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Abstract. The mulberry silkworm, Bombyx mori L., 1758 (Lepidoptera: Bombycidae) is classified as univoltine, bivoltine, and polyvoltine based on
the annual brood frequency. Voltinism in B. mori is characterized by the occurrence of embryonic diapause (facultative and obligatory diapause).
Univoltine silkworms suited to cold and temperate regions lay diapausing eggs and polyvoltine silkworms suited to tropical regions lay non-
diapausing eggs. In contrast, the occurrence of diapause in bivoltine silkworms is influenced by the environment. In addition to the difference in
the occurrence of embryonic diapause, larval duration, and cocoon characters show distinct variations. In the present correspondence, we are
presenting an interesting observation from two silkworm races Barapath and Barapolu originating from the North-East region of India that display
divergence in voltinism. The unique characteristic features of univoltine, bivoltine, and polyvoltine observed in the races are discussed explaining

the occurrence.
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The silkworm, Bombyx mori L., 1758 (Lepidoptera: Bombycidae),
originating from its wild ancestor, Bombyx mandarina Moore,
1852 (Lepidoptera: Bombycidae) is the only invertebrate species
entirely domesticated due to its economic importance. The process
of domestication of this unique insect species represents Darwin’s
theory of artificial selection where the species evolved rapidly due to
the strong artificial selection under human intervention to produce
desired traits (Xiang et al. 2018; Zhu et al. 2019). This domesticated
lepidopteran exhibits wide diverse morpho-biochemical and biometric
characters and has been the subject of much interest due to its
variation in voltinism (Awasthi et al. 2008).

A significant disparity exists among these holometabolous insects
regarding the number of generations produced per year, which varies
from univoltine to bivoltine or to polyvoltine for the virtue of producing
one, two, or multiple broods annually and thus is an important
criterion for the scientific classification. Voltinism is determined
in diapause or non-diapause eggs where the univoltine eggs enter
diapause every generation (obligatory diapause), the bivoltine eggs
diapause expression is determined by environmental cues (facultative
diapause) and the polyvoltine eggs never enter diapause (Yamashita &
Yaginuma 1991; Nurakami & Yoshiki 1989; Muniraju & Mundkur 2018).
In addition to the difference in the occurrence of embryonic diapause,
larval duration, and cocoon characters show distinct variations. The
dominance in larval duration and cocoon characters among three
voltines are recognised in the order of univoltine>bivoltine>polyvoltine
(Otsuki & Sato 1997; Muniraju & Mundkur 2018).

The embryonic diapause in B. mori is trans-generationally
induced under maternal control where embryonic diapause is an
alternative developmental program in the life cycle accomplished
by developmental, behavioral and physiological events (Yamashita
1996; Sato et al. 2014). Diapause occurs in the late gastrula stage
of embryogenesis during which embryonic cell cycle gets arrested
in G, phase exclusive of a small fraction of continuously cycling cells
(Nakagaki et al. 1991). Eggs in dormancy are identified as seasonal
polyphenism characterized by lower metabolic activity, a halt in dermal
differentiation and changes in the chorion permeability responsible for
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the oxygen-deficient environment (Saheb et al. 1990; Sasibhushan et
al. 2012).

The voltinism in silkworm is not consistent as a whole. For
instance, Barapat and Barapolu races preserved in Central Sericultural
Research and Training Institute, Pampore under germplasm breeding
programme as genetic resources under temperate conditions have
shown atypical voltinism. A considerable discrepancy exists in the
literature with reference to voltinism of these two races. According to
Ghosh & Ghosh (1995), Chandra & Choudhury (2001) and Singh (2004),
Barapat and Barapolu originate from North-East region of India and
belong to the race Textor, are univoltine in nature and spins greenish-
white or pure white cocoons. On the contrary, Chauhan & Tayal (2007)
and Kumaresan et al. (2004) identified Barapolu as a polyvoltine race.
As per Muniraju & Mundkur (2018), Barapolu is an exotic univoltine
race and was tropicalized in West Bengal. Considering the discrepancy,
the present correspondence aims to provide details of the results of
the rearing under temperate conditions.

Under temperate conditions, silkworm races Barapat and Barapolu
were reared during spring (May) under standard rearing conditions
(Krishnaswami 1978; 1983). The young age larvae (1% to 3™ instars)
were reared on leaves of mulberry varieties KNG and Ichinose (27-
28 °C: 85-90% RH) and the late age larvae (4" and 5% instars) on
Goshoerami leaves (24-26 °C: 70-80% RH). Both races were reared
in three replications, and about 250 larvae were retained after the
third moult for further studies. The mature larvae at the end of 5"
instar were collected manually and transferred to collapsible plastic
mountages for cocooning. The eggs laid by the emerging moths were
incubated at 25°C to maintain a diapause state. Larvae and cocoons
from the rearing period were assessed using the following equations.

Larval weight (g): Weight of 10 randomly selected 5-day old 5%
instar larvae (g)/10

Cocoon weight (g): Weight of 10 cocoons (g)/10

Shell weight (g): Weight of 10 cocoon shells (g)/10

Shell ratio (%): Single cocoon shell weight (g)/ Single cocoon weight
(g) x 100

Silk filament length (m): Revolutions of aprovette (No.) x
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circumference of wheel (m).

Temperate region of Kashmir is considered conducive for the
rearing of univoltine races due to the availability of nutritive mulberry
leaves that sprout in spring after hibernation during severe winter
(Narayanan & Tikoo 1969). Interestingly under temperate conditions,
these races are identified by atypical voltinism. Few moths from 2019
spring rearing laid non-diapause eggs mixed with diapause eggs (Tab. 1).
ANOVA analysis conducted between non-diapause and diapause eggs
showed that the number of non-diapause eggs was significantly lower
than diapause eggs (Barapat: F=844.019; df=1, 18; p<0.0001; Barapolu:
F=624.441; df=1, 18; p<0.0001). According to McCracken (1909), the
occurrence of bivoltine in univoltine is a rare event described by the
author as a reversion to an ancestral condition.

