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ABSTRACT

The Tasar silkworm (Antheraea mylitta) plays a pivotal role in the sericulture industry, particularly in
India, where it has been cultivated for centuries. Its adaptability to diverse climatic conditions enhances
its suitability for sericulture in a range of geographic locations. This review explores the physiological
and molecular responses of Tasar silkworms to environmental stress, especially temperature-induced
oxidative stress, which can generate reactive oxygen species (ROS) and cause significant damage to
cellular components. The study of antioxidant defense mechanisms in these silkworms, including both
enzymatic and non-enzymatic pathways, provides crucial insights into their resilience to oxidative
damage. Furthermore, the role of heat shock proteins (HSPs) in thermal stress response is emphasized,
highlighting the differential expression and regulation of HSPs such as Hsp21 and Hsp70. These proteins
act as molecular chaperones, protecting cellular proteins from denaturation under elevated temperatures.
Comparative studies of HSP expression across various silkworm strains and developmental stages
underscore the complexity of the thermal stress response, aiding in the identification of genetic factors
that contribute to thermotolerance. Notably, recent advancements, such as the development of the SCAR
marker TT-PB1, have revolutionized the analysis of thermotolerance inheritance, paving the way for
targeted breeding strategies. Molecular breeding, particularly Marker-Assisted Selection (MAS), is
highlighted as a powerful tool for enhancing silk yield and improving desirable traits in silkworms. The
integration of traditional breeding methods with molecular insights from genomic databases like SilkDB
and KAIKObase enhances our understanding of genetic diversity and facilitates the development of
superior silkworm strains. In addition, transgenic technology offers promising avenues for gene
manipulation, enabling the introduction of foreign genes to improve silk quality, tensile strength, and
disease resistance. This review also delves into the molecular mechanisms underlying the pupal diapause
phenomenon in Tasar silkworms, focusing on the identification of diapause-specific expressed sequence
tags (ESTs) associated with genes such as Hsp23, and hexamerins. Understanding these molecular
aspects provides valuable insights for managing diapause and optimizing silk production. The utilization
of molecular markers, including RAPD, ISSR, and SNPs, has significantly advanced our knowledge of
genetic diversity and phylogenetic relationships among silkworm strains. These markers are instrumental
in deciphering genetic closeness, identifying wild ecoraces, and enhancing disease resistance through
techniques like RNA interference (RNAi). In silico approaches, such as whole-genome shotgun
sequencing (WGS), next-generation sequencing (NGS), and RNA sequencing (RNA-seq), are crucial for
identifying genes associated with silk production and exploring genetic diversity. Additionally, CRISPR-
Cas9 technology holds promise for precise gene editing, potentially transforming the silk industry by
enhancing silk properties and production.

Opverall, this comprehensive review underscores the importance of integrating molecular insights with
traditional breeding methods to advance the Tasar silk industry, contributing to sustainable sericulture
practices and the development of innovative silkworm strains for improved silk yield and quality.
Keywords: In-silico approaches, molecular marker, Tasar silkworm, heat shock proteins, and
sequencing
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Introduction

Molecular interventions have  significantly
advanced sericulture, particularly in the context of the
tropical Tasar silkworm, Antheraea mylitta. This
review focuses on the molecular strategies that have
been developed to enhance silk yield, improve thermal
tolerance, and boost disease resistance in Tasar
silkworms. Understanding the molecular mechanisms
underlying silk production is essential for improving
silk yield in silkworms. RNA sequencing (RNA-seq)
has been pivotal in identifying genetic factors that
influence silk yield. By developing markers associated
with high silk yield, researchers can facilitate marker-
assisted selection and targeted breeding programs.
Utilizing genetic resources from diverse strains and
comprehensive  databases  like  SilkDB  and
KAIKObase, researchers can enhance breeding efforts
tailored to specific environmental conditions.
Traditional breeding methods are being complemented
by modern techniques such as genetic engineering and
biotechnological advancements, with Marker-Assisted
Selection (MAS) proving to be a powerful tool in
accelerating the breeding process and enhancing
selection efficiency.

Thermal tolerance is crucial for the survival and
productivity of silkworms in varying environmental
conditions. Polyvoltine strains generally show better
thermal tolerance compared to bivoltine strains.
Research has revealed diverse thermotolerance levels
among different strains, suggesting adaptation to
specific environments. Younger silkworms exhibit
more sensitivity to heat shocks, with thermotolerance
increasing as they mature. Studies have highlighted the
differential expression of heat shock proteins (HSPs)
like 90 kDa and 84 kDa in early instars, and various
HSPs in later stages, emphasizing their role in
thermotolerance. In multivoltine strains, different sets
of HSPs are expressed at various temperatures,
indicating the importance of HSP concentration and
distribution for acquiring thermotolerance. Recent
research on Tasar silkworms has underscored the
importance of HSPs in responding to thermal stress.
The upregulation of hsp21 and hsp70 genes plays a
critical role in cellular defense mechanisms during
thermal stress. Insights from Kumar et al. (2011) have
highlighted the role of hsp21 in thermotolerance, while
Vasudha et al. (2006) used proteomics to map HSP
expression patterns across different strains and
developmental stages, enhancing our understanding of
thermal adaptation.

