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ABSTRACT

Improvement programs depend on characterizing genetic resources, this process being the fundamental basis for
determining the diversity and genetic divergence of such resources and thereby enabling a rigorous, efficient selection
of the parentals that, through hybridization, will go on to enhance heterosis. The aim was to use the resulting hybrids to
improve population mean with respect to genetic parameters used for the qualitative and quantitative traits that affect
commercial natural silk production. Bombyx mori L. is a domesticated insect of global economic importance, mainly
due to the production of natural silk but also for its relevance in rural agro-industry in tropical and subtropical regions.
Non-textile uses currently being developed are also to the fore. These relate to such fields as science and academia,
biomedicine, biotechnology, the pharmacological industry and cosmetics. With this in mind, the aim of the current article
was to provide a general context for sericulture and in so doing give an overview of the silk production scenario nationally
and go on to describe the importance of genetic diversity to silkworm breeding programs and to demonstrate how genetic
drift, inbreeding, and artificial selection contribute to loss of genetic diversity in B. mori.
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INTRODUCTION

The silkworm (Bombyx mori L.) is an insect of great economic importance, bred in seasonal and tropical areas (Tazima,
1978). It has been so intensively domesticated that no B. mori populations remain in the wild (Yukuhiro et al., 2002),
resulting in a lack of adaptation to adverse climatic conditions - especially the high temperatures prevalent in tropical
countries (Kumari et al., 2011). It is the main source of silk (“the queen of natural fibers™), contributing around 90% of
world production (ISC, 2014). Bombyx mori embraces a large number of geographic breeds, strains and hybrid lines
(Furdui et al., 2014) classified (by origin, biological characteristics, and origin of germplasm banks) and preserved with
the aim of gradually improving economic interest, to increase the benefits of sericulture and thereby boost silk production
efficiency (Tavakolian, 2000).

Furdui et al. (2014) state that the diversity and structure of B. mori genetic resources can provide information to improve
conservation, estimate inbreeding, and determine the consequences of overuse of lineages. In addition, they allow the
optimization of breeding strategies that facilitate the selection of individuals with high genetic potential, emphasizing that
nutritional, climatic (temperature, relative humidity, luminosity) and controlled sanitary conditions should be provided in
breeding huts (Salehi et al., 2010; Talebi and Bakkappa, 2013; Neshagaran et al., 2016).

Evaluation of genetic diversity also permits an integral analysis of information on the genetic resources available
for the development and structuring of research based on genetic improvement. Such resources can respond to the
particular needs of tropical regions, where sericulture is a viable rural agroindustrial alternative, by guaranteeing
the sustainable development of the chain. In this context, maintenance of diversity is a fundamental component in
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the long-term management strategies for the genetic improvement of B. mori (Buhroo et al., 2016a). The present review,
therefore, highlights the importance of genetic diversity, conservation, maintenance and use of genetic resources of B.
mori to obtain genetically superior hybrids.

Sericulture generalities

Bombyx mori is a domesticated insect that has been intensively used by Chinese farmers for silk production for
approximately 5000 years (Xiang et al., 2005). According to Liu et al. (2010), its practice gradually spread to Korea,
Japan, India, Brazil, and the rest of the world. In 139 BC, the world trade route was opened, from East China to the
Mediterranean Sea, giving rise to the Silk Route. By 30 BC, the secret of silk production had already reached India and
Japan, extending later to Europe and in colonial times reaching Latin America (Vietes et al., 2010).

The commercial production of silk led to construction of a production chain of global economic importance, involving
sericulture activities that include agronomic management of the mulberry tree (Morus alba L.), obtaining silk thread,
egg production, worm breeding, and the cocoon process. In this context, use of the thread predominates, whether artisan
or industrial (textiles). Nonetheless, non-textile uses have great economic and scientific relevance, for example production
of recombinant proteins (Tamura et al., 2000; Tomita et al., 2003), biomaterials for regenerative medicine, dental floss and
medical suture material (Elices et al., 2011), and pharmacological products using fibroin nanoparticles, among others (Aznar,
2013). Additionally, B. mori is used in basic research areas such as microbiology, physiology and genetics (Willis et al., 1995).

