The Pharma Innovation Journal 2023; 12(9): 2001-2011

www. ThePharmaJournal.com

The Pharma Innovation

ISSN (E): 2277-7695

ISSN (P): 2349-8242

NAAS Rating: 5.23

TPI 2023; 12(9): 2001-2011
© 2023 TPI
www.thepharmajournal.com
Received: 11-07-2023
Accepted: 15-08-2023

Haragopal Dutta

ICAR-Indian Agricultural
Research Institute, New Delhi,
India

Ashutosh Sawarkar
Ramakrishna Mission
Vivekananda Educational &
Research Institute, Kolkata,
West Bengal, India

Suman Dutta

Ramakrishna Mission
Vivekananda Educational &
Research Institute, Kolkata,
West Bengal, India

Atul Pradhan
Sanjeev Agrawal Global

Educational University, Bhopal,
Madhya Pradesh, India

Sonika YumnaOm
Central Agricultural University,
Imphal, Manipur, India

Debashis Paul
ICAR-Central Institute for
Cotton Research, Sirsa,
Haryana, India

Bhabani Prasad Mondal
Brainware University, Kolkata,
West Bengal, India

Kaushik Kumar Panigrahi
Odisha University of Agriculture
and Technology, Bhubaneshwar,
Odisha, India

Corresponding Author:
Suman Dutta

Ramakrishna Mission
Vivekananda Educational &
Research Institute, Kolkata,
West Bengal, India

Genomic approaches to ensure a more sustainable and
productive future of mulberry for sericulture industry

Haragopal Dutta, Ashutosh Sawarkar, Suman Dutta, Atul Pradhan,
Sonika Yumnam, Debashis Paul, Bhabani Prasad Mondal and Kaushik
Kumar Panigrahi

DOI: https://doi.org/10.22271/tpi.2023.v12.i9v.22980

Abstract

Over the past few decades, the field of genomics has made significant strides in understanding the
molecular basis of plant growth and development, and mulberry (Morus spp.) is no exception. Mulberry
is a highly valued plant in sericulture due to its nutritional and medicinal properties. With the help of
genomics, researchers are uncovering new ways to improve mulberry productivity and quality. One of
the key advancements in mulberry genomics has been the identification and characterization of genes
involved in key metabolic pathways. By studying these pathways, researchers have gained insights into
the molecular mechanisms that regulate mulberry growth and development, and have identified potential
targets for genetic improvement. With the advent of high-throughput sequencing technologies, it is now
possible to rapidly sequence the entire genome of a plant and identify genetic markers that are associated
with desirable traits. By using these markers, breeders can select for specific traits with greater precision
and efficiency. Overall, the emergence of genomics in mulberry research holds great promise for
improving productivity and quality for such important plant. By continuing to uncover the molecular
mechanisms that regulate mulberry growth and using these insights to guide breeding efforts, researchers
can ensure a more sustainable and productive future for sericulture.
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Introduction

Silk, commonly referred to as the "Queen of fabrics," was solely used by royalty in ancient
China. People have been enthralled by its opulent and exquisite features throughout history
(Sarkar et al., 2018) 531, The Moraceae family's deciduous woody perennial tree known as the
mulberry is renowned for its quick development. Mulberry carries enormous economic
significance due to its application in sericulture in several emerging Asian nations (Dutta et
al., 2023a) 1. To ensure the sustained growth of the sericulture business in light of the
escalating global climate changes and the scarcity of both land and water, it is essential to
create mulberry types suited for various agro-climatic situations. Current biotechnology
developments in mulberry have the potential to lead to enhanced technologies for its
cultivation, improving sericulture's economy and the lives of individuals who practice it (Dutta
et al., 2023a) 7). Mulberry is said to have originated in the lower slopes of the Himalayan
range, bordering China and India (Dutta et al., 2023a) [*). Due to its dioecious nature and
unusually asynchronous flowering, particularly in tropical variants, the mulberry plant presents
a difficulty for breeding efforts (Vijayan et al., 2022a) 5. The Morus genus is separated into
two sections namely Dolichostylae and Macromorus on the basis of taxonomy of mulberries.
Also, based on the type of stigmatic hair, each part is separated into two groups namely
Papillosae and Pubescentae (Chang et al., 2014) Bl Around 68 species are currently well
known, of which there are 24 recognized species and one subspecies overall in this group.
Only a few of these species, Morus alba, Morus indica, Morus bombycis, Morus latifolia, and
Morus multicaulis are grown for their leaves to feed silkworms, while Morus nigra is raised
for its fruits. In terms of ploidy levels, mulberry shows a range across the species. The
majority of naturally occurring species are diploids (2n=2x=28), but there are also tetraploids
(2n=4x=56; Morus laevigata, Morus cathayana, and Morus boninensis), hexaploids
(2n=6x=84; Morus serrata and Morus tiliaefolia), octoploids (2n=8x=112; M. cathayana), and
even docosaploids (2n=22x=308; M. nigra) and haploids (M. notabilis) with 14 chromosomes
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that occur naturally (Dutta et al., 2023a) [*l. Given that
mulberry is a clonally propagated plant, clones are largely
used to protect mulberry genetic resources. The collection and
characterization of mulberry germplasm, adherence to
conservation protocols, and evaluation of genetic and
agronomic features are only a few of the efforts that go into
its preservation. The Central Sericultural Germplasm
Resources Center in India has actively contributed to the
preservation and reinforcement of mulberry germplasm with
1109 unique accessions, including 845 native and 264 foreign
accessions. Several mulberry germplasm accessions have
been preserved using standard cryopreservation techniques,
enabling the long-term use of these various resources. There
are no differences between the mother plant and in vivo
regenerated cryo samples as suggested by genetic stability
analyses utilizing DNA markers made with ISSR primers.
The need for the creation of specific preservation protocols is
highlighted by the poor rate of wild species survival (Tikader,
A., Dandin, 2008) 561, Mulberry breeding traditionally takes a
long time and is difficult because of the plant's heterozygous
nature. Thus, biotechnology techniques present a potentially
effective way to enhance mulberry (Vijayan, 2010) B8l In
addition to conventional breeding, modern biotechnological
tools including plant tissue culture, r-DNA technology, and
molecular markers are being employed to improve the
genetics of mulberries. Mulberry tissue culture techniques,
including micropropagation, plant regeneration from leaf
discs, and stress tolerance testing, have evolved dramatically
(Sarkar et al., 2018) B3, Recently, genetic engineering has
been used to improve ability to withstand salt and drought.
The main goal of these biotechnological methods is to
enhance the host plant as a whole in order to exploit and use it
in sericulture. These developments have also aided in the
isolation of somaclonal variants, screening of germplasm for
tolerance to abiotic stresses, production of synthetic seeds,
cryopreservation of genetic resources, creation of transgenic
plants, characterization of germplasm accessions, and the
discovery of markers linked to economically significant traits
(Dutta et al., 2023a) '], The yield of high-quality mulberry
leaves is crucial for the sustainability of sericulture because
the silkworm, Bombyx mori L., only consumes mulberry
leaves. Mulberry is an excellent choice for animal food
because it is also delicious, edible, and digestible (Dutta et al.,
2023a) 71, Mulberry fruits can also be used to make fresh
fruit, jam, marmalade, pulp, juice, paste, ice cream, and wine
for human consumption. Mulberry leaves are utilized as feed
for animal husbandry, making it an integral part of mixed
pastoral systems. Mulberry has unique therapeutic substances
with antimicrobial, anti-hyperlipidemic, anti-hyperglycemic,
anti-diabetic, chemo-preventive, neuroprotective, and anti-
oxidative potential in its leaves, fruit, stem, seed, and roots
(Dutta et al., 2023a) [*1. However, there have not been many
attempts to take advantage of recent developments in plant
genomics for mulberry genetic improvement (Khurana &
Checker, 2011) 281, Hence, the purpose of this paper is to give
a general review of the genomic technologies that can
improve the adaptability and productivity of mulberries.

