SPECIAL SECTION: RECENT ADVANCES IN SILKWORM BIOLOGY
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During the last three decades, silk production increase
benefited, to a great extent, from the application of
genetic principles in the silkworm breeding pro-
grammes. The conventional breeding methods such as
progeny testing, exploitation of hybrid vigour, geno-
type X environment interaction coupled with utiliza-
tion of silkworm stocks that carry a translocated W
chromosome provided continued success. Recent devw-
elopments in transgenic silkworm technology, applica-
tion of DNA markers for strain characterization and
construction of linkage maps, and understanding the
genetics of viral resistance provide requisite tools that
can expedite further silkworm improvement.

THE domesticated silkworm, Bombyx mori is one of the
genetically well-characterized insects next only to the
fruitfly, Drosophila and has recently emerged as a lepi-
dopteran molecular model system"?. The well-developed
genetics of this species includes more than 400 well-
described mutations which have been mapped to > 200
loci, comprising 28 linkage groups or chromosomes’. In
addition, hundreds of geographical races and genetically
improved strains are maintained in different countries
where sericulture was/is in vogue. These races and strains
differ not only in well characterized Mendelian traits but
also in not so well-studied complex or quantitative traits
such as body size, feeding duration, thermal tolerance,
and disease resistance. The monophagous nature of silk-
worm initially confined its rearing only to those countries
where its food plant, mulberry (Morus species) is culti-
vated for silk production on industrial scale. However,
research carried out in the early 1960s on the nutritional
requirements of the silkworm led to the formulation of
artificial diet, which freed silkworm rearing from the use
of mulberry leaves and helped to expand the study of
silkworm to academic laboratories.

Genetic strategies

Cross-breeding strategies and exploitation of hybrid
vigour

As with many agricultural crops and livestock, silkworm
improvement through conventional breeding strategies
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followed farmers’ requirements and needs of the markets,
with reasonable degree of success. However, the breed-
ing objectives followed in different countries where seri-
culture was/is being practised remained quite different
and quite often contradictory for many of the traits. For
example, in Japan, which achieved remarkable success in
improving the qualitative and quantitative output of silk,
the breeding objectives centered on obtaining higher silk
productivity of superior quality. Silk productivity per
larva improved remarkably over the years. Conventional
hybridization and selection was and still is widely used
for improving yield potential in silkworm (Figure 1a, b).
This strategy generates variability by hybridizing the
elite genotype (the breeding lines having the desired
traits) with other improved varieties or local varieties,
followed by selection of the desirable recombinants. The
breeding objectives were achieved with precise selection
starting from the initial choice of parents, meticulous
progeny testing and selection and matching ecological
and nutritive conditions. To further increase the yield
potential of silkworm, heterosis breeding —which exploits
the increased vigour of the F; hybrid (improved growth
rates, better crop stability by virtue of increased resis-
tance to biotic and abiotic stresses) has been used in
silkworm*. Today, most sericulturists rear silkworm
hybrids in almost all the countries where sericulture is in
vogue.

In fact, the two big leaps involving the use of hybrid
vigour were taken with the silkworm and maize, the for-
mer coming slightly earlier than the maize. The demon-
stration that hybrid vigour is manifested in F; hybrids
when two genetically distinct silkworm strains are
crossed was carried out by Toyama as early as in 1906
(ref. 5). The superiority of F; (Figure 2a) hybrids was so
much apparent that by 1919, 90% of the eggs produced
were hybrid borne, reaching 100% by 1928, in Japan®.
The average weight of the cocoon shell, increased by
selection from around 180 mg in 1804 to about 200 mg in
1910, was further enhanced thereafter to more than
400 mg in less than 20 years, when the F; hybrids were
introduced in Japan6 (Figure 3). Another important appli-
cation is the use of tetra-parental hybrids involving the
crossing of two F; hybrids, each produced by different
combinations of Japanese or Chinese silkworm stocks
(Figure 2 b).
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Conventional silkworm breeding approaches. a, High-yielding polyvoltine varieties are bred typically by crossing the existing low-

yielding but highly disease-resistant (resistance to viral and bacterial diseases) polyvoltine strain to high yielding but susceptible bivoltine variety.
3—4 recurrent back-crosses are made to polyvoltine parent mainly to recover non-diapause and resistance traits while exercising selection for mod
erate cocoon yield attributes and quality parameters. After 8—10 generations of inbreeding coupled with selection, the resultant polyvoltine inbred
lines are tested for their combining ability by using a highly inbred bivoltine strain as a male tester parent. b, High-yielding bivoltine varieties are
bred by crossing a Chinese type (with oval-shaped cocoons) silkworm strain with a Japanese type strain (with peanut-shaped cocoons). The desired
traits are selected in the segregating population. Inbreeding coupled with selection is carried out for about 10 generations followed by diallel analy-

sis and selection of suitable parents/hybrid combinations.
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Figure 2. Single and double cross hybrids (tetra-parental hybrid) of
silkworm. a, In single cross hybrid, a Chinese type (with oval-shaped
cocoons) bivoltine strain is crossed with a Japanese type (with peanut-
shaped cocoons) silkworm strain to obtain an F; hybrid; b, In tetra-
parental hybrid two foundation cross hybrids are obtained first and are
then crossed to obtain a double cross hybrid.
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Use of translocated W-chromosome stocks for
sexing animals

Sex chromosome constitution in silkworm is ZZ in males
and ZW in females. Hasimoto’ unequivocally demon-
strated that the W chromosome nearly monopolizes the
power of determination of femaleness through the find-
ings that even triploids with ZZW and tetraploids with
ZZZW chromosome constitution become normal females
(Table 1). The conclusive proof of evidence that W
chromosome determines femaleness came when the W
chromosome carrying the translocated dominant gene for
larval markings from second chromosome was discov-
ered by Tazima® in an irradiated batch of e ggs.

When the translocated dominant gene was present, the
larvae carrying the markings were invariably females,
while all the larvae devoid of markings were males (Fig-

CURRENT SCIENCE, VOL. 83, NO. 4, 25 AUGUST 2002