Sericulture is developed mainly in rural or suburban areas. It is historically considered as an activity that complements
agricultural and/or livestock production systems, benefitting small and medium producers who work as a family nucleus
around silk production. Even though the activity does not require a significant initial investment, it does require that
sericulturists provide controlled environmental and sanitary conditions during worm breeding and a feeding program
based on quality mulberry (Pescio et al., 2008). Regarding quality and quantity of silk, excellent results are obtained
in seasonal areas (Cifuentes and Sohn, 1998; FAO, 2003). In contrast, in tropical and subtropical areas, the low silk
productivity is compensated by climatic conditions that enable it to be produced all year round (Pescio et al., 2008).

In the genetic resources of the silkworm, agro-climatic conditions entirely influence expression of the economic interest
characteristics, whether genetic and biological (percentage of hatching and fecundity, duration of larval and fifth instar
period, and rate of pupation) or productive (cocoon weight, relationship between shell and cocoon, percentage of raw silk,
filament length (m) and yield of raw silk per box of worm eggs) (Thangavelu et al., 2000).

Sericulture in Colombia

The history of sericulture in Colombia goes back to 1868 and 1921 when the first attempts were made to introduce it
as an economic alternative for families, since skilled labor was not required (Garcia, 1970). Later, the Federation of
Coffee Growers promoted and disseminated the sericulture activity among farmers for more than 20 years (1968-1990)
(Garcia, 1970; Cifuentes and Sohn, 1998; Garcia et al., 2000). Sericulture flourished in the late 80s and early 90s of the
last century, when the Korean government contributed to its promotion by establishing associative enterprises in order to
obtain cocoons and industrially transform the silk thread to self-supply the Korean clothing industry and that of European
countries (Cifuentes and Sohn, 1998; CORSEDA, 2003). However, these actions failed to have the desired impact due to
the lack of adaptation of the imported larvae to tropical climes, and the withdrawal of support from the European Union
due to the failings of the Colombian government as partner organization. On top of everything, international silk prices
plummeted. It should be noted that in spite of the crisis, sericulturists sought alternatives such as associativity to reduce
labor costs and continue working in silk production (CORSEDA, 2003).

The Sericulture Technological Development Center (Centro de Desarrollo Tecnolégico de la Sericultura, CDTS),
created in 1994, managed to maintain the cultivars of mulberry and keep the silkworm germplasm bank going on the El
Pilamo experimental farm. The CDTS, in cooperation with the Colombian Agricultural Institute (Instituto Colombiano
Agropecuario, ICA), created several hybrids of silkworm (Konsota and Pilamo I and II), of which Pilamo II is the only
one currently marketed in Colombia. In 2004, the CDTS closed and in 2007, the Technological University of Pereira
took over the facilities of the Center, renaming them as El Pilamo Experimental Farm and assuming custody of the
maintenance and conservation of pure breeds, the production of eggs and the supply of mulberry cuttings (Cifuentes and
Sohn, 1998; UTP, 2010).
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The Ministry of Agriculture and Rural Development and the departmental governorates have a set of strategies created
to support and make visible the country’s productive chains (Information System for Management and Performance of
Chain Organizations [ISCO], Agronet platform, and Tdngara Departmental Information System). However, sericulture is
not registered at national level and therefore no documentation, indicators or statistical data are available to shed light on
the perspectives or current state of sericulture in the country.