Traditional breeding in mulberry

The main goals of mulberry breeding are to increase the
output of high-quality cocoons and to make mulberry leaves
more palatable to silkworms. These objectives are dependent
on a number of quantitative properties, such as leaf retention
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capacity, leaf size and weight, total biomass, pest and disease
resistance, and tolerance to abiotic stresses like drought,
salinity, and cold stress (Rafiqui et al., 2022) 31, The majority
of the leaf yield component features are regulated by both
additive and nonadditive gene activities in mulberry. Hence, a
promising method for increasing mulberry production
potential involves utilizing nonadditive genetic variation
through clonal propagation (Dutta et al., 2023a) ['l. By
creating several mulberry varieties with good agronomic
qualities, traditional plant breeding techniques significantly
contributed to the horizontal expansion of sericulture. Several
cultivars have been made available for use in commerce. The
ultimate objective is to develop a new mulberry variety that
possesses every desirable characteristic in a single genotype
and can be utilized to feed the silkworm (Bombyx mori) and
generate premium cocoons. Salinity-resistant mulberry
cultivars have been developed as a result of these efforts
(Sarkar et al., 2018) 581, Therefore, it is crucial to produce
mulberry varieties that are particular to different agro-climatic
zones in order to assist the wvertical development of
sericulture. There are currently no mulberry cultivars
available that are ideal for situations like alkaline, saline,
acidic soil, and flooding. Obstacles like intrinsic genetic
constraints, the heterozygous and perennial nature of the plant
system, the lack of knowledge about how different plant
features are inherited, and genetic markers have made
traditional breeding methods difficult. Abiotic stressors like
salt and drought also have a negative effect on mulberry
productivity and are complicated quantitative features that are
challenging to breed for and select phenotypically (Sarkar et
al., 2018) 81, Mulberry lacks genetic diversity, which makes
breeding initiatives to enhance the plant's genetic makeup
difficult. Mulberry germplasm has sufficient genetic diversity,
but current breeding efforts frequently use the cultivated
varieties of mulberry (M. alba and M. indica), which reduces
the variety of genes accessible for breeding. Integrating
wild/exotic species like M. laevigata and M. serrata into
current breeding programs can offer unique genes that
influence essential features like abiotic and biotic responses,
which can help to overcome this constraint. Yet, because it
can take up to 15-20 years for mulberries to generate a new
variety, it is crucial to comprehend how genetics regulate
critical agronomic properties in domesticated species.
Moreover, improvements in breeding methods and sericulture
practices could be made possible by developments in
genomics and molecular biology approaches, increasing
mulberry productivity in difficult environmental conditions
(Vijayan et al., 2009) [6%,

