24.958 693 2.03 509

C x L 2.460 LiDS 0.906 0.200 88.30 25.167 625 2.03 501

HxC 2.922 1.293 1.055 0.238 95.60 25.625 752 2.15 537

MxC 2.605 1.233 1.007 0.214 80.60 25.167 641 2.08 511

LxC 2.498 1.110 0.909 0.201 90.60 25.167 699 1.97 425

CxC 2.537 1.095 0.906 0.188 75.60 25.625 564 1.87 465

*The first letter in the cross denotes female parent.
LW - Larval weight (g), sew - Single cocoon weight (g), PW - Pupal weight (g), SW - Cocoon
shell weight (g), PR - Pupation rate (%), LD - Larval duration (days), FL - Filament length
(m), D - Denier, FEC - Fecundity (no.)
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while heterosis in shell weight, is due to complete dominance [17]. The results
obtained in this study are partially in agreement with the above observation.

Mean values of the traits in respect of parents and their hybrids of reciprocal
crosses are presented in Table 3 and 4 respectively. All the hybrids registered better
performance than their parents in respect of pupal weight, larval weight, cocoon
weight, shell weight, pupation rate, filament length (except M x H and C x C) and
fecundity. The reduction in larval duration and increase in the size of the filament
compared with their parents was noticed in all the hybrids. Larval duration and
denier registered negative and positive BP significant heterosis respectively. The
magnitude of heterosis over BPV was higher in the crosses involving the low lines
as female components (L x H, L x M, L xL and L x C) with an exception to larval
duration and pupation rate. These findings are also further established when the BP
heterosis is estimated averaged over male and female components (Table 5).

Among the heterosis averafed over male components in PM x NB18 and female
component in NB18 x PM combinations, low selection lines registered high degree
of positive heterosis over BPV (except larval duration and pupation rate). This
indicated that a greater hybrid vigour is observed in those interbreed crosses in
which bivoltine happened to be either low male or female component. Large genetic
distance present in the hybrids involving low selection lines probably increase the
heterosis [4,5]. Further, the mean values of cocoon weight, shell weight, and filament
length in the direct crosses (M x B) were higher than their reciprocals (B x M)
which supports the observations of Tazima [10]. First, it was proposed that maturity
genes linked to Z chromosome play an important role in reciprocal hybrid differences
since these genes have close relationship with body size, cocoon weight, shell weight,
and body weight, [6]. Later, Marohoshi [7] proposed multiple allelism of maturity
genes on Z chromosome and the differences for maturity in direct and reciprocal
crosses. Further, this genetic mechanism involves voltinism, maturity genes,
temperature during silkworm rearing and hormonal interplay seem to operate on
the manifestation of the traits [18]. Significant negative BP heterosis obtained in the
desired direction for larval duration indicated that the magnitude of heterosis was
more in reciprocal crosses (B x M) than direct crosses (M x B). It is important to
consider these results while utilising strains which differ in pupal weight, for
developing superior F1 hybrids. The crosses involving bivoltine male (0.479 - 0.795
g) or female (0.706 - 0.882 g) with lower pupal weight, is olie of the desirable
component in hybridisati.on to obtain high magnitude of heterosis.



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
4.

13
9.

15
5.

11
 o

n
 d

at
ed

 2
9-

A
u

g
-2

01
6

August, 1998] Heterosis in Mulberry Silkworm

REFERENCES

367

1. D. S. Falconer. 1981. Introduction to quantitative genetics, Second Edn, Longman, London.

2. E. P. Cunningham. 1982. The genetic basis of heterosis. Proc: 2nd world Congress on Genetics
Applied to Livestock Production. Madrid, Spain. 6: 190-205.

3. A. K. Sheridan. 1981. Cross breeding and heterosis. Anim. Breed Abst., 49: 131-144.

4. F. T. Shultz. 1953. Concurrent inbreeding and selection in the domestic fowl. Heredity., 7: 1-2l.

5. P. Goldek. 1974. Specific problems of breed evaluation and crossing in pigs. In Proc. Working symp.
breeding eval crossing expts. Research Institute for Animal Husbandry "Schmoord" Zeist., 217-236.

6. T. Nagatomo. 1942. On the inheritance of voltinism in the silkworm. ]. Seric. Sci., ]pn. 13: 114-115.

7. S. Marohoshi. 1949. Developmental mechanism in Bombyx mori Meibundo. Tokyo.

8. T. Nakada. 1970. Researches on the sex-linked inheritance of the cocoon weight in silkworm Bombyx
mori L. 2. Comparison of reciprocal crossings. J. Fac. Agric., Hakkaido Univ., 56 (3) : 348-358.

9. T. Nakada. 1972. Researches on the sex-linked inheritance of the cocoon weight in silkworm Bambyx
mori L. 3. Variability of the back-crossed generatic.l. J. Fac. Agric., Hokkaido Univ. 57(1): 41-50.

10. Y. Tazima.1988. A view on the improvement of mysore breeds. Proceedings of First International
Congo for tropical sericulture practices, CSB, Bangalore, India.

11. C. K. Bhuvan Kumar, C. B. Lynch, R. C. Roberts and W. G. Hill. 1985. Heterosis among lines of
mice selected for body weight 1. Growth. Theor. Appl. Genet., 71: 44-51.

12. C. K. Bhuvan Kumar, R. C. Roberts and W. G. Hill. 1985. Heterosis among lines of mice selected
for body weight 2. Reproduction. Th~r. Appl. Genet., 71: 52-56.

13. K. Suzuki and K. Maruyama. 1961. Inheritance of cocoon filament length and cocoon filament size
in Bombyx mario Sansi Kenkyu., 37 : 114-118.

14. T. Maruyama, 1984. Breeding of silkworm races 010 and 610 having more filament weight and
filament length. Tech. Bull. Seric. Expt. Stn., 119: 53-70.

15. J. Nagaraju. 1990. Studies on some genetic aspects of quantitative characters in tropical silkworm
Bombyx mari L. Ph.D. Thesis, University of Mysore, India.

16. S. Krishnaswami. 1978. New technology of silkworm rearing. CSR&TI Bulletin No.2, Central Silk
Board, India, 1-23.

17. Gama and T. Hirbayashi. 1983. Genetic analysis of growth rate., pupation rate and some quantitative
characters by diallel crosses in silkworm Bombyx mori L. Japan J. Breed., 33(2): 178-190.

18. T. Oshiki. 1979. Studies on the sex-linked manifestation of the quantitative characters in Rambyx
mori IV. Relationship between the sex-linked quantitative characters and the corpus alia tum harmone,
J. Seric. Sci. Jpn., 480: 360-364.