In the department of Cauca in the mid-1980s, sericulture activities comprised such associations as Sedas La Aradita,
Colteseda, Hitesedas and Multisedas, and the Corporation for the Development of Sericulture in Cauca CORSEDA,
which grouped local producers from the municipalities of Popaydn, El Tambo, Timbio, Morales, and Piendam¢6
(CORSEDA, 2003). Currently, COLTESEDA and CORSEDA continue to function. In 2011, the Agroarte Association
was legally created in El Tambo, while independent producers are operating in Santander de Quilichao. The actors
described above represented sericulture in Cauca. In 2016, they signed an act of intention to form the Promotional
Committee of this activity in the department, and in 2017 approved the statutes of the Committee together with the
constitution of the departmental Board. They also filed with the Ministry of Agriculture and Rural Development the
documents necessary to continue, with a view to establishing agriculture at the national level, and thereby achieving
recognition as a productive chain.

Genetic resources

The Bombyx genus has two distinct species, B. mori, of world economic importance, and B. mandarina M., the wild
parental of B. mori. Other than Bombyx, the Bombycidae family is made up of 11 genera. Only Theophila and Ocinara,
however, are close to it. It is therefore relevant to collect and preserve related species for use in breeding programs, thus
expanding the genetic basis of B. mori through intergeneric crosses that provide the possibility of analyzing the transfer
of genes useful as resistance to disease and tolerance to adverse agro-climatic conditions (FAO, 2003). The silkworm
has germplasm banks associated with research centers located in China, India, Japan, Russia, Korea, and in Southeast
Asian and European countries (Jingade et al., 2011). Currently, the Experimental Station for Sericulture and Agriculture
in Vratsa, Bulgaria, and the Germplasm Resource Centers for sericulture in India stand out for their dedicated work in
breeding programs.

The germplasm banks contain geographic breeds, genetic strains, lines and breeds, collected in different regions of the
world, that have not gone through continuous processes of artificial selection, thus constituting reservoirs of biodiversity
and a source of genes for breeding programs in the global scenario (Jingade et al., 2011; Sugnana et al., 2013); there
are also more than 4000 strains available and maintained by constant mating (Jingade et al., 2011). These include
univoltines, bivoltines and polyvoltines that exhibit wide variations in qualitative and quantitative characters (biological
and productive). This allows the selection of distinct genotypes (Chandrakanth et al., 2014). A further 500 mutants are
reported for qualitative characteristics such as: color in larvae and in the integument of the adults, skin marks and body
shapes, colors and shapes of the cocoon, and physiological features such as diapause, moltinism, and characteristics
such as proteins in the hemolymph and in the silk thread (sericin and fibroin), among others (Nagaraju et al., 2001). The
information presented by the databases of germplasm banks is insufficient and codification of the accessions is defined by
each bank. This situation makes it difficult to compare information and exchange accessions, which restricts the selection
of potential parents and increases the possibility of duplicate materials. Another relevant aspect is that breeding programs
are scarce, and in countries such as Spain, Japan, and Korea the research developed focuses on areas such as biochemistry,
molecular biology, genomics, and genetic engineering, relegating the development of breeding programs to countries
such as Bulgaria, India, and Iran.

Jingade et al. (2011) point out that the silkworm strains have been maintained in ex sifu conditions, generating wide
interpopulational genetic diversity and intrapopulational homogeneity, resulting in the loss of valuable genes through
a process called inbred depression. The authors suggest that the process of conservation of genetic resources requires
not only their acquisition and physical possession - it is important to ensure that the genetic traits are conserved in their
original form and that the strains are protected from extinction.

Genetic diversity
The breeds of B. mori can be classified according to geographic origin, germplasm bank of origin, voltinism (number

of cycles in 1 yr), and moltinism (number of molts per larval cycle). Geographically four breeds are identified: Chinese,
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Japanese, European, and tropical (Liu et al., 2010); according to the germplasm bank, four large groups are identified:
Japanese, European, Spanish, and the hybrid group (Cifuentes and Sohn, 1998; Castejon, 2013); according to voltinism
they can be univoltines, bivoltines and polyvoltines; and by moltinism they can be classified into trimolter, tetramolter,
and pentamolter (Rodriguez et al., 2012).

