J. Seric. Sci. Jpn. 64 (2), 103-109 (1995)

Effects of selection on cocoon filament length in divergently

selected lines of the silkworm, Bombyx mori
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To examine the effects of selection and the degree of manifestation of heterosis, we
compared the polyvoltine populations of Bombyx mort selected for long or short
cocoon filament lengths for 11 generations, and performed their inter se matings and
crosses of selected lines with unrelated bivoltine tester populations. We measured the
selected trait, viz. the filament length, as well as other unselected traits such as
survival rate, single cocoon weight, cocoon shell weight, cocoon shell ratio and
filament size. The genetic improvement brought about for filament length by virtue of
selection was found to be reflected in the hybrids. On an average, genes for short
filament length were found to be dominant over those of long filament length.
Significant difference in reciprocal crosses was observed for the selected trait in the
interline matings. Matings of the lines with long or short filament lengths with the
unrelated tester population reflected the filament length of the selected population.
Among the unselected traits, heterosis was more extensive for the survival rate
followed by the single cocoon weight and cocoon filament size in both interline
matings and the crosses of the selected lines with unrelated tester population.
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A high level of heterosis for various quanti-
tative characters is found to occur in the
crosses of highly inbred lines and geographi-
cally divergent populations of the silkworm,
Bombyx mori (Harapa, 1957, 1961;
KrisuNASWAMI et al., 1964; Hirosg, 1968;
YorovaMa, 1979; Gamo and HiraBavasH! 1983;
NAGARAJU, 1990). It has also been demon-

strated in various plants and animal species
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that the lines derived from the same popula-
tion with different selection histories are
known to reveal heterosis when they are
crossed (FALCONER, 1986). Practical demon-
strations have also come from poultry for
selection of egg weight and body weight
(Haccer, 1985; DuUNNINGTON et al., 1990),
mouse for body weight (BHUVAN KUMAR et al.,
1985) and Drosophila melanogaster for bristle
number (RoBertson, 1960). In B. mori selec-
tion for various quantitative characters re-
sults in change in their mean to a varying
degree (Kurasawa, 1968; Gamo and ICHIBA,
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1971; MrvaHARA, 1978). The selection for one
character is found to produce correlated
changes in the other quantitative characters of
economic importance (KoBarl and FusimMoro,
1966; M1vAHARA, 1978). In this connection of
interest is the problem as to how the amount
of heterosis for the selected and unselected
traits is manifested depending upon the selec-
tion history of population.

In a polyvoltine base population (non-
hibernating strain that breeds throughout the
year) divergent selection exercised for long
and short filament lengths for 11 generations
resulted in two populations with respective
mean filament lengths of 87611 m and 704*
7m (NAGaRAJU, 1990). The correlated changes
in size and weight of the silk filament and
weight of the cocoon also occurred. For exam-
ple, the line selected for longer cocoon fila-
ment registered longer filament with a corre-
lated decrease in its size while opposite was
the case in the line selected for shorter cocoon
filament.

The experimental population derived from
the selection experiment thus provides an
excellent genetic background for studying the
effects of artificial selection on the genetic
differentiation of the selected populations of
this economic insect. Hence the present investi-
gation was carried out to: (a) assess the level
of heterosis in the interline crosses and their
reciprocals and (b) assess the degree of
heterosis in the crosses of the selected lines

with unselected tester line.
Materials and Methods

The lines “LFL” and “SFL” selected for 11
generations for long and short filament
lengths, respectively, were used in the present
study. These lines were derived from a com-
mon polyvoltine silkworm populations

(Nagaragu, 1990). The

common base

population was synthesized by crossing 4
highly inbred polyvoltine lines, viz. MWI,
MW2, Kollegal jawan and MHMP(W)
(NAGARAJU et al., 1988). As an unrelated tester
line, NBjig, a highly inbred line that has passed
80 generations since bred from a Japanese
double cross, (Kokko X Seihako) X (N124 X
C124), was used (Krisunaswami, 1978). This
particular line was chosen for the present
investigation since it is known to produce
highly heterotic hybrids when used as a male
parent to cross with the females of polyvoltine
strains by providing a new genetic back-
ground (NAGARAJU et al., 1987). Since the
reciprocal crosses polyvoltine male X
bivoltine female are known to show striking
reciprocal effects due to sex linked early ma-
turing genes (Tazima, 1988; Murakami, 1989),
they were avoided in the present study.