Unraveling the genetic diversity using molecular markers
For mulberry varieties to be used in the sericulture sector,
they must be genetically characterized. Traditional methods
for mulberry genetic diversity analysis have relied on
morphological and physiological variables, however, these
characteristics can be altered by environmental factors and
developmental phases (Khurana & Checker, 2011) [,
Because of their high polymorphism, repeatability, and
independence from tissue and environmental factors, DNA
markers have gained widespread acceptance (Das et al., 2022
& 2023) 15 281 The most popular marker method, ISSRs, is
frequently used in conjunction with RAPD and SSRs to
identify genetic diversity (Table 1). SNPs are widely
distributed across the genome of every living being, making
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them a potent tool in marker technology. The fact that no
SNPs have been discovered in mulberry, however,
emphasizes how critical it is to provide expressed sequence
tags (ESTs) in open databases for SNP mining and the
creation of additional DNA-based markers. Mulberry SNP
discovery may help with genetic research, association studies
of potential genes and phenotypic variation, QTL mapping,
evaluations of genetic diversity, and synteny-based
comparisons with model crop species. The discovery of QTLs
for traits connected to biotic and abiotic stressors can also
benefit from the use of molecular markers (Khurana &
Checker, 2011) 281,

Linkage mapping in mulberry

The discovery of molecular markers that are tightly connected
to crucial features through genetic linkage mapping can be a
useful method to hasten the creation of mulberry varietals
(Vijayan, 2010) 581, Building a genetic map from a population
that segregates for an interest trait is necessary to find QTLs.
Various studies sought to determine satellite imaging using
drones to track leaf harvesting on mulberry bushes grown for
silkworm food (Dutta et al., 2023a) [7l. Despite the
significance of genetic maps, there are not enough tools and
resources available for genetic, genomic, and breeding studies
on mulberries. For the majority of plants, segregating
populations like F,, backcrosses, doubled haploids,
recombinant inbred lines, and near-isogenic lines are used to
create linkage maps. Due to a lengthy generation period and a
large genetic load, populations with high genetic diversity are
frequently challenged to generate or grow in perennial crops
like mulberry that are subject to outbreeding. As a result,
linkage maps in tree crops are often produced using a
"pseudo-testcross technique™” from F; progenies, either full or
half-siblings. This approach posits that in the progeny,
dominant markers that are heterozygous in one parent but null
in the other will segregate in a 1:1 ratio. It is possible to create
linkage maps utilizing data from such crossings using a
variety of software programs. The drawback of this approach
is that linkage maps must be created for each elite breeding
line because they are individual-specific and cannot be
integrated or aligned (Vijayan, 2010) B8 Microsatellite
markers and other multiallelic codominant markers can be
integrated into maps; however, this is not always practical.
Notwithstanding these drawbacks, pseudo-testcross linkage
mapping has been established in various tree taxa, including
Eucalyptus, Populus, and others. A genetic linkage map of the
mulberry was created in 2006 by Venkateswarlu et al., 2006
57 utilizing 50 F; full-sib descendants, RAPD, ISSR, and
SSR markers, and a pseudo-test cross mapping technique
(Table 2). They created distinct male and female maps with
94 male-specific and 94 female-specific test cross markers
and 100 RAPD, 42 ISSR, and 9 SSR primers that amplified
517 markers. In comparison to the male map, which covered
an average distance of 18.78 cm and a maximum distance of
34.7 cm, the female map covered an average distance of 15.75
cm and a maximum map distance of 37.9 cm. Since the
markers were scattered at random across the linkage groups,
the information produced by this map has minimal utility. A
thorough linkage map incorporating data from various
mapping populations with enough markers is required to
detect QTLs and enable marker-assisted selection (Dutta et
al., 2023a) '), These maps should compare the locations of
QTLs and candidate genes of interest across germplasm,
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determine the relative positions of transferable markers,
increase the number of DNA markers that are readily
available, and generate saturated maps.

QTL discovery and marker-assisted breeding in mulberry
It is obvious that growth-related features are essential for the
production and adaptation of mulberry leaves. It is crucial to
understand these features using a genetic approach in order to
handle them effectively and efficiently (Rukmangada et al.,
2020) “8, Nonetheless, both forward and reverse genomic
techniques have shown promise in discovering genes involved
in the development of numerous characteristics and chemical
pathways in a number of tree species, including Eucalyptus,
Pinus, and Populus. (Grattapaglia et al., 2009) 24, To find the
underlying genetic variants for phenotypic features, forward
genomics analyses the current phenotypic traits (Figure 1). In
reverse genomics, particular genes are altered using
transgenic techniques such as insertional mutagenesis, gene
overexpression, RNA interference (RNAi), and miRNA
methods to investigate the association between the gene and
the phenotype. To find QTLs, a variety of techniques are
used, including the single marker approach, interval mapping,
and composite interval mapping. There are numerous
software programs that can be used to find QTLs. The
pseudo-testcross mapping approach only picks up QTLs that
are heterozygous in one or both parents and are unaffected by
dominance or the environment in which phenotyping takes
place when applied to QTLs in tree species like the mulberry.
Selective genotyping may hinder the accuracy of mapping
several linked QTLs. Results of QTL mapping are strongly
influenced by the number of independent measurements per
line and the number of lines used for analysis. Repeated
measurements from big line collections are essential since
most populations have numerous QTLs with minor effects
that can combine to produce a significant effect. The success
of QTL mapping in mulberry also depends on accurate
phenotyping, which requires accurately identifying attributes,
evaluating the environment, planning trials, documenting
data, and choosing the right analytical techniques. According
to Dutta et al. (2023a) '), since over 70% of the protein in
mulberry leaves is required to make silk proteins like fibroin
and sericin, the nutritional status of mulberry leaves has a
significant impact on the quality of cocoons made by adult
silkworms. Using both genetic and metabolic strategies, the
nutritional value of mulberry leaf can be improved. This
objective can be attained with the help of metabolic profiling,
which provides insights into plant metabolic networks. The
identification of the genetic factors influencing crop quality
has also been successful using pathway-based methods. With
the help of these techniques, numerous metabolic QTLS
(mQTLs) in crops like tomato, cucumber, and sesame have
been effectively discovered. Mass spectrometry and nuclear
magnetic resonance are the two methods for metabolic
profiling that are most frequently employe (Waseem et al.,
2022) 631, With the immense potential of mQTL mapping, it
might be used to improve mulberry leaf quality, boosting silk
production per unit area and enhancing sericulture
sustainability. Molecular markers that are strongly associated
with desirable qualities are necessary for marker assisted
selection (MAS) for transfer of favorable genes (Alam et al.,
2021) M. As opposed to conventional linkage mapping, which
uses limited recombination in biparental mapping
populations, association mapping makes use of historical and
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evolutionary recombination events. By comparing significant
allele frequency differences between individuals with the
desired phenotype and a group of unrelated control
individuals, LD mapping analyses genetic diversity in natural
populations to find molecular markers that are closely linked
to complex phenotypic traits. Depending on the type of study,
LD mapping can be divided into genome-wide association
mapping and candidate gene association mapping. While
genome-wide association mapping examines genetic variation
throughout the entire genome to find genes or specific regions
that have statistically significant relationships to a variety of
complex traits, candidate gene association mapping focuses
on polymorphisms in selected candidate genes with
phenotypic  variation for particular traits. Linkage
disequilibrium can be viewed using many software tools. In
many tree plants, association mapping has previously proven
effective in identifying gene-trait connections for crucial
growth features such as phenology, disease resistance,
drought tolerance, and wood qualities (Grattapaglia et al.,
2009) 1. As mulberry is a heterozygous and perennial tree
plant, genome wide association study or linkage
disequilibrium or association mapping using co-dominant
markers like SSRs, SNPs could be a viable option for
identification of QTLs and candidate genes associated with
climate resilient traits such as drought adaptation, nitrogen
use efficiency, foliage as well as other yield-components, and
disease resistance (Sarkar et al., 2018; Maity et al., 2023) 5%
%1, Although no attempts at association mapping in the
mulberry plant species have been done.