In silico approaches have become indispensable in
studying thermal stress responses in Tasar silkworms.
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Computational methods such as bioinformatics and
molecular modeling are used to analyze and predict the
behavior of key biomolecules involved in thermal
stress response. These methods aid in identifying and
characterizing HSPs like HSP21 and HSP70, which are
crucial for cellular protection under high temperatures.
In silico studies facilitate the exploration of protein
interactions, structural changes, and expression
patterns  during thermal stress.  Additionally,
bioinformatics tools help identify regulatory elements
within HSP gene sequences. Molecular dynamics
simulations and In silico mutagenesis provide deeper
insights into the structural dynamics and functional
significance of these proteins under varying
temperature conditions. These approaches offer a
comprehensive framework for interpreting complex
molecular responses, guiding experimental
investigations, and developing strategies for breeding
more thermotolerant silkworm strains.

This systematic review intended to investigate the
vital role of molecular interventions in overcoming
challenges in the Tasar silk industry, leading to the
development of silkworm lines and technologies for
various bio-active products.

Improving Silk Yield in Silkworms: Molecular
Insights and Breeding Strategies

To enhance silk yield in silkworms, understanding
the molecular mechanisms involved in silk production
is crucial, especially in strains with varying silk yields.
Molecular studies, particularly using RNA sequencing
(RNA-seq), can identify key genetic factors
influencing silk yield. The development of markers
associated with desirable traits, including silk yield,
through RNA-seq holds promise for marker-assisted
selection and breeding programs. Leveraging genetic
resources from foreign strains, along with databases
like SilkDB and KAIKObase, enhances our
understanding and facilitates targeted breeding efforts
(Table 1). Silkworm breeding plays a pivotal role in
developing breeds tailored to specific regions or
climates. While traditional breeding methods have
been the norm, there's a growing need for new
approaches like genetic engineering and
biotechnological advancements. Molecular breeding,
particularly Marker-Assisted Selection (MAS), proves
to be a powerful tool in establishing specific traits
within silkworm species. MAS accelerates the breeding
process, providing accurate and precise genetic
information, reducing the time needed for trait
improvement, and enhancing selection efficiency.
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Table 1: Genetic Databases for Silkworm Research
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Table 2: Threshold temperature of Mortality in

Thermal stress and Heat Shock Proteins

The threshold temperature of mortality varies
significantly among different lepidopteran species,
reflecting their diverse thermotolerance levels. These
variations highlight the importance of understanding
species-specific thermal limits, particularly in the
context of sericulture and the cultivation of heat-
resistant silkworm strains like those of Bombyx mori
(Table 2). Thermal tolerance is crucial for field-
rearing, and polyvoltine silkworm strains generally
exhibit better survivability than bivoltine strains.
Studies on  various strains reveal diverse
thermotolerance levels, suggesting adaptation to
specific environmental conditions. Bivoltine strains
exhibit variable heat shock responses during different
developmental stages, with younger silkworms being
more sensitive to heat shocks. Thermotolerance
increases as larval development progresses, indicating
age-dependent resilience. Mortality thresholds vary
among strains and species, emphasizing the need for
strain-specific  understanding. Investigating high
thermo-resistance in vivo was proposed based on the
observed cellular behavior. differential expression of
HSPs, particularly 90 kDa and 84 kDa in early instars,
and 84 kDa, 62 kDa, 60 kDa, 47 kDa, and 33 kDa in
the fifth instar larvae, was reported at various heat
shock temperatures (Vasudha er al, 2006). In
multivoltine strains (pure mysore, C. nichi), diverse
sets of HSPs were expressed at different temperatures,
with 90 kDa and 84 kDa being common (Joy and
Gopinathan 1995; Evgen’ev et al., 1987). The
expression of HSPs varied across breeds,
developmental stages, and temperatures, emphasizing
the importance of concentration and distribution for
thermotolerance acquisition (Joy and Gopinathan 1995;
Kampinga 1993).

Database Description different lepidopteran
SilkDB Provides  essential  genomic  and . . Mortality
transcriptomic information for Bombyx Species/Strain Threshold (°C)
mort. . . Drosophila melanogaster 40
KAIKObase | A comprehenswe database for silkworm Bombyx mori (various strains) 45-46
genomics, offering valuable resources for
researchers. Manduca sexta 48
SilkTransDB | Focuses on transcriptomic data, aiding in Musca domestica 46
the exploration of gene expression Lucilia cuprina 48
dynamics. Locusta migratoria 50
SilkSatDb A database specifically dedicated to
microsatellite  markers in  silkworm Notably, existing rearing practices, such as
genomes. : exposing young silkworm larvae to high temperatures,
BmTEdb Offers information on transposable | yay contribute to stress-induced losses during summer,
elements in the silkworm genome.

highlighting the importance of temperature
management in optimizing cocoon production.

