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BREEDING, GENETICS & GENOMICS
A Review of Molecular Hotspots for Whitefly Resistance and Yield in Cotton
Obad Ul Rahman*, Syed Bilal Hussain, Muhammad Javed, and Sarmad Frogh Arshad

ABSTRACT

Gossypium hirsutum L. (upland cotton) is a
crucial fiber crop worldwide, yet the whitefly,
Bemisia tabaci Genn, significantly jeopardizes
its production. This phloem-feeding pest causes
direct damage to the plant and transmits destruc-
tive viral diseases. Sustainable cotton production
depends on developing whitefly-resistant varieties
exhibiting high yield potential. Fortunately, re-
cent progress in molecular biology and genomics
offers promising avenues by enabling the identifi-
cation of key genetic loci and molecular markers
associated with both resistance and yield. Whitefly
resistance is crucial for cotton production and a
comprehensive understanding of its molecular
basis remains essential. This review synthesizes
current knowledge on the molecular mechanisms
of whitefly resistance in cotton, highlighting key
genomic regions and candidate genes linked to
both resistance and yield. Finally, it explores the
potential of marker-assisted selection and genome
editing for developing improved cultivars.

Gossypium species constitute an economically
important group of crops, providing natural
fiber for the textile industry and seed oil for diverse
applications. These products contribute significantly
to global economies and the agricultural sector
(Sinha et al., 2025). The economic well-being
of millions of farmers and agricultural workers
worldwide is closely tied to cotton farming,
notably in key producing countries such as India,
China, U.S., Pakistan, and Brazil (Kaufmann and
Tao, 2025). The cotton industry sustains a broad
spectrum of economic activities, including textile
manufacturing processes (spinning, weaving, dyeing,
and printing), garment production, and essential
support industries such as the production of textile
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machinery, chemical inputs, and transportation
services (Haq et al., 2025). Cotton constitutes
a significant commodity in international trade,
generating substantial revenue for exporting nations
and contributing to the maintenance and function of
global trade networks (Manzoor et al., 2024). The
cotton industry’s contribution to employment is
substantial, providing livelihoods across its entire
value chain, from agricultural production to the
manufacturing of finished products, at both national
and global levels (Khan and Ali, 2024).

Cotton fiber, valued for its inherent softness
and comfort, is ideally suited for clothing and other
textile products designed for direct contact with the
skin (Nuruzzaman et al., 2024). It serves as a pri-
mary source of natural fiber for the textile industry.
Cotton’s fiber structure allows for air circulation, a
property known as breathability, which enhances the
comfort of cotton garments in warm weather (Raha-
man et al., 2024). The absorbent properties of cotton
render it suitable for applications such as towels,
bedding, and other absorbent products (Tubcil et al.,
2025). In addition, cotton fabrics exhibit relatively
high strength and can withstand regular washing and
wear (Islam et al., 2024). Cotton’s versatility extends
from its use in creating a wide range of woven or
knitted fabrics with varying textures and properties
to the processing of its byproduct, cottonseed, into
oil with diverse applications (Vinod et al., 2020).
Cottonseed oil is used as a cooking oil, in various
food processing applications, and in the production
of soaps, cosmetics, and other industrial products.
Cottonseed processing yields valuable byproducts
such as cottonseed meal that is rich in protein and
used as animal feed (Riaz et al., 2023).