Mulberry transcriptomics

Genetic and genomic techniques are preferred in order to
speed up the discovery of crucial genomic regions and
simplify the laborious process of mulberry breeding (Dutta et
al., 2023a) [*1. A useful toolkit for investigating new genes
and using them in genetic engineering is the mulberry
genomics toolbox (Checker et al., 2012) [l Complete
sequencing of the mulberry genome is not currently justified
due to its huge size and dearth of relevant genetic and
physical maps (Priyadarshan, 2016) 4. Yet, large-scale EST
(Expressed Sequence Tags) sequencing enables the direct
identification of a variety of genes and offers a very
affordable method for functional genomics in mulberry.
Moreover, ESTs provide details on gene structure, alternative
splicing, expression patterns, and transcript abundance and
are essential for accurate genome annotation (Dutta et al.,
2020a) 91, Until to 2009, there was not much information on
mulberry functional genomics tools. Nevertheless, a large
number of EST experiments have been carried out recently,
producing a wealth of data for the study of functional
genomics. By examining and sequencing ESTs taken from
mature mulberry leaves, researchers are able to start the
process of mulberry transcriptomics (Li et al., 2022) [,
Based on their sequence homology with databases that were
accessible, these ESTs were divided into functional groups,
however, the majority of them did not show any appreciable
homology with known proteins. Finding novel genes that
have not yet been identified could be especially interesting
because they represent difficult genes that need more
research. The analysis of genes associated with various
categories, such as abiotic and biotic stresses (LEA, RD22,
dehydrins, and Hal3) and membrane transporters (vacuolar
Na*/H* antiporter and aquaporins) under various stress
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conditions, can be a starting point for developing various
strategies for the genetic enhancement of mulberry (Lal et al.,
2008) 34, The researchers examined ESTs from the root tissue
of Morus indica cv. K-2 and found genes encoding enzymes
involved in the generation of secondary metabolites. The
researchers were able to learn more about tissue-specific
transcriptional activity by contrasting the ESTs from leaf and
root tissue. A total of 2,599 unigenes from mulberry leaf and
root ESTs were assembled by the researchers, and they
determined that EST-SSRs are a practical method for marker-
assisted breeding operations. Suppression subtractive
hybridization (SSH), in addition to transcriptome analysis,
was utilized by the researchers to create cDNA libraries
depicting differentially expressed transcripts that are
particular to distinct tissues. SSH is an effective method for
locating genes that are differentially expressed and can offer
useful details for comprehending the functioning of various
tissues in the mulberry (Dutta et al., 2023a) [*]. Stress-
responsive genes that support mulberry drought tolerance
were found in the ESTs isolated from the library. Several of
the stress-responsive genes were discovered to be involved in
the drought stress response using cDNA micro array and
northern analysis of the stress-responsive genes. Many cDNA
clones encoding remorin genes have been found in numerous
plant species since the initial remorin gene was found in the
potato. Remorin genes are thought to be present in 16 and 19
copies, respectively, in the Arabidopsis and Oryza genomes.
It was required to examine their expression patterns in order
to establish their activities in order to understand the signaling
networks in which remorin genes participate (Checker &
Khurana, 2013; Dutta et al., 2020b) ). Several of these
proteins are hypothesized to be important in biotic and abiotic
stimuli and to be engaged in hormone-mediated reactions and
signal transduction. The thylakoid membrane contains
enzyme b-carotene hydroxylase, which is in charge of the
zeaxanthin biosynthesis pathway by converting b-carotene to
zeaxanthin (Dutta et al., 2020b). The expression of bchl
investigation in mulberries revealed that salicylic acid, ABA,
high temperatures, and UV radiation all induce its expression
(Saeed et al., 2014) 9, Yet, when exposed to UV and high
temperature stress, its expression greatly rises. Pan and Lou,
2008 [0 discovered the 1-aminocyclopropane-1-carboxylate
oxidase gene in mulberry and studied how it responded to
stress by ethylene production. Proteins called lectins, which
bind to carbohydrates, are frequently utilized in scientific
studies. The purification of mulberry lectins was initially
studied to reveal its antibacterial role against the mulberry
tree-damaging bacterium Pseudomonas syringae (Ratanapo et
al., 1998) [8 Jacalin-related lectins with decreased
carbohydrate-binding sites, which dictate their exclusive
specificity towards glucose or mannose, are found in the bark
of the black mulberry (M. nigra) tree. The binding
characteristics of these mannose-binding lectins with various
ligands were subsequently investigated, which contributed to
understanding how lectins  recognize cell surface
carbohydrates. These results highlight the potential of lectins
for biotechnological and clinical research.