This in-depth exploration ventures into the
intricate molecular responses of Tasar silkworms
(Antheraea mylitta) when confronted with thermal
stress, illuminating the pivotal role played by heat
shock proteins (HSPs), specifically hsp21 and hsp70.
As molecular chaperones, HSPs assume the crucial
responsibility of safeguarding cellular proteins from
denaturation, particularly under stress conditions such
as exposure to elevated temperatures. The remarkable
upregulation of hsp21 and hsp70 in response to thermal
stress underscores their indispensable contribution to
fortifying cellular defenses, positioning them as key
players in the Tasar silkworm's adaptation to
challenging environmental conditions. Building on the
conserved function of HSPs observed across diverse
organisms, the investigation extends its purview to
explore genetic factors influencing thermal tolerance in
Tasar silkworms. The seminal work by Kumar ef al. in
2011 unravels the intricate molecular mechanisms
governing the survival of silkworm strains, with a
specific emphasis on the role of hsp21 in imparting
thermotolerance. This genetic insight sheds light on the
nuanced interplay between specific genes and the
organism's ability to withstand thermal stress, offering
a foundation for targeted breeding strategies aimed at
enhancing thermotolerance in silkworm populations.

Employing a proteome approach, Vasudha er al.
in 2006 contribute valuable insights into the
multifaceted nature of the thermal stress response in
Tasar silkworms. By unraveling distinct patterns of
HSP expression across different silkworm strains and
developmental stages, the study accentuates the
complexity of the organism's response to thermal
challenges. This comprehensive understanding aids in
deciphering the intricate dynamics of thermal stress
adaptation, emphasizing that the Tasar silkworm's
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resilience is contingent on various factors, including
strain and developmental stage. Genomic studies
further enrich the narrative, characterizing specific
HSPs such as the 90 kDa HSP and small heat shock
proteins (sHSPs) in Bombyx mori, the domestic
silkworm species closely related to the Tasar silkworm.
This comparative genomics approach highlights the
conserved nature of HSPs, emphasizing their
fundamental role across silkworm species. Such
genomic insights provide a broader context for
understanding the molecular underpinnings of thermal
stress responses, transcending species boundaries and
contributing to our collective knowledge of HSP
functionality.

Recent breakthroughs by Prabhu et al. in 2023
introduce a promising tool for advancing
thermotolerance research — the DNA-based molecular
marker, SCAR marker TT-PB1. This innovative
marker, characterized by its specificity and
reproducibility, offers a transformative avenue for
analyzing the inheritance patterns of thermotolerance.
The development of such molecular tools not only
enhances our ability to select thermotolerant Tasar
silkworm lines but also marks a crucial stride in
bridging the gap between genetic understanding and
practical applications in sericulture. Unraveling the
differential expression patterns of HSPs in Tasar
silkworms amid thermal stress not only elucidates their
molecular resilience but also opens the gateway to
broader applications. Beyond the realms of basic
research, these findings hold implications for
sericulture, biotechnology, and the sustainable
utilization of Tasar silkworms. As we navigate through
the intricate landscape of molecular intricacies, these
collective insights promise to shape a comprehensive
understanding of thermal stress tolerance in Tasar
silkworms, influencing various scientific domains and
practical applications in silk production.

Advancements in biotechnology, particularly
genetic  engineering, have revolutionized gene
manipulation, allowing for precise alterations in

organisms. Tasar silkworms (Antheraea mylitta)
benefit from transgenic technology, which involves
introducing foreign genes to confer specific traits. This
approach addresses limitations in conventional
breeding methods by enhancing silk quality, tensile
strength, and the production of value-added proteins.
Genetic modifications, achieved through recombinant
DNA technology, enable the introduction of genes
encoding beneficial proteins, expanding the scope
beyond silk production. Transgenic technology has
also been explored to bolster disease resistance,
introducing genes associated with immune responses

or antimicrobial peptides. Notably, research in Bombyx
mori has demonstrated the transformative potential of
germline transformation, allowing for the insertion of
target genes into silkworm chromosomes. This
breakthrough has paved the way for the development
of transgenic silkworms acting as bioreactors for
producing recombinant proteins and superior silk.
Ongoing efforts extend to applications in drug
development, including cancer drugs and monoclonal
antibody drugs. While promising, the introduction of
transgenes necessitates careful consideration of
environmental risks and biodiversity impact. In
addressing challenges related to the pupal diapause
phenomenon in Tasar silkworms, a study identified
diapause-specific expressed sequence tags (ESTs)
associated with various genes, shedding light on the
molecular aspects of diapause induction, maintenance,
and termination. This molecular understanding
provides insights for the effective management and
utilization of Tasar silkworms in silk production,
particularly in addressing issues related to pupal
diapause and enhancing their economic significance.

