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Abstract 

Sericulture, the cultivation of silkworms for silk production, is an important agro-based industry that 

supports rural livelihoods and contributes significantly to the global textile sector. The domesticated 

silkworm Bombyx mori is widely used for commercial silk production due to its ability to produce high-

quality fibers with exceptional mechanical strength, elasticity and biocompatibility. Increasing demand 

for superior-quality silk has driven the need for advanced genetic improvement strategies to enhance 

silk yield and fiber properties. This review summarizes current genetic approaches used to improve silk 

production traits in B. mori. The biological and genetic basis of silk synthesis is discussed with 

emphasis on the role of silk glands and major silk proteins such as fibroin and sericin. Conventional 

breeding strategies, including selection and hybridization, which have historically contributed to the 

development of productive silkworm strains, are also examined. In addition, recent advances in 

molecular and genomic tools such as molecular markers, quantitative trait loci (QTL) mapping, marker-

assisted selection and genome-wide association studies are highlighted for their role in accelerating 

silkworm breeding programs. Emerging biotechnological approaches including transgenic technologies, 

RNA interference and CRISPR-Cas9 genome editing are also discussed as powerful tools for precise 

genetic manipulation. Integration of conventional breeding with modern genomic technologies offers 

significant potential for developing high-yielding, disease-resistant and climate-resilient silkworm 

strains to ensure sustainable silk production. 
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Introduction 

Silk fibers produced by Bombyx mori are primarily composed of two major proteins, fibroin 

and sericin, which together determine the structural and functional properties of silk. Fibroin 

forms the core filament, providing strength and elasticity, while sericin acts as a gummy 

coating that binds fibroin fibers during cocoon formation. The economic value of silk largely 

depends on quantitative traits such as cocoon weight, shell ratio, filament length, and denier, 

all of which are influenced by complex interactions between genetic makeup and 

environmental conditions. These traits are typically polygenic, making their inheritance 

patterns intricate and challenging to manipulate. Understanding the genetic architecture 

underlying these characteristics is therefore essential for improving silk yield and quality. 

Advances in silkworm genomics have revealed that genes regulating fibroin and sericin 

synthesis, along with those controlling silk gland development, play critical roles in 

determining overall silk productivity and performance (Sivaprasad et al., 2022; Rafiqui et al., 

2025) [35, 43]. 

Traditionally, silkworm improvement has relied on classical breeding approaches such as 

selection, hybridization, and mutation breeding. These methods have successfully produced 

numerous high-yielding strains and commercial hybrids with enhanced cocoon traits and silk 

productivity. Among them, hybrid breeding has been particularly effective due to its ability 

to exploit heterosis, resulting in offspring that outperform their parental lines in growth and 

yield characteristics. However, despite these achievements, conventional breeding strategies 

face several limitations. Long breeding cycles, the polygenic nature of economically 

important traits, and strong environmental influences on phenotype expression reduce the 

efficiency and predictability of selection. 
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Moreover, phenotypic selection alone often fails to 

accurately identify superior genotypes, especially when 

traits are influenced by multiple genes with small effects 

(Hasan et al., 2025; Chandrakanth et al., 2024) [19, 8]. 

Recent advances in molecular biology and biotechnology 

have significantly accelerated silkworm improvement 

programs. The availability of the B. mori genome has 

enabled the identification of genes associated with silk 

production, development, and disease resistance. Molecular 

markers such as simple sequence repeats (SSRs) and single 

nucleotide polymorphisms (SNPs) have facilitated the 

mapping of quantitative trait loci (QTLs), allowing marker-

assisted selection for desirable traits with greater precision 

and efficiency. Furthermore, genetic engineering and 

genome-editing technologies, particularly CRISPR-Cas9, 

have emerged as powerful tools for targeted gene 

modification. These approaches enable precise manipulation 

of genes involved in silk protein synthesis and silk gland 

function, leading to improved silk quality and yield. 