Mulberry proteomics

Proteomics is the systematic examination of the proteome
found in a tissue, cell, or subcellular compartment of an
organism. This method makes it possible to directly examine
changes in protein expression patterns, which can offer
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crucial information on biological function and the underlying
gene products. However, because there are not yet enough
data to support functional genomics, the application of
proteomics in mulberry is still in its infancy. The lack of a
comprehensive sequencing library to match tryptic digest-
generated peptides to the proteins that made them is one of
the main obstacles to applying proteomics to mulberry.
Notwithstanding this disadvantage, a small number of
mulberry researchers have used proteomic techniques. For
example, Kumari et al., (2007) B% investigated the effects of
salinity on proteome alterations in two different mulberry
cultivars in an effort to identify genes involved in salinity
tolerance that could be targeted for genetic modification to
improve salt tolerance in mulberry. Three-month-old plants
were exposed to varying salt concentrations over the course of
seven days. Two-dimensional electrophoresis was used to
evaluate the soluble proteins that were produced. The
polypeptide patterns in both plant types were altered in both
qualitative and quantitative ways by the application of salt
stress. The proteins that were differentially regulated as a
result gave researchers a thorough grasp of the biochemical
and molecular processes involved in the development of salt
shock tolerance. Similar to this, fresh information has been
gained through a proteomic investigation of mulberry dwarf
responses brought on by phytoplasma in mulberry. A serious
infectious illness called mulberry dwarf is brought on by
phytoplasma (Ji et al., 2009) 4. The protein profiles of
infected and healthy leaves were compared using two-
dimensional electrophoresis in order to understand the
pathogen of mulberry under stress response. Quantitatively
altered spots were found using the mass spectrophotometry
technique, which revealed a variety of proteins involved in the
body reaction to infection. These proteomic studies are crucial
because they uncover novel protein elements involved in
growth and stress tolerance.

Mulberry metabolomics

Mulberry is rich in vitamins, minerals, and useful secondary
metabolites, which have huge commercial value (Sarkar et al.,
2018) 531 Mulberry latex contains high concentrations of
alkaloidal sugar-mimic glycosidase inhibitors (1,4-dideoxy-
1,4-imino-D-arabinitol, 1-deoxynojirimycin, and 1,4-dideoxy-
1,4-imino-D-ribitol), which are toxic to caterpillars but not to
the silkworm Bombyx mori, suggesting coevolution between
the mulberry tree defense mechanism and silkworms (Konno
et al., 2006) 2°. Furthermore, the results imply that latex
components could be useful sources for the search for novel
chemicals. Bae and Suh (2007) @ examined the anthocyanin
composition, concentration, and antioxidant potential of five
significant mulberry cultivars after recognizing the relevance
of anthocyanin pigments in mulberries. The amount of 1-
deoxynojirimycin ~ (DNJ),  resveratrol,  oxyresveratrol,
anthocyanin, and flavonoid was also investigated by Song et
al., (2009) B4 in 38 cultivars of mulberry fruits and 33
cultivars of mulberry leaves. They discovered that the content
of these chemicals varied significantly among various species
and cultivars. In addition, six new compounds (cathayanons
F-J and cathayanin A) and two known compounds
(cathayanins B and C) were isolated and identified as a result
of phytochemical studies on the stem bark of Morus
cathayana, some of which showed marginal efficacy against
human cancer cell lines. HPLC was used to separate and
isolate the bioactive secondary metabolites that UV-B
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irradiation also caused to be produced in vitro. Five
chromatographic peaks with significant modifications were
found in the HPLC-DAD fingerprint. The study also
advanced the theory that the number of active ingredients
present is influenced by the harvesting season. Using northern
blot analysis, the expression patterns of the mulberry genes
MiSMT (Morus indica, Sterol Methyl Transferase) and MiVR
(Morus indica, Vestitone Reductase) were investigated in ten
distinct genotypes under both control and salt stress
conditions (Khurana & Checker, 2011) %81, For both of these
genes, notable differences were found in various genotypes.
The analysis of these vital bioactive components of metabolic
processes and responses to environmental stresses showed
that they may play a role in promoting health benefits. This
finding has created a number of fresh research opportunities
in a range of pharmaceutical and natural product fields. In
order to examine gene activities and metabolic status,
metabolic profiling of mulberry on a genome-scale would
offer compelling findings.