The Daba bivoltine ecorace of the tropical tasar
silkworm Antheraea mylitta Drury exhibits facultative
pupal diapause, leading to erratic and unsynchronized
adult emergence during its extended pupal diapause
period. This phenomenon results in substantial losses
of seed stock, ranging from 10 to 30%. To address
these challenges and enhance understanding of
diapause induction, maintenance, and termination in
this economically significant insect, the study
identified diapause-specific expressed sequence tags
(ESTs) through PCR clones of various genes, including
Hsp70, Hsp23, hexamerins, and PCNA. Hexamerins'
ESTs were detected only in pupae aged 65 and 165
days, while Hsp70 sequences exhibited upregulation
during early, middle, and late stages of the diapause
period. Hsp23 presence was observed during the
preparatory phase of diapause (IV instar) and early to
mid-aged pupae (DO to D75), continuing through the
late diapause stage (D135 to D165). Hsp22 ESTs were
identified during the preparatory phase, throughout
diapause, and even after diapause termination. Hsps90
showed upregulation during the preparatory stage and
the middle to late diapause period. PCNA ESTs
exhibited downregulation throughout diapause, with
upregulation at diapause termination. Another set of
Hsp70 primers revealed intermittent upregulation
throughout  diapause, and Hsps90 exhibited
upregulation during the middle and late diapause
stages. Notably, ESTs disappeared in pupae older than
165 days, coinciding with diapause termination,
supported by the upregulation of PCNA ESTs. Pupae
aged 195 days and older can be strategically exploited
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for low-temperature treatment, delaying moth
emergence in adverse summer conditions to align with
the cropping schedule. This comprehensive molecular
understanding offers insights for effective management
and utilization of the Daba bivoltine ecorace in tasar
silk production.

Molecular Marker in Sericulture

In recent years, significant strides have been made
in silkworm research, particularly in understanding
genetic diversity through the utilization of molecular
markers (Table 3). Antherea Mylitta D., a lepidopteran
insect belonging to the Saturniidae family, is known
for producing tasar silk of commercial importance.
This species exhibits distinct ecological races
distributed across various geographical regions in
India, each showcasing variations in phenotypic traits
such as fecundity, voltinism, cocoon weight, silk ratio,
and host plant preference. The diminishing number of
ecoraces and challenges in their identification have
prompted the development of molecular markers for
deciphering genetic closeness and identifying wild
silkworm ecoraces (Saha and Kundu, 2006). Notable
markers  like  Genomic-SSR,  Sequence-Related
Amplified Polymorphism (SRAP), Internal
Transcribed Spacer (ITS), Start Codon Targeted
Polymorphism (SCoT), Cleaved Amplified
Polymorphic ~ Sequences (CAPS) and Direct
Amplification of Minisatellite DNA (DAMD) have
been employed (Krishnan RR ez al., 2013; Srivastava
et al., 2004; Wei-Guo et al., 2006; Rohela et al., 2020;
Varora et al., 2017; Bhattacharya & Ranade, 2001).

Ashok Kumar et al. (2011) conducted a study
using isozyme analysis to assess genetic diversity and
thermotolerance among silkworm races. The results
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highlighted the potential of isozyme analysis in
grouping diverse genotypes based on origin and
thermotolerance, offering insights into the adaptive
strategies of different genotypes within a population.
The study emphasized the utility of isozyme profiles in
providing reliable estimates of genetic diversity for the
strategic development of improved silkworm hybrids.
Additionally, genomic information has been harnessed
for SNP markers to identify genetic differentiation in
Bombyx mori, contributing to the exploration of
domestication events (Xia et al., 2009). The use of
SNP DNA markers has been extended to study cocoon
traits in mulberry silkworms, offering insights into
specific traits linked to SNP markers (Sreekumar et al.,
2011). Furthermore, studies utilizing RAPD profiles
have demonstrated the high sensitivity and efficiency
of this technique in detecting differences and
polymorphism among silkworm strains. The analysis
of genetic diversity and phylogenetic relationships
among silkworm species and races using RAPD
markers has revealed valuable insights into their
genetic makeup (Singh et al., 2011; Kartik Neog et al.,
2010; Velu et al., 2008). The pioneering work in
silkworm genome sequencing by Mita et al. (2003) and
subsequent comprehensive shotgun sequencing by
Mita et al. (2004) and Xia et al. (2004) has laid the
foundation for understanding the genomic landscape of
Bombyx mori. This genomic information has been
used to identify SNP markers, enhancing the study of
genetic diversity and structure in silkworm populations
(Yamamoto et al., 2008). The integration of traditional
breeding methods with genomic insights offers
promising avenues for further improvements in silk
characteristics and mulberry plant traits, contributing to
the sustainable development of sericulture.