Transgenic systems, including piggyBac-based vectors, 

have also been used to introduce novel traits and enhance 

mechanical properties of silk fibers. Collectively, these 

innovations are paving the way for the development of next-

generation silkworm strains with superior productivity, 

resilience, and adaptability, thereby supporting sustainable 

sericulture (Fan et al., 2025; Pavithra et al., 2024) [12]. 

 

2. Biology and genetic basis of silk production in 

Bombyx mori 

The domesticated silkworm Bombyx mori is a 

holometabolous insect belonging to the order Lepidoptera 

and is widely used as a model organism in studies of 

genetics, physiology, and biotechnology. Its ability to 

synthesize and secrete large quantities of silk proteins 

during the larval stage makes it highly valuable for 

sericulture and molecular research (Sehnal & Sutherland, 

2008; Xia et al., 2014) [39, 55]. Silk production occurs in the 

silk gland, a specialized organ derived from modified labial 

glands that undergo extensive growth and differentiation 

during larval development (Fedic et al., 2002) [14]. 

Anatomically, the silk gland is divided into three regions: 

anterior silk gland (ASG), middle silk gland (MSG), and 

posterior silk gland (PSG), each performing distinct roles. 

The PSG synthesizes fibroin, the structural core protein of 

silk, while the MSG produces sericin, which coats fibroin 

filaments. The ASG functions as a duct where silk proteins 

are aligned and processed before extrusion through the 

spinneret during cocoon formation (Shi et al., 2019) [41]. 

Silk fibroin constitutes approximately 70-80% of the cocoon 

filament and is composed of a heavy chain (Fib-H), light 

chain (Fib-L), and glycoprotein P25, forming a stable 

complex essential for fiber assembly (Naik et al., 2023) [32]. 

The Fib-H gene encodes repetitive amino acid sequences 

responsible for β-sheet crystalline structures that impart 

mechanical strength to silk fibers (Grzelak, 1995) [18]. 

Sericin proteins, accounting for 20-30% of silk, are encoded 

by genes such as Ser1, Ser2, and Ser3, and function as 

adhesive and protective components (Takasu et al., 2007) 
[46]. The relationships between these genes and key silk 

production traits including fiber formation, gland 

development, cocoon weight, and disease resistance are 

summarized in Table 1, illustrating how multiple genes 

collectively regulate economically important characteristics. 

The silk gland’s exceptional protein synthesis capacity is 

supported by extensive cellular growth and endoreplication, 

leading to polyploid nuclei that enable high transcriptional 

activity (Nagaraju et al., 2014) [30]. During the fifth instar 

larval stage, the PSG exhibits intense metabolic activity, 

producing large quantities of fibroin that accumulate prior to 

spinning (Li et al., 2011) [22]. Regulation of silk protein gene 

expression involves complex interactions among 

transcription factors, hormonal signals, and developmental 

regulators. Homeobox genes and other regulatory elements 

control region-specific expression of fibroin and sericin 

genes, while transcriptomic studies reveal coordinated 

expression of genes involved in protein synthesis, secretion 

pathways, and metabolism (Shi et al., 2019) [41]. These 

findings demonstrate that silk production is governed by an 

intricate genetic network, providing a strong foundation for 

molecular breeding and genetic engineering aimed at 

improving silk yield and quality. 

Recent advances in genomics and transcriptomics have 

significantly improved understanding of the molecular 

mechanisms governing silk biosynthesis. High-capacity 

sequencing analyses the identified key regulatory pathways 

and gene networks involved in silk gland development and 

silk protein synthesis (Shi et al., 2019) [41]. Such knowledge 

provides a foundation for genetic improvement strategies 

aimed at enhancing silk yield, fiber strength and overall 

cocoon productivity in silkworm breeding programs. 