Mulberry plastomics

Plant systematists and taxonomists can swiftly and precisely
identify species to provide access to a species-specific
database. It is the perfect tool for phylogenetic investigations
because of the conservation of gene order, content, and lack
of recombination. Using a combination of lengthy PCR and a
shotgun method, one of the ground-breaking areas of
mulberry research identified the full sequence of the mulberry
chloroplast genome (Chen et al., 2015) [%, This is the first
full genome from India as well as the first case study from the
subfamily Hamamelidae. The 158,484 base pair circular
double-stranded DNA of the mulberry chloroplast genome is
made up of two identical inverted repetitions of 25,678 base
pairs each, which are spaced apart by a large and a small
single-copy area of 87,386 and 19,742 base pairs,
respectively. Comparing genes from sequenced chloroplast
genomes revealed a total of 83 protein-coding genes,
including five genes duplicated in the inverted repeat regions,
eight ribosomal RNA genes, and 37 tRNA genes
(representing 20 amino acids and 30 gene species). The
mulberry plastome does not contain the genes infA, sprA, and
rpl21 but does have the pseudogenes ycfl15 and ycf68 (Ravi et
al., 2006) 1 With the presence of non-coding areas,
comparative study at the genome level reveals that Eucalyptus
and Cucumis are the closest relatives of Morus. This data
suggests that the selection pressure on genic and intergenic
regions varies during evolution. Since the cpDNA sequence
data has proven essential in the phylogenetic and molecular
taxonomy of plants, it is imperative to investigate the genetic
storehouse of this organelle. The chloroplast genome contains
the instructions for many parts of photosystems and metabolic
pathways, hence sequencing the plastome is crucial. Because
these cpDNA genes have very little possibility of
dissemination in this cross-pollinated crop, cpDNA sequences
show significant promise for transgenic expression to improve
mulberry (Chen et al., 2015) [,

The revolution in tissue culture and transgenic technology
in mulberry

Due to competition with other food and cash crops, mulberry
is imperative to utilize marginal, problematic soils and non-
traditional areas affected by various abiotic stresses such as
alkalinity, salinity, and moisture deficit for mulberry
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cultivation. Abiotic stress tolerance in plant systems is a
quantitative trait that involves interaction among several
genes through signal transduction pathways (Vijayan et al.
2022) B9 Successful tissue culture plant regeneration is
important for direct cultivar improvement and essential for
genetic engineering and transformation studies. Especially for
commercially significant cultivars, reliable and efficient
regeneration techniques for the mulberry crop have been
documented during the past 40 years. Axillary and apical buds
are frequently utilized explants for mulberry in vitro growth.
In addition, leaf, cotyledon, and hypocotyl explants have also
proven successful in regenerating mulberry (Dutta et al.,
2023a) 71 (Table 3). Although temperate and tropical
mulberry has shown somatic hybridization by protoplast
fusion, its practical application has not yet been
accomplished. Despite some early advancements in
androgenesis, producing haploid plants in mulberry is
likewise difficult and has a low success rate. Similarly,
although mulberry gynogenic plants have been recorded, no
effective commercialization attempts have been made with
them. A thorough assessment of earlier mulberry tissue
culture experiments has been conducted. Morus indica is a
difficult woody plant, but it can be effectively changed using
optimal methods using particle bombardment or
Agrobacterium tumefaciens. These procedures are adaptable
to different cultivars and work effectively on the K-2 cultivar.
Conventional plant breeding has not significantly improved
abiotic stress resistance, which has resulted in financial losses
in recent years. As a result, transgenic methods for
molecularly customizing crops have gained importance (Dutta
et al., 2023b) (€. For targeted gene-based transgenic
techniques that can introduce advantageous genes providing
stress tolerance in mulberry, genomic technologies can offer
useful information on the molecular basis of stress tolerance
(Vijayan et al., 2022) . A single gene expressing stress-
inducible transcription factors has been reported to control
numerous stresses at once. In order to develop a potent
transgenic strategy, it is necessary to test potential transgenic
plants in a variety of pertinent conditions in order to
understand how the inserted gene affects the entire plant.
Functional data from numerous studies indicate that the
expression of Hval has been highly effective in reducing
stress response (Sarkar et al., 2018) %1 (Table 4). The barley
Hval gene was overexpressed in transgenic mulberry plants
utilizing Agrobacterium-mediated transformation. Comparing
transgenic plants to non-transgenic plants, a thorough
examination revealed that the transgenic plants performed
better under simulated saline and drought conditions. The
transgenic plants had superior relative water content, higher
photosynthetic yield, better cell membrane stability, and
reduced photooxidative damage. Hence, in transgenic plants,
the Hval gene confers a wide range of tolerance to various
abiotic environments. To determine if these transgenic plants
were suitable for raising silkworms, preliminary
investigations were carried out. The transgenic mulberry
plants containing the barley Hval gene under the control of
the CaMV35S promoter were discovered to have growth
retardation under normal circumstances (Checker et al., 2011)
8, Instead of using the constitutive CaMV35S promoter to
overexpress Hval, the stress-inducible rd29A promoter was
used to limit detrimental impacts on plant growth. The
findings show that rd29A and Hval work well together to
promote plant tolerance to a variety of stresses while limiting
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adverse impacts on growth. In order to assess how transgenic
mulberry lines flourish in natural settings, field studies have
been started. Moreover, tobacco Osmotin regulated by both a
constitutive (CaMV 35S) and a stress-inducible promoter
(rd29A) was successfully used to genetically modify
mulberry. Several plant species respond to diverse biotic and
abiotic stresses by producing osmotin and osmotin-like
proteins, which belong to the plant PR-5 group of stress
proteins. Transgenic plants were physiologically analyzed
under simulated salinity and drought stress as well as fungal
challenges to determine the impact of the incorporated gene.
In comparison to transgenic plants with the constitutive
promoter, those with the stress-inducible promoter were better
able to withstand salt and drought stress. However,
CaMV35S: osmotin transgenic plants performed better in
terms of fungus resistance. Hence, osmotin gene
transformation of mulberry would give tolerance against salt,
drought, and fungal diseases. The last consumers of mulberry
leaves (silkworms) took to these transgenic plants favorably.
The bchl (b-carotene hydroxylase-1) gene was used to
genetically alter Morus indica cv K-2, and the resulting
transgenic mulberry plants showed better resistance to stress
from high temperatures, high light, and UV radiation. Under
stress, transgenic mulberry plants were shown to accumulate
more xanthophylls than non-transgenic plants, as shown by
ultra-performance liquid chromatography. By overexpressing
the b-carotene hydroxylase-1 gene, this represents the first
successful attempt to alter the carotenoid production route in
mulberry (Sarkar et al., 2018) %, Yet, transgenesis must be
done carefully because mulberry is a plant that is heavily
cross-pollinated. Because transgenes in chloroplast DNA have
a low possibility of spreading through cross-pollination,
chloroplast genetic engineering is thought to be a safer
approach to create transgenic plants (Sarkar et al., 2018) 53,