Table 1. Non-diapause and diapause eggs laid by Barapat and Barapolu silkworm
races.

Race No. of Eggs Non-diapause Diae:::se Hat:(h;)b I3y
*
DFLs' (MeanzSE) eggs (MeanzSE) (MeanSE) (MeanSE)
Barapat 10 357.6+12.43 7.3+3.11 299.2+9.55 85.82+1.38
Barapolu 10 328.7+12.90 8.6+4.43 275.7+9.73 86.63+1.64

*Disease Free Layings

A bivoltine silkworm exhibits a maternally controlled diapause
determined by the environmental cues such as photoperiod,
temperature, humidity, and nutrition received by mother while in the
embryo stage. Among the abiotic factors, temperature and photoperiod
play a significant role in diapause of bivoltine silkworm, particularly
during the later incubation period of embryonic development.
Incubation temperature of 15 °C under continuous darkness and
25 °C under continuous illumination result in non-diapause and
diapause eggs, respectively (Watanabe 1919), whereas a transient
temperature and photoperiod could lead to the occurrence of both
diapause and non-diapause eggs. According to the study by Sato et al.
(2014), temperature above 21 °C activates the temperature-sensitive
ion channel BmTrpAl during which the induction of diapause in the
progeny is affected. The study also reported that BmTrpA1l knockdown
induces non-diapause eggs in progeny. In contrast, multivoltine moths
in tropical conditions lay non-diapausing eggs at 25 °C and embryos
continue to grow without entering diapause (Otsuki & Sato 1997; Sato
2014).

Univoltine eggs are characterized by unique colouration pattern
during the oviposition, i.e., yellow or light-yellow coloured eggs are
destined to spin white cocoons, and deeper yellow or golden coloured
eggs are destined to spin yellow cocoons (McCracken 1909; Mukherjee
1912). Though there is a shift in the voltinism of these races, the
colouration patterns of eggs, freshly hatched larvae and cocoons are
still observed (Fig. 1).

In comparison to univoltine and bivoltine silkworm, larval size
of polyvoltine is small, and larval duration is shorter (Otsuki & Sato
1997). The average larval duration of a bivoltine silkworm reared under
germplasm programme ranges between 25 and 26 days. In the case of
Barapat and Barapolu, the larva is small in size and average duration
of the larval period was 26.00+0.07 and 25.10+0.04 days, repectively.
In terms of average weight, the two races weighed 26.34+1.08 and

25.33+1.09, respectively, lowest among the other races maintained
under germplasm programme.

The cocoon characters of polyvoltine, bivoltine, and univoltine
silkworm show distinct variability. The cocoon characters cocoon
weight, cocoon shell weight, shell ratio, and cocoon filament length
of univoltine and bivoltine are high when compared to a polyvoltine
silkworm (Babu 2013). The average filament length of cocoon ranges
between 300-400 m for polyvoltine and between 800-1200 m for
bivoltine and univoltine races. The average cocoon weight (g), shell
weight (%), shell ratio (g) and filament length (m) of Barapat and
Barapolu were 1.14+0.01, 0.12+0.01, 10.53+0.56 and 584+6.75 and
0.9640.01, 0.11+0.01, 10.94+0.29 and 513+15.60, respectively, lowest
among other races maintained.

In the molecular evaluation study conducted by Awasthi et al.
(2008), Barapolu showed a great genetic distance from bivoltine and
polyvoltine races. Among the genotype group studied, Barapolu,
originating from North-East India showed a closer genetic relationship
with bivoltine race Feng shong, originating from China, indicating origin
from similar geographical regions.

In general, univoltine and bivoltine breeds from China, Japan, and
Korea are ecologically adapted to temperate conditions where diapause
serves as a mechanism to cope with both severe winter climatic
conditions and to host availability. In comparison, tropical polyvoltine
populations lack the ability to diapause due to the availability of
favourable conditions (Nurakami & Yosshiki 1989; Awasthi et al. 2008;
Haghighi & Kumar 2017). Mulberry sericulture in India thrives under
diverse climatic conditions ranging from temperate to tropical. Hence,
these races are performing according to the ecological conditions cuing
that induction or acquisition of diapause phenomenon seems to be
adaptive.

Similarly, this view is supported by the study where a tropical non-
diapausing polyvoltine race from Indonesia was introduced in Japan,
and the life cycle of the race changed according to the seasonality. Most
of the eggs laid in spring were non-diapausing and a mixture of diapause
and non-diapausing eggs were laid in summer followed by diapausing
eggs almost in autumn. The transformation was evidenced by two
recessive genes, npnd and pnd for controlling the non-diapause state
and npnd*and pnd* for the diapause state (Katsumata 1968; Yamamoto
et al. 1978; Murakami 1989; Nurakami & Yoshiki 1989). According to
Yamamoto et al. (1978), the npnd gene confers high adaptability to a
wide range of change in climatic conditions, whereas pnd is indifferent
to the climatic conditions. These observations indicate that mulberry
silkkworms with genetic endowment facilitate the adaptive ability to
different environmental conditions.

Since sericultural regions of India are composed of diverse weather
patterns, it becomes essential for the silkworm to attain physiological
and genetic diversification especially due to its evolution under the
influence of diverse agro-climatic factors, limited cultural exchange
between countries participating in sericulture and human intervention
at every step in the process of domestication.

Figure 1. Unique coloration patterns in freshly hatched larva and cocoons of silkworm races Barapath (A, B) and Barapolu (C, D).
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