 
Table 1: Key Silk Production Traits and Associated Genes in Bombyx mori 

 

Trait Major Genes Function 

Silk Fiber formation FibH, FibL, P25 
Encode heavy chain fibroin, light chain fibroin and glycoprotein 

forming silk fiber core 

Sericin production Ser1, Ser2, Ser3 Encode sericin proteins that coat fibroin fibers 

Silk gland development SGF-1, BmSAGE Regulate transcription of silk protein genes 

Cocoon weight BmNPV-resistance genes, metabolic genes Influence larval growth and cocoon biomass 

Filament length Fibroin regulatory genes Control synthesis rate of silk proteins 

Silk gland size TOR signaling genes Regulate cell growth and silk gland enlargement 

Disease resistance BmSPP, antiviral genes Provide resistance against viral pathogens 

Pigmentation melanin pathway genes Influence cocoon color traits 

 

3. Conventional breeding approaches for improving silk 

yield and quality in B. mori 

Conventional breeding has played a key role in the genetic 

improvement of the domesticated silkworm (B.mori) for 

enhanced cocoon yield, silk quality and adaptability to 

diverse environmental conditions. Since the domestication 

of silkworms started several thousand years ago, systematic 

breeding programs have focused on selecting superior 

genotypes capable of producing higher quantities of high-

quality silk while maintaining disease resistance and 

environmental tolerance (Nagaraju et al., 2014; Ruiz & 

Almanza, 2018) [30, 37]. Traditional breeding approaches rely 
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on exploiting naturally occurring genetic variation present in 

silkworm germplasm resources, including indigenous 

strains, exotic lines, and wild relatives. 

Selection breeding represents one of the most fundamental 

strategies employed in silkworm improvement programs. 

This approach involves identifying and propagating 

individuals exhibiting desirable phenotypic traits such as 

cocoon weight, shell weight, filament length and silk ratio, 

which are key determinants of silk productivity. These 

quantitative traits are controlled by multiple genes and are 

also influenced by environmental factors. Repeated cycles 

of phenotypic selection have enabled breeders to develop 

silkworm strains with enhanced economic traits and 

improved performance under specific rearing conditions. 

Moreover, selection based on heritability estimates and 

genetic correlations among traits has proven effective in 

improving cocoon characteristics and overall silk yield in 

several sericulture breeding programs (Singh & 

Saratchandra, 2002; Ruiz & Almanza, 2018) [37, 42]. 

Hybridization is another widely adopted breeding strategy 

aimed at exploiting genetic divergence between parental 

lines to produce superior hybrids. The phenomenon of 

hybrid vigor (heterosis) has been extensively utilized in 

sericulture to enhance traits such as larval growth, cocoon 

weight, filament length and disease resistance (Gowda et al., 

2025) [17]. Crossbreeding between genetically diverse 

strains, particularly between bivoltine and multivoltine 

races, has led to the development of hybrid varieties that 

combine high silk productivity with greater adaptability to 

tropical environments (Nagaraju et al., 2014) [30]. These 

hybrid silkworms often exhibit improved survival rates, 

faster larval growth and enhanced silk gland development, 

ultimately contributing to increased raw silk yield. 

In commercial sericulture, bivoltine × multivoltine 

hybridization systems are commonly employed to balance 

productivity and environmental tolerance. Bivoltine strains 

are known for producing superior silk quality and longer 

filament length, whereas multivoltine strains possess greater 

tolerance to fluctuating climatic conditions and diseases 

(Trochez-Solarte & Ruiz-Erazo, 2019) [52]. Hybridization 

between these strains has enabled the development of high-

yielding hybrids suitable for tropical and subtropical regions 

where environmental stress may limit productivity 

(Gonzalez-Munoz & Lopez-Gutierrez, 2025) [16]. 