Table 3: Molecular Markers Used in Tasar Silkworm Research

Molecular R -
Researchers and Year Markers Used Focus of Study Key Findings and Significance
Chatterjee et al. (2004) RAPD Marker Polymorphism betwe'en Raily Identlfle'd mgmflctant DNA
Ecorace Populations polymorphism in Raily ecoraces
Kar et al. (2005) ISSR Markers Genetic DlYer51ty in Semi- Notable variations within and between
Domesticated Daba Daba ecorace groups
Genetic Variation between . . .
Vijayan et al. (2005) | [SSR and RAPD Raily, Daba, and Modal Limited genetic variation among
Markers ecoraces, establishing stability
Ecoraces
Ghosh et al. (2005) Retrotransposons Tasar Sllkwc?rm Pao-Like Long Con.tnb.uted to molecular
Terminal Repeats characterization of retrotransposons
Saha and Kundu SCAR and RAPD Molecular Identification of Discriminated eight out of ten ecoraces
(2006) Markers Ecoraces using RAPD-selected bands
Mahendran et al. RFLP Technique Genetic Variation in Nine Linked genetic variations with
(2006) d Ecoraces phenotypic and geographical differences
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Cytochrome .
Mahendran et al. Oxidase and 16S Molecular Phylogeny Explored.sﬂkworm mqlecular .
(2006) RNA phylogeny using genomic information
Velu et al. (2008) ISSR Primers Gene.tlc Links in Mutant Identlfleq sqb.-clusters., emphamzed
Silkworm Stocks significant variation
Saha et al. (2008) RAPD Markers Genetic leferentlatlon in Provided insights into genetic variability
Commercial Ecoraces for breeding strategies
Genetic Differentiation in Explored domestication events and
Xia et al. (2009) SNP Markers Domesticated and Wild p .. ..
. . genetic differentiation
Silkworm Strains
. . . . Enhanced resolution in identifying
Chakraborty et al. Microsatellite Population Structure of Indian enetic variation and population
(2015) Markers Tasar Silkmoth Population & pop
structure
Renuka and Shamitha SSR and ISSR Phylogeneu? Apalysm and Contributed to understanding genetic
Genetic Variation in Tasar . -
(2016) Markers . structure and evolutionary links
Silkworm Ecoraces
Niranjan et al. (2018) RAPD-SCAR Selection of Daba BV High Developed SCAR markers for selecting
J ’ Markers Shell Weight Line high silk yield lines
RAPD-SCAR Selection of Thermo-tolerant Developed SCAR markers for selecting
Prabhu et al. (2023) Markers Line of Tasar Silkworms thermo-tolerant lines

Disease resistance in silkworms is a critical aspect of sericulture, ensuring the health and productivity of silkworm
populations. Various techniques and strategies have been employed to enhance disease resistance in silkworms,
addressing challenges posed by infectious agents (Table 4).

Table 4: Techniques for Disease Resistance in Silkworms

Technique

Application

References

RNAIi (RNA interference)
infections

Enhancing resistance against viral, bacterial, and parasitic

J. Xu et al. (2016);
Guan et al. (2018)

siRNA (short interfering RNA)

Targeting genes associated with susceptibility to pathogens

Guan et al. (2018)

Hairpin RNA sequences

Designing constructs for RNAI to suppress specific genes

Guan et al. (2018)

Microinjection and feeding
silkworms

Delivery methods for introducing RNAi molecules into

Guan et al. (2018)

gPCR (quantitative PCR)

genes in RNAI studies

Molecular techniques to confirm downregulation of specific

Guan et al. (2018)

Future approaches in tasar silkworm

In the study of thermal stress responses in Tasar
silkworms (Antheraea mylitta), In silico approaches
play a pivotal role in providing valuable insights into
the molecular mechanisms governing heat tolerance.
Computational methods, such as bioinformatics and
molecular modeling, are employed to analyze and
predict the behavior of key biomolecules involved in
thermal stress response. These approaches aid in the
identification and characterization of heat shock
proteins (HSPs), such as HSP21 and HSP70, crucial
for cellular protection during elevated temperatures. In
silico studies facilitate the exploration of protein-
protein interactions, structural changes, and expression
patterns under thermal stress conditions. Additionally,

bioinformatics tools contribute to the identification of
potential regulatory elements within the genomic
sequences of HSP genes. Molecular dynamics
simulations and In silico mutagenesis provide a deeper
understanding of the structural dynamics and
functional significance of these proteins under varying
temperature conditions. Overall, In silico approaches
enhance the efficiency of thermal stress studies in
Tasar silkworms by offering a computational
framework to interpret complex molecular responses,
guiding further experimental investigations and
contributing to the development of strategies for
breeding more thermotolerant silkworm strains (Table
5).
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Approach

Application

Benefits

Impact

Whole-Genome
Shotgun
Sequencing
(WGS)

Identifying genes associated
with silk production, exploring
genetic diversity, and
understanding evolutionary
relationships in Tasar
silkworms.

Facilitates functional
annotation, pathway
analysis, and molecular
marker development.

Improves sericulture practices,
guiding breeding strategies, and
contributes to overall silk production.

Next-Generation

Unraveling Tasar silk genome
intricacies, identifying silk
production-related genes, and

High-throughput, cost-
effective, and rapid

Accelerates advancements in
sericulture, guides research

and variations in the Tasar silk
genome.

Sequencing (NGS) . . . s initiatives, and enhances silk
understanding genetic sequencing capabilities. .
. production.
variations.
Examining gene expression . .
. Offers insights into . .
changes in response to . & Contributes to targeted breeding
. . functional elements, e .
RNA Sequencing environmental factors, . . programs, facilitates marker-assisted
. e ; biological pathways, and . . S
(RNA-seq) identifying novel transcripts selection, and improves silk yield

gene expression
dynamics.

traits.