The silkworm displays different types of voltinism: in seasonal areas, univoltines have one life cycle per year (with
diapause) and the filament obtained from the cocoon is of excellent quality. Bivoltines have two cycles per year. The larval
period is short. They are relatively resistant to high temperatures and humidities, and the filament is of good quality. Tropic
and subtropical breeds meanwhile are multi or polyvoltines and have life cycles that continue throughout the year (with
no diapause) (Cifuentes and Sohn, 1998). FAO (2003) notes that multivoltines are more resistant and tolerant to pathogen
burden compared to bivoltines, but the amount and quality of silk they produce is poor. Nevertheless, they are valuable
genetic reserves for improving the characteristics of seasonal worm breeds and for obtaining improved populations of B.
mori. The number and duration of life cycles in B. mori are variable and related to the diapause, a strategy of dormancy
that helps them to survive in adverse conditions and synchronizes the cycle of the individuals of a population with the
environmental conditions and the availability of adequate resources (Amat, 2014). In this regard, Corbet (1999) points out
that the number of larval stages varies from one species to another, with variation existing even within the same species.
The same author also indicates that latitude, ambient temperature and photoperiod are important factors that influence the
larval development of the insects.

Genetic diversity is a fundamental criterion of animal and plant breeding programs because inter- and intra-population
variability can be determined by recognizing the number of different forms of genotype expression and presented as
information repositories in the form of genes, alleles and chromosomes (Pérez, 2010); the greater the variability found,
the greater is the opportunity to find characteristics of interest, which in turn make up the genetic base, from which
purpose-made, specific selection processes can be carried out for the objectives of an improvement program (Nezhad et
al., 2010; Anuradha et al., 2012; Kumari and Tripathi, 2017).

Genetic divergence considers the degree of inter- and intra-populational genetic variation of geographically separated
species (Jingade et al., 2011), determining how broad or narrow the genetic information is. It may be minimal (meaning
that the difference is in a single characteristic morphologically expressed) or it can be of considerable magnitude to allow
the integration of different systems for a specific function (Kwiatkowska and Lépez, 2000).

Analysis and characterization of the divergence in a population allows the identification of contrasting progenitors or
genotypes. These can give rise to hybrid combinations, descendants with high hybrid vigor, or transgressive individuals
that can originate hybrids or commercial varieties (Lagos et al., 2003); it also allows estimation of rates of variation among
genotypes, making it an effective tool for calculating increases in genetic potential in breeding programs (Nagaraju and
Singh, 1997). Therefore, making a selection of genetically pure and divergent parental, knowing the genetic distances, and
the nature and magnitude of the genetic diversity that exists among the available breeds of B. mori are critical activities
because they determine the improvement of quantitative and qualitative traits linked to the production of cocoons (Sen
et al., 1996; Nagaraju and Goldsmith, 2002; Magbool et al., 2015; Kumari and Tripathi, 2017). Magbool et al. (2015)
studied genetic divergence by analyzing quantitative traits in B. mori bivoltines and the results showed that 99.4% of the
total divergence is represented by quantitative traits such as duration of fifth instar, total duration of larval cycle, weight
of mature silk gland, cocoon weight, cocoon yield/10000 larvae, and denier.

The relationship between genetic diversity and geographic origin was studied by Ahmad and Borah (1999). They
found a relative contribution of the different genotypes to the formation of different clusters, revealing that there is no
parallelism between the two criteria. Farooq et al. (2005), Zanatta et al. (2009) and Nezhad et al. (2010) showed in their
research that B. mori genotypes with different geographical origin were grouped in the same cluster, while genotypes of
similar origin were grouped in different clusters, suggesting differences both biological and in performance. Magbool et
al. (2015) and Falconer and Mackay (1996) indicate that these results can be explained by the fact that populations, over
time, have been differentiated by genetic drift and continuous artificial selection, being able to adapt morphologically and/
or physiologically to specific agroclimatic conditions which eventually led to divergence. Bindroo and Moorthy (2014)
suggest that variation is affected by other evolutionary forces such as effective size of the population, mutation, gene flow,
inbreeding depression and natural selection. In silkworm, it could be affected by domestication, genetic drift, inbreeding,
and the breeding systems used.
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Causes that affect genetic diversity of B. mori.