The success of hybrid breeding largely depends on the 

identification of parental lines with strong combining 

ability. General combining ability (GCA) and specific 

combining ability (SCA) was widely used to evaluate the 

genetic potential of silkworm strains in breeding programs 

(Sahan, 2020) [38]. Studies have shown that crosses 

involving genetically diverse parents frequently exhibit 

higher heterosis for economically important traits such as 

cocoon weight, shell ratio and raw silk yield (Bajwa et al., 

2023) [5]. Consequently, maintaining a broad and diverse 

germplasm base is essential for sustained breeding progress. 

Conventional breeding programs also depends more on the 

conservation and utilization of genetic diversity preserved in 

global silkworm germplasm collections. Thousands of 

silkworm strains maintained in gene banks, particularly in 

China, India and Japan, represent valuable genetic resources 

differing in voltinism, cocoon color, filament length and 

stress tolerance (Nagaraju et al., 2014; Trochez-Solarte & 

Ruiz-Erazo, 2019) [30, 52]. Evaluation and characterization of 

these resources provide important genetic material for 

breeding programs aimed at improving silk yield and 

quality. 

Despite the considerable progress achieved through 

conventional breeding approaches, the improvement of 

complex economic traits remains challenging due to long 

breeding cycles, polygenic inheritance and environmental 

influences on phenotype expression. The improvement of 

complex quantitative traits often requires multiple 

generations of selection and may be constrained by 

environmental influences and limited genetic variation 

(Buhroo et al., 2016) [7]. Therefore, integrating molecular 

and genomic tools with conventional breeding strategies has 

become increasingly important for accelerating genetic 

improvement in silkworms. 

 

4. Molecular and genomic approaches for silkworm 

genetic improvement 

Recent advances in molecular genetics and genomics have 

significantly enhanced the efficiency of silkworm breeding 

programs. Unlike traditional breeding methods that depends 

primarily on phenotypic selection, molecular approaches 

allow breeders to identify specific genes and genomic 

regions associated with economically important traits such 

as cocoon weight, filament length, silk ratio and disease 

resistance. The integration of genomic technologies with 

conventional breeding has accelerated the development of 

improved B. mori strains with higher silk yield and superior 

fiber quality (Nagaraju & Goldsmith, 2002; Xia et al., 2014) 
[30, 31, 55]. 

The availability of the complete genome sequence of B. 

mori marked a major milestone in sericulture research. The 

genome sequence revealed approximately 14,000-18,000 

genes and provided valuable insights into genes involved in 

silk protein synthesis, metabolism and silk gland 

development (Xia et al., 2014) [55]. Genome sequencing has 

enabled researchers to identify candidate genes associated 

with silk production and facilitated the development of 

molecular markers that can be used in breeding programs. 

These genomic resources have also improved our 

understanding of the molecular mechanisms underlying silk 

synthesis and larval development (Nagaraju & Goldsmith, 

2002) [31]. 

One of the most widely used molecular tools in silkworm 

genetics is the molecular marker system, which includes 

markers such as RAPD (Random Amplified Polymorphic 

DNA), AFLP (Amplified Fragment Length Polymorphism), 

SSR (Simple Sequence Repeat) and SNP (Single Nucleotide 

Polymorphism). These markers enable the detection of 

genetic variation among silkworm strains and are widely 

used for genetic mapping, germplasm characterization, and 

marker-assisted selection (Buhroo et al., 2016) [7]. Among 

these markers, SSRs are particularly valuable because of 

their high polymorphism, codominant inheritance and 

reproducibility, making them useful for evaluating genetic 

diversity and identifying superior breeding lines (Trochez-

Solarte & Ruiz-Erazo, 2019) [52]. 

 

4.1 Single nucleotide polymorphisms (SNPs): Represent 

the most abundant form of genetic variation in the silkworm 

genome and have become powerful tools for high-resolution 

genetic analysis. SNP markers allow precise mapping of 

genes associated with silk production traits and enable large-

scale genomic studies. For instance, SNP-based linkage 

maps containing thousands of markers have been developed 
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to identify quantitative trait loci (QTLs) controlling cocoon 

yield and silk quality traits (Fang et al., 2020) [13]. High-

density SNP arrays such as the Silk 40K platform have 

further enhanced genomic prediction and breeding 

efficiency by enabling genome-wide analysis of 

economically important traits (Li et al., 2025) [21]. 