From each of the parental populations, LFL
and SFL, 10 males and 10 females were ran-
domly picked and their reciprocal crosses
(LFL X SFL and SFL X LFL) were prepared.
Ten females each from LFL and SFL lines
were crossed to 10 males of the bivoltine in-
bred line NBis. Mating period of 3 hr was
allowed, followed by 24 hr duration for
oviposition. At least 50 eggs from each of the
egg layings obtained from the 10 pair matings
were pooled to generate 3 replicates in each
cross. Similarly, 3 replicates from each of the
parental lines, LFL and SFL, were raised
from 10 pair matings. The interline crosses,
their reciprocal crosses, line X tester crosses
and their parental lines were reared simulta-
neously. Data were collected for the survival
rate (live pupae recovered from the total num-
ber of larvae retained in each replicate). Co-
coon characters such as single cocoon weight,
cocoon shell weight and cocoon shell ratio
were recorded in parallel with cocoon fiber

characters such as cocoon filament length and
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size.

Heterosis for each character was measured
as percentage of deviation of the hybrid mean
from the parental mean. Analysis of variance
was carried out to elicit differences between
parental populations, between hybrid popula-
tions, between parental and hybrid popula-
tions and between direct and reciprocal inter-
contrasts

line matings. The statistical

Table 1.

(Table 1) among populations were analyzed
by the method according to DUNNINGTON et al.,
(1990).

Results

The short-long difference for the selected
trait accounted for 172 m (Table 2). The sig-
nificant (p<{0.01) difference between the two

parental populations was found for the se-

Contrasts analysed among poulations.

1. Parents
Comparison of LFL line

with SFL line
Comparison of Parents

with interline matings

2. Interline matings
Heterosis

Reciprocal effects

3. Crosses with tester line o (T)

Comparison of LFL and SFL ¢
when mated to T

Comparison of LFL X T cross
with SFL line

Comparison of SFL X T cross
with SFL line

LFL+SFL

LFLXSFL  vs.

LFLX T vS.
LFL vs.

SFL vs.

LFL vs. SFL

LFL vs. SFLXLFL and LFL X SFL
SFL vs. SFLXLFL and LFL X SFL

LFLXSFL
vs. an
2 SFLXLFL

LFLXSFL
SFLXT
LFLXT

SFLXT

LFL, line selected for longer filament length; SFL, line selected for shorter

filament length; T, tester line (NBig).

Table 2. Heterosis for various characters between divergently selected lines.
Characters Lines Interline matings Heterosis %
LFL SFL LFLXSFL SFLXLFL LFLXSFL SFLXLFL

Filament length 876 704
(m)

Cocoon filament 2.00 2.85
size (denier)

Single cocoon 1.37  1.34
weight (g)

Single shell 0.21 0.20
weight (g)

Cocoon shell 15.63 14.79
ratio (%)

Survival rate (%) 56.25 68.06

783 7 —0.89 —9.2
2.19 2.2 3.29 3.76
1.42 1.35 4.17 0.80
0.23 0.22 20.70 4.83

16.50 16.08 8.48 5.72

73.12 74.97 17.64 20.06
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lected trait, cocoon filament length (Table 3).
For the other traits, the line SFL had higher
mean for the cocoon filament size and survival
rate, while the LFL line showed favorable
mean for the single cocoon weight and cocoon
shell weight, although differences were not
significant.

The striking effect of differences in length of
filament accrued in the parental line was seen
in the hybrids of interline matings. Values of
heterosis expressed as percentages of
midparental values are presented in Table 3.
The hybrid mean in both direct and reciprocal

crosses fell short of the midparental values.

Table 3.
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Results indicate that the heterosis found here
is evidence for directional dominance of al-
leles at loci involved in determining the char-
acter under study. Alleles from the SFL line
were on an average dominant for the filament
length and size while those from the LFL line
were dominant for the cocoon shell weight and
single cocoon weight. The hybrids of LFL and
SFL and their reciprocals were not signifi-
cantly different from each other for any trait
other than the selected one, the filament length
(Table 3).

The hybrids of LFL and SFL dams with
tester (NBig) sires showed interesting results

Extract of analysis of variance for the characters measured

in parental lines and their interline matings.

Source df Mean sum of squares
Survival Single Single Shell Filament

rate cocoon wt.  shell wt. ratio length
Parents 1 210.0417 0.0014 0.0004 3.5267 44204.17 % *
Hybrids 1 4.86 0.0067 0.0003 5.2267 6600.17 * *
Parents X 1 423.6408 0.0016 0.0011 * 3.6299 4880.34 * *

hybrids

Error 36 42.18 0.0033 0.0002 0.9242 359.00

* *and * indicate P<{0.01 and P<(0.05, respectively.

Table 4. Heterosis for various characters between divergently selected

lines and tester.