Domestication is a recent evolutionary event that may have generated alterations and diversification in the structure of
populations (Sakudoh et al., 2011). Goldsmith (2009) indicates that B. mori has been subjected to intense and constant
artificial selection, reducing its genetic base. According to Brown (1988), an enhancer selects elite parentals to obtain
superior progenies, but the continuous use of the best genotypes reduces the genetic base, since only the alleles that
come from these parents are available. Bindroo and Moorthy (2014) suggest that reduction also occurs when the
breeder introduces wild-type alleles to their target genotype, because the process of “eliminating” *
must be begun.

Genetic drift considers the change of allelic frequencies in a population across generations. An allele can replace
another, fixate and ensure that the replaced allele no longer expresses itself (Eguiluz, 1988). The smaller a population,
the greater will be the changes in allelic frequencies. These cause a greater loss of genetic variation (an increase in
homozygosity) in the population, reducing its biological efficacy and evolutionary potential (Frankham et al., 2002;
Hallibustron, 2004). In B. mori, domestication may also have generated drift of characters of interest related to the ability
to acquire thermotolerance. This vulnerability is more pronounced in bivoltine breeds, compared with multivoltines,
suggesting that lack of thermotolerance is a factor responsible for the poor results in bud production in univoltine and
bivoltine breeds under tropical conditions (Kumari et al., 2011).

Inbreeding is the crossing between related genotypes: the closer the kinship, the greater the percentage of consanguinity
in the resulting offspring (Ralls et al., 2013). Ocampo and Cardona (2013) state that inbreeding reduces intra-populational
genetic variability; it increases the probability of inheriting alleles associated with genetic defects, and decreases
heterozygosity. Increased homozygosity results in greater expression of deleterious recessive alleles (partial dominance
hypothesis) (Reed, 2008) and/or less opportunity to express the superiority of the heterozygote (overdominance
hypothesis) generating direct genetic consequences, including its effect on the intensity of inbreeding depression and the
fractioning of genetic diversity (Charlesworth et al., 1979; Hamrick and Godt, 1990; Charlesworth and Charlesworth,
1995). However, inbreeding also has advantages and has been used to “purify breeds”, “concentrate” genes of interest,
and increase the uniformity of offspring (Gjedrem, 2005).

Jingade et al. (2011) show that pure lines of B. mori are maintained in germplasm banks as a genetic basis with
inbreeding for one or more qualitative and/or quantitative traits. The same authors define a pure parental line as inbreeding
stock that is crossed with other lines to produce a hybrid and exploit the heterosis or hybrid vigor of the characters
that satisfy the needs of the breeders. Furthermore, they indicate that the pure inbred lines are developed by means of
crossing between two breeds that show excellent characters and the subsequent mating between siblings for seven or more
generations, making a selection from the progeny in each cycle and keeping them as separate families.

Sanchez (2013) shows that although there is no method for eliminating consanguinity in animal breeding programs and
in commercial farms, strategies should be sought to control the negative effects of inbreeding depression: for example,
establishing an identification system for each genotype and its offspring (including a code for each one), that allows a
pedigree as complete as possible to be obtained by genotype, as well as performing matings between different breeds, to
obtain maximum levels of heterosis.

undesirable” alleles

Genetic diversity and molecular markers

Molecular diversity studies evaluate the genetic structure and complex components specific to each species, to overcome
limitations presented using morphological and biochemical markers (Glaszmann et al., 2010). For Buhroo et al. (2018a),
a molecular marker is a gene or DNA sequence with a known location on a chromosome, or a protein sequence used to
identify individuals or species.