 

4.2 Quantitative trait loci (QTL) mapping: Which aims to 

identify specific genomic regions controlling complex traits 

such as cocoon weight, shell weight, filament length and 

larval growth rate. These traits are typically polygenic and 

influenced by multiple loci. QTL mapping studies have 

identified numerous genomic regions associated with silk 

productivity traits in B. mori. For example, Fang et al. 

(2020) [13] constructed a high-density linkage map 

containing over 9,000 SNP markers and identified several 

QTLs associated with cocoon yield traits. Such findings 

provide valuable information for selecting favorable alleles 

and improving breeding efficiency. 

 

4.3 Marker-assisted selection (MAS): The identification of 

QTLs has facilitated the way for MAS in silkworm 

breeding. MAS involves selecting individuals carrying 

desirable genetic markers linked to target traits rather than 

relying solely on phenotypic performance. This approach 

increases the accuracy and speed of breeding programs by 

enabling early selection of superior genotypes. Several 

studies have demonstrated the successful use of SSR and 

SNP markers linked to cocoon yield, silk filament length 

and disease resistance traits in breeding programs (Mundkur 

& Muniraju, 2017; Ruiz & Almanza, 2018) [29, 37]. Marker-

assisted selection also helps maintain genetic purity of 

parental lines used for hybrid seed production. 

 

4.4 Genome-wide association studies (GWAS) and 

genomic selection: Recently evolved to identify complex 

genetic interactions affecting silk production traits. GWAS 

uses high-density molecular markers distributed across the 

genome to identify associations between genetic variants 

and phenotypic traits. This method enables the identification 

of candidate genes controlling silk yield and stress 

tolerance. Genomic selection further improves breeding 

efficiency by predicting the genetic value of individuals 

using genome-wide marker data (Duo et al., 2023) [11]. 

These approaches are particularly useful for improving 

polygenic traits where conventional selection methods are 

less effective. 

In addition to genomic mapping approaches, functional 

genomics techniques such as transcriptomics and proteomics 

have provided important insights into the molecular 

mechanisms controlling silk synthesis. Transcriptomic 

analyses have identified numerous genes involved in fibroin 

and sericin protein production, which are the primary 

components of silk fibers (Xia et al., 2014) [55]. Proteomic 

studies have also revealed the complex network of proteins 

involved in silk gland development and silk fiber formation. 

These findings contribute to the identification of key 

regulatory genes that can be targeted in breeding or genetic 

engineering strategies aimed at improving silk quality. 

 

5. Genetic engineering and genome editing approaches in 

silkworm improvement 

Genetic engineering has emerged as a powerful approach for 

improving silk yield, fiber quality, and disease resistance in 

the silkworm B. mori. Unlike conventional breeding and 

marker-assisted approaches, genetic engineering allows the 

precise modification of specific genes involved in silk 

production, metabolism and immunity. The development of 

transgenic technologies and genome editing systems such as 

CRISPR/Cas9 has revolutionized functional genomics 

studies and opened new possibilities for producing high-

performance silk and recombinant proteins (Xu & 

O’Brochta, 2015; Ma et al., 2019) [25, 56]. 

One of the earliest genetic engineering approaches in 

silkworms involved the development of transgenic silkworm 

lines using transposon-based transformation systems. The 

piggyBac transposon system has been widely used for 

introducing foreign genes into the silkworm genome. 