Characters Lines Crosses Heterosis (%)

LFL SFL Tester LFLX SFLX LFLX SFLX

Tester Tester Tester Tester

Filament length(m) 876 704 870 1,000 883 14.55 12.20

Cocoon filament 2.00 2.85 2.60 2.68 2.80 16.24 15.67

size (denier)

Single cocoon 137 1.34 1.76 1.72  1.68 12.93 11.48
weight (g)

Single shell 0.21 020 0.3 035 0.32 25.71 17.61
weight (g)

Cocoon shell 15.63 14.79 20.86 20.48 19.05 12.83  7.44
ratio (%)

Survival rate (%) 56.25 68.06 47.50 66.40 72.08 23.81 25.14
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(Table 4). The hybrid of LFL X tester re-
corded a higher mean with a difference of 117
m as compared to that of SFL X tester. Differ-
ence between the two hybrids was highly
significant (p<{0.01) for this trait (Table 5).
For other traits, heavier single cocoon and
cocoon shell weights and thinner filament size
of the LFL line and lighter single cocoon and
cocoon shell weights of the SFL line were
evident in their respective hybrids, although
analysis of variance did not reveal any signifi-
cant differences. Both the hybrids revealed
significant heterotic effects for all the traits

over their parental strains.
Discussion

The striking effect on the length of filament
in interline matings and crosses of the selected
lines with an unrelated tester parent is consist-
ent with the differences observed in the paren-
tal stocks with different selection histories,
where the SFL line secreted shorter and
thicker cocoon filament and formed smaller
cocoon while the opposite was the case in the
LFL line. The results show that genetically
distinct populations with different mean val-
ues could be obtained in the silkworm by
virtue of selection for an important economic
trait like the length of cocoon filament. Ge-

netic differences observed in the lines selected

divergently from the same base population
and heterotic effects for the selected and
unselected traits corroborate the theoretical
contention (FALCONER, 1986) that sub-division
of base population through inbreeding results
in lines with different genic values. The direc-
tional dominance for the short silk filament
length probably reflects a history of past
directional selection towards increasing fit-
ness as contended by RoBERTsON (1955). The
results are not surprising considering the fact
that the polyvoltine silkworms from which the
lines are derived were adopted towards secret-
ing shorter filament. In an evolutionary con-
text, almost all the polyvoltine strains distrib-
uted in the tropical countries are endowed
with shorter and thicker filament and smaller
cocoon, thus revealing positive correlation
between voltinism and other quantitative
traits (TaziMa, 1988; Murakami, 1989).

The significant difference between direct
and reciprocal interline crosses indicates the
involvement of sex linked genes which are
known to cause differences in quantitative
traits in reciprocal crosses in the silkworm
(NagaTomo, 1942; MoronossI, 1949; MURAKAMI
and Onrsuki, 1989). Relative to midparent
values both interline matings and the hybrids
of selected lines and unrelated tester parent
revealed significant levels of heterosis for the

Table 5. Extract of analysis of variance measured in LFL and SFL
lines and their crosses with an unrelated tester line.

Source df

Mean sum of squares

Survival Single Single Shell Filament
rate cocoon wt.  shell wt. ratio length
Parents 2 213.7817 0.0637* *  0.0132% = 21,1850 * * 19005.50 * *
Hybrids 1 39.0625 0.0018 0.0011 2.1025 13572.25 * *
Parents X 1 359.6602*  0.1369* x 0.00116 * 18.4815%  37350.15 % *
hybrids
Error 45 44,946 0.0017 0.0003 1.3260 413.10

* % and * indicate P<0.01 and P<0.05, respectively.
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survival rate. These results corroborate ear-
lier findings (HARaDA, 1961; YOKOYAMA, 1979;
Gamo and Hiraeavasui, 1983). It is expected
that the low heritability trait such as survival
rate (Gamo and HiraBavashi, 1983) displays
extensive heterosis and has become focal trait

for exploitation of heterosis in the silkworm.
References

Bruvan KuMar, C. K., Lynch, C. B., ROBERTS,
R. C. and Hius, W. G. (1985): Heterosis
among lines selected for body weight. 1.
Growth. Theor. Appl. Genet., 71, 44-51,

DunnniNeToN, E. A, SieceL, P. B. and ANTONY,
P. B. (1990): Reproductive fitness in selected
lines of chickens and their crosses. J. Hered-
ity., 81, 217-219. '

FaLcoNEr, D. S. (1986): Introduction to quanti-
tative Genetics (3rded.), pp. 248-261, Long-
mon, London.

Gamo, T. and HirapavasHr, T. (1983): Genetic
analysis of growth rate, pupation rate and
some quantitative characters by diallel
crosses in silkworm, Bombyx mori. L. Jpn.
J. Breed., 3, 178-190.

Gawmo, T. and IcHia, S. (1971): Selection ex-
periments on the fibroin hydrolysing ratio
in silkworm cocoons and its effects upon the
economic characters. Jpn. J. Breed., 21, 87-
92.