In this context, it is worth noting that current trends on applying DNA marker techniques in insect studies show that
mitochondrial DNA (mtDNA), microsatellites or simple sequence repeats (SSR), random amplified polymorphic DNA
(RAPD), inter simple sequence repeats (ISSR), expressed sequence tag (EST), amplified fragment length polymorphism
(AFLP), restriction fragment length polymorphism (RFLP), as well as microarray and single nucleotide polymorphism
(SNP) analyzes that are both increasingly popular in detecting complete genome polymorphisms quickly and economically,
have all contributed significantly to understanding the genetic basis and - in the mapping of genes of economic importance
— the medical basis as well as quantitative trait loci in insects (Tomas et al., 2008).
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In the lepidoptera order, the progress that exists on the biology and genetics of B. mori stands out: B mori is considered
as the most advanced among the species that make up this order, a situation likely strengthened with the publication of the
genome sequence of B. mori in 2008 by the International Silkworm Genome Consortium.

This has allowed, during the last decade, the identification and development of markers with such potential applications
as the identification and characterization of genetic stocks (facilitating the study of diversity and the estimation of the
degree of kinship that exists within the germplasm banks); molecular map construction; marker-assisted selection; the
identification of quantitative trait loci (QTL); the positional cloning of visible mutations; and the construction of BAC
libraries (Zhan et al., 2009; Sreekumar et al., 2011; Venkatesh and Chikkaswamy, 2017; Buhroo et al., 2018b).

Buhroo et al. (2016b) indicate that markers are necessary tools that can further accelerate silkworm improvement. For
this reason, the large, carefully maintained collections of B. mori are valuable resources that must be exploited to their
full potential. Likewise, Radjabi et al. (2012) and Wani et al. (2013) state that the identification of biodiversity, and in
turn, the detection and exploitation of DNA sequence polymorphisms have potential applications in programs of genetic
improvement of animals and plants. Ma and Xia (2015) meanwhile state that currently the development and application
of genome editing tools in B. mori would significantly improve the level and scope of research fundamental to ensuring
the sustainable development of sericulture.

Chandrakanth et al. (2014) suggest as the best option the selection of parents, for developing elite hybrids, based on
measurement of phenotypic traits and genetic variation (DNA profiles), since the traits express variation on interacting
with the environment and profiles would produce reliable estimates of diversity and genetic polymorphism.

Regarding the specific use of markers, Moorthy et al. (2013) indicate that RAPD can discriminate and differentiate
between B. mori breeds depending on the silk content and that using voltinism characteristics would allow the identification,
conservation and subsequent use in improving performance and maximizing productivity in breeding programs. Pereira et
al. (2013) meanwhile assert that analysis with RAPD has proved to be an efficient technique for detecting variability and
can further be used to identify materials susceptible to the BmNPV baculovirus. Elsewhere, Awasthi et al. (2008) state
that specific primers, such as RFLP and sequence-tagged sites (STS), and non-specific primers, such as RAPD and ISSR,
can be used effectively to decipher genetic relationship problems in both improved populations and B. mori mutants.

Miao et al. (2007) add that among the group of markers, microsatellites in particular represent an important tool as
they are highly polymorphic and useful when creating linkage maps. They are also popular in the area of population
genetics (Sharma et al., 2007), while Kim et al. (2010) indicate that they are potentially useful for discriminating B. mori
strains. Chandrakanth et al. (2014) likewise state that they have the ability to estimate the diversity between bivoltines
and polyvoltines strains. They also show a relevant use in marker-trait association, in the elaboration of genetic profiles,
and in the identification of similarity patterns. They are furthermore an invaluable method for addressing issues related
to breeder rights, genetic homozygosity, marker-assisted selection and definition of crossing strategies with divergent
parents. Moreover, Chandrakanth et al. (2015a) report the identification of specific SSRs linked to thermotolerance,
located on chromosome 8, although they emphasize that this characteristic is polygenic and there may thus be associated
markers in other chromosomes.

