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"5 Silkworm (Bombyx mori) is a model organism for studying development and gene
&gwgw regulation, as well as an economically important insect in sericulture. Recent research
&% highlights the critical role of epigenetic mechanisms including DNA methylation, histone
S modifications, and non-coding RNAs in orchestrating silkworm growth, metamorphosis, and
"% environmental adaptation. Despite having a sparse methylation landscape, silkworms exhibit
98 dynamic epigenetic changes that regulate gene expression during embryogenesis, larval
280 development, pupation, and adult emergence. Epigenetic plasticity also mediates responses to
Q0 stress, pathogens, and environmental cues, with potential implications for transgenerational
@flﬁ inheritance of adaptive traits. Understanding these regulatory layers offers opportunities for
o improving silk yield, breeding stress-resilient strains, and applying sustainable practices in
oi3o%o sericulture. This article reviews the latest findings on epigenetic regulation in B. mori,
;; highlighting molecular mechanisms, developmental impacts, and prospective applications in
wcco silk production.
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.. Introduction

&% The silkworm Bombyx mori is more than an economic insect for silk production it’s a
=, powerful biological model for understanding how animals detect, respond to, and defend

20

against invading microbes at the molecular level. Though silkworms lack the adaptive
immunity found in vertebrates (such as antibodies), their innate immune system is a Qs
sophisticated network of molecular sensors, signaling pathways and effector molecules that ’
work in concert to recognize and eliminate pathogens. Over recent years, advances in
genomics and immunology have deepened our understanding of these molecular interactions,
offering insights not only for sericulture but also for broader questions of host-pathogen
co-evolution and innate immunity.

The Silkworm Immune System: First Line of Defense

Like all insects, B. mori depends on innate immunity, which reacts quickly to invading
pathogens without prior “memory.” This system can be broadly divided into:

a. Physical Barriers

Physical structures like the cuticle (outer body covering) and the peritrophic membrane lining
the gut act as first barriers that prevent microbial entry. These mechanical barriers are the first
critical defense against bacteria, fungi, viruses, and parasites.

b. Humoral Immune Responses

Once pathogens breach physical defenses, the silkworm activates its humoral immune
pathways — soluble reactions in the circulating hemolymph (insect “blood”) including
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production of antimicrobial peptides (AMPs), activation of phenoloxidase (PO) and
production of reactive oxygen species (ROS).

c. Cellular Immune Responses

Circulating immune cells known as hemocytes mediate phagocytosis (cellular engulfment of
microbes), encapsulation (surrounding larger invaders), and nodulation (formation of
multicellular aggregates) to restrict pathogen spread.

Pathogen Recognition: Pattern Recognition Receptors (PRRs)

The key to triggering immune responses is the ability to recognize pathogens. In silkworms,

this is achieved through pattern recognition receptors (PRRs) that detect conserved microbial

molecules called pathogen-associated molecular patterns (PAMPS).

Important PRRs include:

> Peptidoglycan Recognition Proteins (PGRPs): Detect bacterial cell wall peptidoglycan.

> B-Glucan Recognition Proteins (BGRPs): Bind fungal cell wall B-glucans.

> C-type Lectins (CTLs): Recognize sugar patterns on microbes. Once PRRs bind a PAMP,
they trigger downstream signaling cascades that mobilize defense responses.

Key Immune Signaling Pathways

The interaction between B. mori and pathogens is orchestrated through central molecular
signaling pathways. These pathways transmit signals from PRRs to the expression of immune
effector molecules.

a. Toll Pathway: Activated primarily by fungal and Gram-positive bacterial infections, the
Toll pathway leads to the production of specific AMPs and immune regulatory proteins.

b. Immune Deficiency (Imd) Pathway

This pathway is triggered mainly by Gram-negative bacteria and also leads to AMP
production.

c. Janus Kinase/Signal Transducer and Activator of Transcription (JAK/STAT) Pathway

This signaling route participates in antiviral responses and modulation of inflammatory
processes.

d. RNA Interference (RNAI) Pathway

Against viruses, B. mori relies heavily on RNAI: double-stranded viral RNA is processed into
small RNAs that guide degradation of viral genomes, blocking replication. These pathways
resemble innate immunity in other animals, indicating evolutionary conservation of immune
mechanisms.