Other miscellaneous smart methods

For the investigation of complex properties in trees, the use of
reverse genomic methods including insertional mutagenesis,
gene overexpression, and RNAIi is becoming more
widespread. By creating insertional mutants with activated or
suppressed target genes, insertional mutagenesis is used to
discover phenotypes. In transgenic plants, overexpression of
dominant genes results in observable phenotypic changes, and
this approach has been proven successful in trees. By
delivering double-stranded RNA to cause sequence-specific
RNA degradation and so effectively silencing the targeted
gene, RNAI is another potent method used to verify gene
activity in plant development. A particularly promising
method for identifying the genes involved in various
metabolic pathways is RNAi. Applying these strategies to
mulberry requires an effective transformation system. In order
to research trait-gene correlations in mulberry utilizing
reverse genetics and gene overexpression, breeders now have
access to an effective genetic transformation technology
(Vijayan, 2010) B8 (Figure 2). Thus, mulberry could be
revolutionized as a potential perennial model tree system for
genetic research (Dutta et al., 2023a) [*7],

Drawbacks and future prospects

Although mulberry is a very important plant for the Indian
economy, it takes a lot of experimentation across many
conditions to create new mulberry kinds by observing
physical traits. Also, it takes mulberry bushes at least 3 to 4
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years to effectively establish themselves and manifest
significant agricultural characteristics. Data collection must
span at least three years in all seasons in order to be
considered reliable for statistical analysis. It takes a lot of
space, time, work, and money to test a lot of mulberry
progeny in the field (Vijayan, 2010) 8. In light of this,
phenotypic evaluation may be a more effective, affordable,
and non-destructive option than molecular marker-assisted
selection (MAS) procedures, particularly for complex features
that are expensive to analyze. Current analyses of its
genotypic variances have created new opportunities for more
effective use of its genetic resources. There has not been
much progress made in creating linkage maps for mulberry,
even though genetic markers have been utilized to explore its
distinctive genotypic variation. Thus, efforts are required to
establish a mulberry genomic toolbox that can expedite the
generation of better mulberry varieties and offer useful
fundamental data for functional genomics. An important
factor in reviving research efforts and sparking fresh
suggestions for mulberry improvement is biotechnology.
Standardized tissue culture research has been utilized to
produce stable transgenic plants with a variety of desirable
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features. Many unique candidate genes have also been made
available by the Morus genome resources, which have driven
efforts to better disease- and stress-resistant plants through
genetic engineering (Parmar et al., 2017) 4. Understanding
the chloroplast genome opened the door for evolutionary
research on mulberries through important findings production.
For mining SNPs, creating DNA markers, and mapping
expressed genes to a linkage map, redundant sequences found
in EST databases can be useful resources. The map is now
more advantageous for marker-assisted selection and OTL
analysis. An integrated analysis of genomic, transcriptomic,
proteomic, and metabolomic data is anticipated to produce
favorable results in understanding the mechanisms of
increasing mulberry production. Recent sequencing of
Arabidopsis thaliana and Populus tricocarpa, two model
dicot angiosperms, offers a great chance to use reference
genome systems for comparative genomics. Information
transfer regarding gene function, genetic markers, and
conserved genomic structures can be facilitated by this
method. An international mulberry collaboration would be
advantageous to the mulberry community in order to
guarantee the widespread acceptance of data.

Genome
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(CRISPR/Cas9)

Marker assisted
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molecular markers
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Fig 1: Integrated approaches of genomic and molecular biology tools for improving mulberry leaf productivity.
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Fig 2: Various genetic methodologies and techniques applied to mulberry genomics.
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Table 1: List of molecular markers used for marker-assisted breeding and clonal propagation in Morus spp.