Through this method, researchers have successfully 

integrated genes encoding fluorescent proteins, therapeutic 

molecules and modified silk proteins into the silkworm 

genome (Sezutsu & Tamura, 2022) [40]. Transgenic 

silkworms have been engineered to express recombinant 

proteins within the silk gland, allowing the production of 

functional biomaterials and pharmaceutical proteins. This 

technology has positioned B. mori as an attractive bioreactor 

for large-scale protein production (Aramwit et al., 2023) [2]. 

A key focus of transgenic research in silkworms is the 

modification of silk fibroin genes, which play a crucial role 

in determining silk fiber properties. Silk fibroin is primarily 

composed of heavy-chain fibroin (FibH), light-chain fibroin 

(FibL) and P25 glycoprotein. By introducing modified 

fibroin genes or replacing native sequences with alternative 

silk proteins, researchers have been able to alter the 

mechanical properties of silk fibers (Mori & Tsukada, 2000) 
[28]. 

A notable advancement in silk protein engineering is the 

production of spider silk-like fibers in transgenic silkworms. 

Spider silk possesses exceptional mechanical strength and 

elasticity, but large-scale production of spider silk is 

difficult due to the aggressive and cannibalistic behavior of 

spiders. To overcome this limitation, scientists have 

introduced spider silk protein genes into the silkworm 

genome. Using targeted gene replacement strategies, 

researchers successfully produced hybrid silk fibers 

containing spider silk proteins, significantly improving the 

mechanical strength of the silk produced (Xu et al., 2018) 
[57]. These findings demonstrate the potential of genetic 

engineering to create novel silk materials with enhanced 

properties. 

In addition to transgenic technologies, RNA interference 

(RNAi) has been widely used as a gene-silencing tool in 

silkworm functional genomics. RNAi enables researchers to 

suppress the expression of specific genes involved in silk 

gland development, metabolism and disease susceptibility. 

By knocking down target genes, scientists can investigate 

their roles in silk protein synthesis and larval physiology. 

RNAi has been applied to study genes regulating fibroin 

synthesis, silk gland growth and immune responses, 

providing valuable insights for silkworm improvement 

(Daimon et al., 2014) [10]. 

More recently, the development of CRISPR/Cas9 genome 

editing technology has transformed silkworm genetic 

research. CRISPR/Cas9 enables precise gene knockout, 

gene insertion and targeted sequence modification with high 

efficiency. Compared with earlier genome editing tools such 

as TALENs and zinc-finger nucleases, CRISPR/Cas9 is 

easier to design and more cost-effective. The first successful 
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demonstration of heritable genome editing in B. mori using 

CRISPR/Cas9 provided a powerful platform for functional 

genomics studies and genetic improvement (Wei et al., 

2014) [54]. 

CRISPR/Cas9 technology has been applied to manipulate 

genes involved in silk gland development and silk protein 

production. For instance, targeted editing of genes 

regulating fibroin synthesis can influence silk yield and fiber 

characteristics. Studies have shown that disruption or 

activation of specific genes in the silk gland can 

significantly alter silk protein expression and cocoon 

characteristics (Hu et al., 2021) [20]. Additionally, genome 

editing has enabled the identification of genes responsible 

for silk gland growth and protein secretion, which are 

critical factors affecting silk productivity. 

Another important application of CRISPR-based genome 

editing is the development of disease-resistant silkworm 

strains. Viral diseases such as B. mori nucleopolyhedrovirus 

(BmNPV) cause major economic losses in sericulture. By 

editing genes involved in host-virus interactions or 

introducing antiviral genes, researchers have developed 

transgenic silkworm strains with enhanced resistance to 

viral infections (Li et al., 2023) [23]. Such strategies 

contribute to improved survival rates and stable silk 

production in commercial sericulture. The workflow of 

CRISPR-Cas9-mediated genome editing in B. mori, 

including target gene identification, sgRNA design, embryo 

microinjection and DNA repair-mediated genetic 

modification, is illustrated in Figure 1. 

 

 
 

Fig 1: CRISPR-Cas9 genome editing mechanism for B. mori improvement. 