CRISPR-Cas9

Investigating gene function in
Antheraea mylitta, targeting

Enables precise gene
editing, leading to

Revolutionize the silk industry by
enhancing production and modifying

regulatory elements.

Technology specific genes within the Tasar | potential modifications in . .
. . silk properties.
silkworm genome. silk-related genes.
Leveraging computational tools Provides efficient and .
. ging put . Enhances understanding of
In silico to analyze and interpret cost-effective means for . 2
. . . molecular mechanisms, aids in gene
Approaches genomic data, predict gene data analysis, gene discovery. and euides molecular
(Bioinformatics) functions, and identify prediction, and functional Y &

annotation.

breeding efforts.

In silico Molecular
Docking Studies

Predicting interactions between
molecules, aiding in the design
of potential silk-enhancing
compounds.

Screens virtual
compounds for their
binding affinity to silk-
related proteins.

Accelerates drug discovery for
improving silk characteristics,
potentially impacting silk quality and
properties.

These approaches are vital for overcoming
challenges and advancing the tasar silk industry by
developing innovative silkworm  strains  and
technologies for various bio-active products.

Conclusion

The advancements in molecular interventions
have significantly transformed sericulture, particularly
in the context of the tropical Tasar silkworm,
Antheraea mylitta. By delving into the molecular
mechanisms of silk production, thermal tolerance, and
disease resistance, researchers have paved the way for
substantial improvements in silk yield and overall
silkworm health.

The enhancement of silk yield hinges on a deep
understanding of the genetic factors influencing silk
production. RNA sequencing (RNA-seq) has been
instrumental in identifying these key genetic elements.
The development of markers associated with desirable
traits, such as silk yield, through RNA-seq is promising
for marker-assisted selection and targeted breeding
programs. Utilizing genetic resources from foreign
strains and comprehensive databases like SilkDB and

KAIKObase has significantly bolstered breeding
efforts. Marker-Assisted Selection (MAS) emerges as a
powerful tool, accelerating the breeding process by
providing precise genetic information, thereby
reducing the time required for trait improvement and
enhancing selection efficiency. The integration of
traditional breeding methods with modern genetic
engineering and biotechnological advancements further
enhances the potential for developing high-yielding
silkworm strains.

Thermal tolerance is a critical aspect of silkworm
rearing, with polyvoltine strains generally exhibiting
better survivability than bivoltine strains. Studies have
highlighted the diverse thermotolerance levels among
different strains, emphasizing the need for strain-
specific understanding. The differential expression of
heat shock proteins (HSPs) such as 90 kDa and 84 kDa
in early instars, and various HSPs in later stages, plays
a crucial role in thermotolerance. Research on Tasar
silkworms has underscored the significance of HSPs
like hsp21 and hsp70 in responding to thermal stress.
The upregulation of these genes highlights their
essential role in cellular defense mechanisms. Insights
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from proteomic studies further elucidate the complex
dynamics of HSP expression across different strains
and developmental stages, contributing to a
comprehensive understanding of thermal adaptation.

In silico approaches have become indispensable in
studying thermal stress responses and other molecular
mechanisms in Tasar silkworms. Computational
methods such as bioinformatics and molecular
modeling are employed to analyze and predict the
behavior of key biomolecules involved in thermal
stress response. These methods aid in identifying and
characterizing HSPs, exploring protein interactions,
structural changes, and expression patterns under stress
conditions. Bioinformatics tools also contribute to
identifying regulatory elements within HSP gene
sequences. Molecular dynamics simulations and In
silico mutagenesis provide deeper insights into the
structural dynamics and functional significance of
these proteins under varying temperature conditions.
These approaches offer a comprehensive framework
for interpreting complex molecular responses, guiding
experimental investigations, and developing strategies
for breeding more thermotolerant silkworm strains.

The integration of molecular interventions in
sericulture, particularly for Tasar silkworms, holds
immense potential for overcoming existing challenges
and advancing the industry. The development of
innovative silkworm strains and technologies for
various bio-active products not only enhances silk
production but also contributes to the sustainable
development of sericulture. As research continues to
unravel the intricate molecular mechanisms underlying
silk production, thermal tolerance, and disease
resistance, the future of Tasar silkworms in sericulture
looks promising, with far-reaching implications for
biotechnology and sustainable agriculture.

References

Arunkumar, K.P., Sahu, A.K., Mohanty, A.R., Awasthi, A.K,
Pradeep, A.R., Urs, S.R. and Nagaraju, J. (2012). Genetic
Diversity and Population Structure of Indian Golden Silk
moth (Anthereae assama). PLOS ONE, 7(8), 43716.

Arunkumar, K.P., Kifayathullah, L. and Nagaraju, J. (2009).
Microsatellite markers for the Indian golden silkmoth,
Antheraea assama (Saturniidae: Lepidoptera). Molecular
Ecology Resources, 9, 268-270.

Ashok Kumar, K., Somasundaram, P., Vijaya, B.R.A., Vara,
P.P., Kamble, C.K. and Smitha, S. (2011). Genetic
Diversity and Enzymes among selected silkworm races of
Bombyx mori (L.). International Journal of Science and
nature, 2(4), 773-7717.