Marker type Purpose of the study Country| Reference(s)
RAPD Genetic variability and phylogenetic relationship among 15 white mulberry genotypes Turkey Orhan 9[25}"' 2007
RAPD Molecular characterization of inter and intra-specific hybrids India Tik_ader and

Dandin, 2008 [56]
Genetic diversity among nine mulberry genotypes with contrasting traits for water use . Mishra et al., 2013
RAPD - India [35]
efficiency (WUE) and root
RAPD Genetic diversity among 36 genotypes collected from South India India |Naik et al., 2013 [37]
AFLP Genetic variability among 43 accessions belonging to M. alba, M. nigra and M. rubra Turkey Kafkas ?;S?I" 2008
AFLP DNA fingerprinting of ten cultivars China Huang eég’;‘"' 2009
ISSR Phylogenetic relationship among 18 germplasm collection and association with biochemical India | Kar et al., 2008 26
parameters
ISSR Genetic diversity among 73 local mulberry varieties for development of core collection China Linetal, 2011
SSR Genetic diversity among ten accessions belonging to M. alba and M. indica Kenya Waggig [§}]a'-'
SSR Phylogenetic relatedness among 17 mulberry genotypes India Wani 6}6?]"’ 2013
SSR Genetic d_|ver5|ty among 72 germplasm accessions belonging to two \_Nlld species such as M. India |Naik et al., 2015 [
laevigata and M. serrata collected from different eco-geographic regions of India
ISSR & SSR | Genetic diversity among 27 mulberry accessions including 19 cultivated and 8 wild accessions | China Weiguo Et‘qal" 2007

ISSR & RAPD Association with sprouting and sex expression traits India Vijayan &g]al" 2009

RAPD & ISSR |Genetic diversity among 21 mulberry genotypes collected from 4 geographic regions of Turkey| Turkey | Ipek etal., 2011

RAPD & ISSR Genetic stability of cryo—preger\(ed dormant buds: of dlffer_ent Morus species belonging to India Choudhan[/lgt al.,

indigenous and exatic collection 2013
RAPD & ISSR Genetic fidelity of in vitro regenerated mulberry plants (cv. S1) India |Saha et al., 2016 [0

Table 2: Linkage maps developed in mulberry.

Molecular map Pedigree of mapping Markers Hereditary nature of Agronomic trait Reference (s)
population marker targeted
Genetic linkage map S36 and V1 RAPD’SISSSR’ and Dominant, codominant No Venka;eg,(\;éa[rsl;f etal.,
QTL map V1 and Mysore Local | RAPD and ISSR Dominant Yield Naik et al., 2014 [38
QTL map Himachal Local and MS3| RAPD and ISSR Dominant Water use efficiency Mishra, 2014 [34
QTL map Dudia White and UP RAPD and ISSR Dominant Root traits Mishra, 2014 [34
Table 3: Transgenic mulberry (M. indica cv. K2 and M5) developed for stress tolerance.
Source of Performance of Promoter used| Selectable | Agrobacterium Plant
Transgene Explant : for transgene | marker Tumefaciens transformation | Reference(s)
transgene transgenic : ;
expression gene strain vector
Hypocotyl -
Hval | Barley and Dro“ghf and salinity | 5o nptll LBA4404 | pCAMBIA2301 |2 et 2l 2008
cotyledon tolerance
Hypocotyl -
Drought, salinity and Checker et al.,
Hval Barley cot;?eddon cold stress tolerance rd29A nptll Agll pBIl121 2012 [9
Hypocotyl tempeg\tﬁrzlg:d high Saeed et al
bchl Mulberry and R CaMV35S nptll - pCAMBIA2301 a9
cotyledon irradiance stress 2014
tolerance
. .| Hypocotyl Efficient leaf .
SHNL1 Azﬁg'l‘ij;r?;'s and | moisture retention | CaMV35S nptll EHAL05 pBIL21 SaJeZ%"laflgfla"'
cotyledon capacity
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Table 4: List of mulberry (Morus spp.) plantlets regenerated from explants through organogenesis since last decade.

Explants Genotype/cultivar Species Country |Type of organogenesis Reference(s)
Leaf M5, S13, S36 M. indica India_| Direct organogenesis | Chitra and Padmaja, 2005 [**!
Leaf V1 M. indica India__ | Direct organogenesis Raghunath et al., 2013 4!
Leaf, petiole, internode | Chinese White, Kokuso27 M. alba India_| Through callus phase | Bhau and Wakhlu, 2001
Lea_f, hypocotyl, cotyledon, K2, DD M. indica India Direct organogenesis Bhatnagar et al., 2001 B!
petiole, internodal segment
Cotyledon S36, K2, S1 M. indica, M. alba| India | Direct organogenesis Thomas, 2003
Apical bud S54 M. indica India Direct organogenesis Kavyashree, 2007 1271
Nodal explant M5, S36, S13, China White M. indica India Direct organogenesis | Chitra and Padmaja, 2002 12!
Nodal segment S36, V1 M. indica India | Through callus phase Rao et al., 2010 13
Nodal segment S1 M. alba India Direct organogenesis | Chattopadhyay et al., 2011 [
Nodal segment V1 M. indica India | Direct organogenesis Sajeevan et al., 2011 52
Shoot meristem S36 M. indica India Direct organogenesis Chitra et al., 2014 14

Conclusions

Genomic research is developing at an astounding rate as a
result of groundbreaking developments in several areas of
biology, particularly in DNA sequencing and bioinformatics.
This has raised the potential that trait-gene association studies
may become as simple to do in a well-equipped laboratory as
a PCR amplification reaction. Germplasm assessments,
parental choices, progeny studies, introgression of
characteristics from unadopted genotypes and species to elite
breeding lines, and mulberry improvement using genetic
engineering employing the most effective transformation
technique available are some of these bottlenecks. Moreover,
efforts can be made to evolve effective phenotyping
approaches, find and validate SNP markers, develop more
ESTs, and develop an adequate number of mapping
populations from well-planned crosses. These resources are
essential in order to successfully improve the productivity and
adaptability of mulberry and to maintain a thriving sericulture
sector in Asia.
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