Haccer, C. (1985): Line and crossing effects in
a diallel mating system with highly inbred
lines of white leghorn chickens. Theor.
Appl. Genet., 70, 555-560.

Harapa, C. (1957): On the relation between
commercial characters and their Fy hybrids
in Bombyx mori. Proc. Int. Genet. Symp.,
352-356.

HaraDpa, C. (1961): On the heterosis of quanti-
tative characters in the silkworm. Bull.
Seric. Exp. Sta., 17, 50-52.

Hiroee, T. (1968): Evolution, differentiation
and breeding of the silkworm-the silk road,
past and present. Genetics in Asian Coun-
tries XII Int. Cong. Genet., 25-36.

Kosary, K. and FusiMoro, S.(1966): Studies on
the selection of cocoon filament length and

cocoon filament size in Bombyx mori. J.
Seric. Sci. Jpn., 35, 427-434.

Krisunaswami, S.(1978): Research and devel-
opment in mulberry sericulture. Indian
Silk., 18, 7-11.

KrisuNaswami, S., JorLy, M. S. and SupBA
Rao, S. (1964): Diallel analysis of quantita-
tive characters in Multivoltine races of silk-
worm. Indian J. Genet., 24, 213-222.

Kurasawa, H.(1968): Selection of quantitative
cocoon characters in the silkworm IL
Changing of cocoon characters with the
selection of weight of cocoon layer and
cocoon layer ratio. J. Seric. Sei. Jpn., 37, 51.

Mivanara, T. (1978): Selection for long fila-
ment length basic variety, MK. Effect of
selection in the later generations. Acta
Sericologica., 106, 73-78.

MoroHosar, S. (1949): Developmental mech-
anism in Bombyx mori, pp. 99-111, Meib-
undo, Tokyo.

Mugakami, A. (1989): Genetic studies on tropi-
cal races of silkworm, Bombyx mori with
special reference to cross breeding strategy
between tropical and temperate races. 2.
Multivoltine strains in Japan and their
origin. JARQ, 23, 123-127.

Murakami, A. and OnTsuki, Y.(1989): Genetic
studies on tropical races of silkworm and
genetic nature of the tropical multivoltine
strain, Cambodge. JARQ, 23, 37-45.

NAGARAJU, J. (1990): Studies on some genetic
aspects of quantitative characters in tropi-
cal silkworm Bombyx mori. Ph.D. Thesis,
University of Mysore, India.

NAGARAJU, J., JoLLy, M. S. and Noamani, M.
K. R. (1987): A sex limited multivoltine
strain for commercial exploitation. Indian
Silk., 25, 23-26.

NAGARAJU, J., VIIAYARAGHAVAN, K., RAVINDRA,
S. and PremavaTHA, V. (1988): Why not
white multivoltine strains for commercial
use in India? Indian Silk., 27, 21-23.

Nacatomo, T. (1942); On the sex linked inheri-
tance of quantitative characters in the silk-
worm Bombyx mori. J. Agric. Sci., 281,
155-173.

RoBerTsoN, A. (1955): Selection in animals-
synthesis. Coldspring Harbor Symp. Quant.



NacarAJU and Pavan KumMar: Selection for cocoon filament length 109

Biol., 20, 225-229. \ Trop. Seri. Bangalore, India.

RoBERTSON, A. (1960): A theory of limits in Yoroyama, T. (1979): In “Genetics in Relation
artificial selection. Proc. Roy. Soc. London to Insect Mangement” (Hov, M. A. and
Ser. B 153, 234-249. McKELVEY, J. J., Jr ., eds.), pp. 71-83, The

Tazima, Y. (1988): A view point on the im- Rockfeller Foundation.

provement of Mysore breed. Int. Cong.

JAVAREGOWADA NAGARAJU * TUMULURI PAvaN KuMAR: 7 1 2B AHRE ORKZHR

SR>V THRERLEEROEARIIIIERICO /2 - TEK L, Bk L RERTORE
WVRBRERD 2 LHERHKE OREICL > TRIFNR EANF o -V XORBELA2BR L1z, 2
LEBARES LOESKOEER, WE MEE WSS, WrELZ O LTERILL
1oL h, BREDOBRKICL > TH I N BENHNRBRRMEICKMT 2 LBHOME
Kot MHREOWHREREICH L TEETH - o #K L 2 R2HBMOMBERE TREREL
ERICHZE LI, RARLERAROBHKEREH 2 (LRI T 5 &, BENOHRED
RBtsnto, £, BIELRKERB XU 2 {LEORERM & ORELIC B WV TREKOEE I D
WTAFO— Y RERFANLER, SERTROAECEN, DLW THE, BABETCED SN,