 

Despite the significant progress achieved in silkworm 

genetic engineering, several challenges remain. Efficient 

gene delivery, stable expression of transgenes and potential 

off-target effects of genome editing are important issues that 

require further investigation. Additionally, regulatory 

concerns and biosafety considerations must be addressed 

before genetically modified silkworm strains can be widely 

adopted in sericulture (Sun et al., 2026) [44]. 

Overall, genetic engineering and genome editing 

technologies have provided powerful tools for improving 

silkworm productivity and silk quality. The integration of 

transgenic technologies, RNA interference and CRISPR-

based genome editing with genomic selection and molecular 

breeding approaches offers enormous potential for the 

development of next-generation silkworm strains. Continued 

research in these areas is expected to enhance the efficiency, 

sustainability and economic value of sericulture. 

 

6. Future prospects and emerging directions in genetic 

improvement of silkworm 

Rapid advances in genomics, biotechnology, and molecular 

breeding tools have created new opportunities for the 

genetic improvement of Bombyx mori. While traditional 

breeding has produced high-yielding and disease-resistant 

hybrids, future sericulture demands more precise and 

climate-resilient strategies. Genome-assisted breeding 

integrates genomic data with conventional methods, 

enabling faster and more accurate strain development. The 

availability of the B. mori genome has facilitated the 

identification of genes associated with economically 

important traits such as cocoon weight, shell ratio, filament 

length, and disease resistance (Xia et al., 2004; International 

Silkworm Genome Consortium, 2008). In addition, genome-

wide association studies (GWAS) and quantitative trait 

locus (QTL) mapping have enabled the identification of 

genomic regions controlling silk productivity and 

physiological traits, thereby improving selection efficiency 

(Sivaprasad & Chandrakanth, 2022; Fang et al., 2020) [13, 43]. 

Genome-editing technologies, particularly CRISPR-Cas 

systems, have emerged as powerful tools for targeted 

modification of genes involved in silk production, 

immunity, and stress tolerance (Ma et al., 2019; Baci et al., 

2021) [4, 25]. Transgenic approaches using piggyBac vectors 

further enable the introduction of foreign genes, allowing 

the production of modified silk fibers and recombinant 

biomaterials with applications beyond textiles, including 

biomedicine and tissue engineering (Tamura et al., 2000; 

Tomita et al., 2003; Fan et al., 2025) [12, 48]. Future breeding 

strategies also emphasize the development of climate-

resilient silkworm strains, as silk production is highly 

sensitive to environmental factors such as temperature and 

humidity (Rahmathulla, 2012) [36]. Molecular markers, 

genomic selection, and emerging multi-omics approaches 

including transcriptomics, proteomics, and metabolomics 
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are providing deeper insights into regulatory networks 

governing silk synthesis and development (Alam et al., 

2022) [1]. Despite challenges such as regulatory constraints 

and limited resources, integrating conventional and modern 

genomic approaches is expected to significantly enhance the 

efficiency, sustainability, and productivity of silkworm 

improvement programs. 

 

Conclusion 

Genetic improvement of B. mori has progressed 

significantly through the integration of conventional 

breeding, molecular genetics and advanced genome-editing 

technologies. Traditional approaches such as selection and 

hybridization have successfully enhanced cocoon yield and 

silk quality, while modern genomic tools, including 

molecular markers, QTL mapping and genome-wide 

association studies, have improved the precision and 

efficiency of silkworm breeding. Recent developments in 

transgenic technology, RNA interference and CRISPR-Cas9 

genome editing provide powerful methods for targeted 

manipulation of genes associated with silk production, 

disease resistance and stress tolerance. Overall, the 

integration of conventional and modern biotechnological 

approaches is expected to accelerate the development of 

high-yielding, disease-resistant and climate-resilient 

silkworm strains, thereby supporting sustainable sericulture 

and meeting the growing global demand for high-quality 

silk. 
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