Effector Molecules: The Weapons of Defense

Once pathogens are recognized and pathways are activated, the silkworm mounts a molecular
defense involving several effector molecules.

a. Antimicrobial Peptides (AMPs)

AMPs are small peptides with broad activity against bacteria, fungi, viruses and even
parasites. Silkworm AMPs include attacins, cecropins, gloverins, defensins, and moricins.
These peptides bind microbial membranes, creating pores that lead to cell death.

b. Phenoloxidase (PO) and Melanization

PO catalyzes melanin formation around pathogens, effectively encapsulating and neutralizing
them. This melanization response also produces ROS, toxic to microbes.

c. Reactive Oxygen Species (ROS)

ROS are generated in response to infection and help kill microbes directly

Virus—Host Interactions at the Molecular Level

Viruses pose unique challenges, and B. mori has evolved specific molecular strategies to
confront them:

a. RNA.I as the Frontline Defense

When viruses such as Bombyx mori nucleopolyhedrovirus (BmNPV) infect cells, they
produce double-stranded RNA (dsRNA). The silkworm recognizes dsRNA, which is diced
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into small interfering RNAs (siRNASs). These siRNAs guide the silencing complex to degrade
viral RNAs, effectively blocking viral replication.

b. Signaling Modulation by Pathogens

Some viruses can manipulate host signaling pathways like PI3K/Akt or ERK to enhance their
own replication and evade host defenses. Research into these interactions provides insights
into potential control strategies. This molecular tug-of-war between host defenses and viral
evasion strategies highlights the complexity of silkworm—virus interactions.

Host-Pathogen Interaction Beyond Immunity

Recent studies show that B. mori pathogen interactions also involve gene expression changes

affecting development, metabolism, and disease resistance. For example:

> During congenital microsporidia (e.g., Nosema bombycis) infection, thousands of
immune-related genes show differential expression in embryos and larvae. This includes
genes in Toll, Imd, JAK/STAT, PO, and AMP pathways, reflecting a strong host
response.

> High-throughput transcriptomics reveal distinct immune gene expression patterns
depending on host development stage and pathogen load, illustrating how immune
responses are modulated over the organism’s life cycle.

> Genetic comparisons of silkworm immunity genes have documented lineage-specific
adaptations to entomopathogenic fungi, suggesting evolutionary refinement of host
defenses.

> These findings show the system-wide molecular response of hosts to persistent or early
pathogen exposure.

Practical Implications for Sericulture

> Disease Control: Targeting key signaling pathways or enhancing AMP production might
reduce losses due to viral, bacterial and fungal infections.

> Selective Breeding: Genetic markers of strong immune responses could be used to breed
disease-resistant silkworm strains.

> Biotechnological Interventions: Manipulating silkworm immunity using transgenic
approaches (e.g., boosting RNAi components) could improve survival rates and silk yield.

> Comparative Immunology: Research also helps inform general principles of invertebrate
immunity, with potential cross-applications in pest control and veterinary science.

Conclusion

The molecular interaction between Bombyx mori and its pathogens represents a dynamic
interplay of detection, signaling, and effector responses. Despite lacking adaptive immunity,
silkworms have evolved complex, effective innate defenses that recognize microbial patterns,
transduce signals, and execute targeted immune responses. Recent advances in genomics and
immunology have identified key immune molecules and pathways activated during infections
and shed light on how pathogens manipulate host processes to their advantage.
Understanding these interactions not only aids sericulture but contributes to broader
knowledge about innate immunity, host-pathogen co-evolution, and possible applications in
biotechnology and pest management.
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