Bhattacharya, E. and Ranade, S.A. (2001). Molecular
distinction amongst varieties of Mulberry using RAPD
and DAMD profles. BMC Plant Biol., 1: 1-8.

Chatterjee, S.N. and Pradeep, A.R. (2003). Molecular markers
(RAPD) associated with growth, yield and origin of the

Molecular interventions in sericulture : a focus on the tropical tasar silkworm

Silkworm, Bombyx mori L. India. Russ. J. Genetec.,
40152-159.

Deng, H., Khan, M.A., Liu, X., Fu, J. and Mei, Z. (2022).
Identification of SCAR markers for genetic authentication
of Dendrobium nobile Lindl. Braz. J. Biol., 82, 260394

Duan, J., Li, R., Cheng, D., Fan, W., Zha, X. et al. (2010).
SilkDB v2.0: a platform for silkworm (Bombyx mori)
genome biology. Nucleic Acids Res. 38:D453-56

Evgen'ev, M.B., Sheinker, V.S., Levin, A.V., Braude-
Zolotareva, T.Y., Titarenko, E.A., Shuppe, N.G., ... &
Ul'masov, K.A. (1987). Molecular mechanisms of
adaptation to hyperthermia in higher organisms. L.
Synthesis of heat-shock proteins in cell cultures of
different species of silkworms and in caterpillars.
Molecular biology (USA).

Feng, L.C., Guangwei, Y., Maode, Y., Yifu, K., Chenjun, J. and
Zhonghuai, Y. (1999). Studies on the Feder ME, Hofmann
GE. Heat shock proteins, molecular chaperons and the
stress response: evolutionary and ecological physiology.
Annual Review of Physiology., 61: 243-282.

Guan, R.B.,, Li, H.C., Fan, Y.J., Hu, S.R., Christiaens, O.,
Smagghe, G. et al. (2020). A nuclease specific to
lepidopteran insects suppresses RNAi. Journal of
Biological Chemistry, 295(14), 4735-4744.

Guan, R.B.,, Li, H.C., Fan, Y.J., Hu, S.R., Christiaens, O.,
Smagghe, G. and Miao, X.X. (2018). A nuclease specific
to lepidopteran insects suppresses RNAIi. Journal of
Biological Chemistry, 293(16), 6011-6021.

Haque, E., Taniguchi, H., Hassan, M.M., Bhowmik, P., Karim,
MR, Smiech, M., ... & Islam, T. (2018). Application of
CRISPR/Cas9 genome editing technology for the
improvement of crops cultivated in tropical climates:
recent progress, prospects, and challenges. Frontiers in
plant science, 9, 617.

Krishnan, R.R., Naik, V.G., Ramesh, S.R., Qadri, S.M.H.
(2013). Microsatellite marker analysis reveals the events
of the introduction and spread of cultivated mulberry in
the Indian subcontinent. Plant Genet Resour., 12: 129-39.

Kumar, C.S., Sekharappa, B.M. and Sarangi, S.K. (2000). Role
of temperature and leaf quality on the larval growth and
development during young age of silkworm, Bombyx
mori. J. Exp. Zool., 3, 9-16.

Kumar, D., Pandey, J.P., Ragini, A.K. Sinha and Prasad, B.C.
(2012). Temperature discerns fate of Antheraea mylitta
Drury eggs during embryonic development. J. Entomol.,
9, 220-230.

Li, M.W, Hou, C.X., Miao, X.X., Xu, A.Y. and Huang, Y.P.
(2007). Analysing genetic relationship in Bombyx mori
using Inter Simple Sequence Repeat Amplification.
Journal of Economic Entomology, 100(1), 202-208.

Mita, K., Morimyo, M., Okano, K., Koike, Y., Nohata, J.
Suzuki, G.M. and Shimada, T. (2003). The construction
of an EST database for Bombyx mori and its applications.
Proc. Natl. Acad. SOC. USA. 100, 14121-126.

Nagaraju, J., Kathirvel, M., Muthulakshmi, M., Subbiah, E.V.
and Kumar, L.D., FISSR-PCR: (2002). a simple and
sensitive assay for high throughput genotyping and
genetic mapping. Mol. Cell. Probes, 16, 67-72

Naik, V.G., Thumilan, B., Sarkar, A., Dandin, S.B., Pinto, M.V.
and Sivaprasad, V. (2014). Development of genetic
linkage map of mulberry using molecular markers and
identification of QTLs linked to yield and yield
contributing traits. Sericologia. 54, 221-9.



Vikas Kumar et al.