In conclusion, it must be emphasized that the evaluation of genetic diversity within a species and/or a population is
a prerequisite to developing a program of management, conservation and sustainable improvement of plants, animals
and insects. Molecular markers can be used as a working tool, having advantages over morphobiochemical markers,
being stable, environmentally independent, and appropriate for detecting intra- and interspecific genetic variation, thereby
optimizing the use of resources (Buhroo et al., 2018b).

Improvement in B. mori

Animal genetic improvement applies biological and mathematical principles in order to find optimal strategies for taking
advantage of existing genetic variation to maximize the genetic merit of the species (Notter, 2013). The two primary tools
of genetic improvement are selection of parentals with traits of interest and mating systems (Matz, 2011). The genetic
improvement of B. mori involves social and economic aspects that affect the results of the breeding process developed
for each country. According to Vaez et al. (2011), the main causes that increase success in B. mori are: 1) robust breeding
methods based on quantitative genetic theory; 2) continuous and regular increase of heterosis for economically important
characters; and 3) development of information processing systems.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 78(4) OCTOBER-DECEMBER 2018 574



Tzenov (2003) indicates out that the research on B. mori during the 20th century was directed to studies on
Genotype x Environment interaction using the potency of the hybrid vigor phenomenon as the main strategy to meet
the needs of raw silk production for the textile industry. The above implied studying the expression of heterosis in Fj,
the expression of positive transgressions in F,, combinatorial ability, genetic correlations and regressions, heritability
of the main qualitative and quantitative traits, use of improved inbred lines, use of parthenogenesis and androgenesis,
and improvement of seasonal hybrids and lines (summer-autumn). It would make it possible to obtain excellent yields
in egg production, larval breeding, production and quality of cocoons and raw silk, and the ability to adapt to different
environmental conditions (Lea, 1993; Tzenov, 2003; Vaez et al., 2011).

Genetic improvement in B. mori continues in the 21% century and is also focused on obtaining high yielding hybrids,
production of silk limited by sex (larvae) and selection of parental breeds with different cocoon color for the production of
hybrids (Tzenov, 2003). Countries such as India work on the productive potentialities of bi and polyvoltine parental breeds;
with the former, the aim is to improve the quality of the silk and participate in international markets. The objective of the
latter is to evaluate tolerance to fluctuating environmental conditions in tropical regions, especially at high temperature,
highlighting the need to develop genotypes of B. mori with genetic plasticity (thermotolerance and stability) to counter
the adverse climatic effects on silk production (Dayananda et al., 2013; Chandrakanth et al., 2015b; 2016).

The European Commission (Comisién Europea, 2014), meanwhile, indicates that there are applications of silk thread
on the way for biomedicine and biotechnology, such as the production of natural and recombinant proteins (fibroin) for
the scalable production of new skin and nerve tissues, dermatological and cosmetic products, anti-inflammatory agents,
and also as a vector in the creation of new vaccines and antibodies. It suggests that the market for sericulture activity is
broad. Work with genetic resources of B. mori is therefore very relevant.

CONCLUSIONS

Studying diversity and genetic divergence in animal breeding programs is vitally important because it makes it possible
to identify and determine the genetic variability within the target population and to efficiently select ideal parentals for
obtaining genotypes with high hybrid vigor. Selection, breeding, and proper maintenance of Bombyx mori materials in
germplasm banks allow the preservation of the characteristics of the breeds and, in addition, avoid the negative effects
of inbreeding depression. A universal coding system for B. mori genetic resources is required to avoid duplication and
provide an efficient tool for sharing information between institutions and research centers that work on breeding programs.
Passport data should be complete and if possible, information shared about research processes focused on the phenotypic
characterization of the materials, and to have reference points regarding the response that the genotypes might have under
particular agroclimatic conditions. Sericulture needs policies and programs that optimize the process of silk production
in terms of quantity and quality in order to strengthen competitiveness, innovation and the opportunity to participate in
national and international markets, becoming an alternative means for small and medium producers to increase their
economic incomes to benefit the family unit.
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