Niranjan, K., Prabhu, Manjappa, 1.G., Sinha, A.K. and Sahay,
A. (2018). Development of RAPD-SCAR markers for the
identification of Antheraea mylitta with high shell weight.
J. Entomol. Zool. Stud., 6, 828-833

Pandey, J.P., Jena K., Singh G.P., Gupta V.P., Baig, M.M. and
Sinha A.K. (2018). Why Biotechnological Exploration
and Endeavor are Requisite for Tasar Silk Industry?
Bioprospecting in Life Sciences CHAPTER-8:1-12

Prabhu, 1.G., Manjappa, M.M., Baig, N., Kumar, A.K. Sinha
and Kutala, S. (2023). Molecular cloning and
development of RAPD-SCAR markers for the selection of
thermo-tolerant line of tropical tasar silkworm. J. Environ.
Biol., 44, 464-471

Prasad, M.D. and Nagaraju, J. (2003). A comparative
phylogenetic analysis of full-length mariner elements
isolated from the Indian tasar silkmoth, Anthereae mylitta
(Lepidoptera: Saturniidae). Journal of Biosciences, 28(4),
443- 453.

Renuka, G. and Shamitha, G. (2016). Genetic variation in
ecoraces of tropical tasar silkworm, Antheraea mylitta
using SSR markers. J Genet. 95(4):777-785.

Saha, M. and Kundu, S.C. (2006). Molecular Identification of
tropical tasar silkworm (Antheraea mylitta) ecoraces with
RAPD and SCAR markers. Biochem. Genet. 44: 75-88.

Saha, M. et al. (2008). Development of Random Polymorphic
DNA markers for tropical tasar silkworm Antheraea
mylitta. J. Econ. Entomol. 101: 1176-1182

Sakano, D., Li, B., Xia, Q., Yamamto, K., Hiroshi, F. and Aso,
Y. (2006). Genes encoding small heat shock proteins of
the silkworm Bombyx mori. . Bioscience Biotechnology
and Biochemistry, 70, 2443-2450.

Sinha, A.K., Sinha, R.K., Goel, A.K., Sinha, B.R.R.P. and
Thangavelu, K. (1994). A review on the breeding and
genetic aspect of tropical tasar silkworm, Antheraea
mylitta D. Proc. Conf. Cytol. Genet. 4: 7-16.

Sreekumar, S., Ashwath, S.K., Salathia, M., Kumar, S.N and
Qadri, SSM.H. (2011). Detection of Single Nucleotide
Polymorphism (SNP) DNA markers linked to cocoon
traits in the mulberry silkworm, Bombyx mori
(Lepidoptera:  Bombycidae). European Journal of
Entomology, 108, 347-354.

119

Staub, J.E. and Serquen, F.C. (1996). Genetic markers, map
construction, and their application in plant breeding.
Hortic Sci., 31: 729-41.

Takasu, Y., Kobayashi, 1., Beumer, K., Uchino, K., Sezutsu, H.,
Sajwan, S. et al. (2010). Targeted mutagenesis in the
silkworm Bombyx mori using zinc finger nuclease mRNA
injection. Insect Biochemistry and Molecular Biology,
40(10), 759-765.

Takasu, Y., Kobayashi, 1., Beumer, K., Uchino, K., Sezutsu, H.,
Sajwan, S., & Zurovec, M. (2010). Targeted
mutagenesis in the silkworm Bombyx mori using zinc
finger nuclease mRNA injection. Insect biochemistry and
molecular biology, 40(10), 759-765.

Tamura, T., Thibert, C., Royer, C., Kanda, T., Abraham, E.,
Kamba, M., Komoto, N., Thomas, J.L., Mauchamp, B.,
Chavancy, G., Shirk, P., Fraser, M., Prudhomme, J.C. and
Couble, P. (2000). Germline transformation of the
silkworm Bombyx mori L. using a PiggyBac
transposonderived vector. Nat Biotechnol., 18:81-4.

Tomita, M., Munetsuna, H., Sato, T., Adachi, T., Hino, R.,
Hayashi, M., Shimizu, K., Nakamura, N., Tamura, T. and
Yoshizato, K. (2003). Transgenic silkworms produce
recombinant human type III procollagen in cocoons. Nat
Biotechnol. 21(1), 52-6.

Vasudha, B.C., Aparna, H.S. and Manjunatha, H.B. (2006).
Impact of heat shock on heat shock proteins expression,
biological and commercial traits of Bombyx mori. Insect
Science, 13, 243-250.

Xia, Q., Guo, Y., Zhang, Z., Li, D., Xuan, Z., Li, Z. et al.
(2009). Complete resequencing of 40 genomes reveals
domestication events and genes in silkworm (Bombyx).
Science, 326(5951), 433-436.

Yamamoto, K., Nohata, J., Kadono-Okuda, K., Narukawa, K.,
Sasanuma, M., Sasanuma, S., Minami, M., Shimomura,
M., Suetsugu, Y., Banno, Y., Osoegawa, K., Jong, P.J.,
Goldsmith, M.R. and Mita, K. (2008). A BAC-based
integrated linkage map of the silkworm Bombyx mori.
Genome Biology, 9, R21.

Zhang, P., Aso, Y., Yamamato, K., Banno, Y., Wang, Y.,
Tsuchida, K., Kawaguchi, Y. and Fujii, H. (2006).
Proteome analysis of silk gland proteins from the
silkworm, Bombyx mori. Proteomics. 6, 2586—2599.