Cotton productivity is severely hampered by
various biotic and abiotic stresses (Zhang et al.,
2025d). These stresses, particularly whitefly (Be-
misia tabaci Genn) infestation, significantly diminish
both the quantity and quality of cotton yields (Fatima
et al., 2024). Cotton’s growth and development are
adversely affected by a range of biotic and abiotic
stresses (Patil et al., 2024). Biotic stresses originate
from living organisms, whereas abiotic stresses are
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caused by non-living factors (ul Islam et al., 2024).
Insect pests, including, but not limited to whiteflies,
aphids, bollworms, and thrips pose a significant
threat to cotton production (Malinga and Laing,
2024). Damage occurs through various mechanisms,
including feeding, disease transmission, and oviposi-
tion within plant tissues (Abbas et al., 2025). A range
of diseases, caused by fungal, bacterial, and viral
pathogens can affect cotton plants leading to various
debilitating symptoms, including leaf spots, wilts,
and rots (Manzoor et al., 2024). Weed competition
for resources such as water, nutrients, and sunlight
constitutes significant constraints on cotton yield
(Goyal et al., 2025). Abiotic stresses originating
from non-living environmental factors represent sig-
nificant constraints on cotton productivity (Degefu
and Gebregiorgis, 2024). These stresses encompass
drought, characterized by water deficit; heat stress
induced by elevated temperatures; salinity referring
to high soil salt concentrations; nutrient deficien-
cies; and waterlogging resulting from excess water
that leads to root oxygen deprivation (Sugumar et
al., 2024).

Whiteflies pose a significant threat to cotton
production due to the direct damage they inflict.
Whitefly-secreted honeydew, a sticky substance,
facilitates the growth of sooty mold, which sub-
sequently diminishes photosynthetic activity and
compromises cotton fiber quality (Inbar and Gerling,
2008). The escalating resistance of whitefly popula-
tions to widely used insecticides complicates effec-
tive control and significantly drives up costs. This
challenge underscores the urgent need for innovative
solutions in pest management (Khalid et al., 2021)
and exacerbates the existing threats to cotton produc-
tion, a crucial source of fiber and oil for the global
economy (Abdul Qayyum et al., 2024). Whitefly
infestations cause direct damage, transmit yield-
limiting viruses, and are becoming increasingly dif-
ficult to manage (LaTora et al., 2022). Consequently,
research into sustainable control methods, including
the development of resistant cotton varieties, is of
paramount importance (Maji et al., 2025).

Whiteflies damage cotton plants by feeding
on phloem sap, the vascular tissue responsible for
transporting sugars and other nutrients from leaves
to other plant parts (Belachew and Jenber, 2024).
Whiteflies feed by inserting their piercing-sucking
stylets into the phloem tissue, the plant’s vascular
system responsible for transporting sugars and
other essential nutrients (Haider et al., 2024). They

then extract this nutrient-rich sap for sustenance.
Phloem sap removal by whiteflies depletes essential
nutrients, hindering plant growth and development
(Singh, 2023). Phloem feeding by whiteflies leads
to reduced photosynthesis due to nutrient depletion
and transport disruption, further limiting energy
production (Sodhi et al., 2025). Simultaneously, the
excretion of excess sugars as honeydew coats the
leaves. Sooty mold growth on honeydew further
reduces photosynthesis by blocking sunlight and
impairing plant respiration (Werrie, 2022).

The cumulative effects of nutrient depletion,
reduced photosynthesis, and sooty mold growth
ultimately lead to yield loss and a reduction in cot-
ton fiber quality (Oztiirk et al., 2025). Cotton yield
loss, representing a decrease in the total amount of
cotton harvested, can be attributed to several factors,
including a reduction in the number of bolls, smaller
boll size, and a decrease in the weight of cotton fiber
obtained per boll (Zhangjin et al., 2025). Cotton
fiber quality reduction, a decrease in the desirable
properties of the fiber, can have significant economic
consequences (Zhang et al., 2025a). This reduction
is characterized by shorter fiber length, weaker fiber
strength, and contamination with honeydew and
sooty mold, ultimately affecting fiber color, dye up-
take, and other key processing parameters (Sood et
al., 2024). This combined impact makes whiteflies
a particularly serious pest (Nadeem et al., 2024).

The widespread use of insecticides results in
environmental pollution with detrimental conse-
quences (Majeed et al., 2025). Contamination occurs
through air drift, water runoff (affecting rivers, lakes,
and groundwater), and soil accumulation, which can
negatively impact soil organisms and ecosystem
health (Gul et al., 2025). Insecticide use can harm
non-target organisms, including beneficial insects,
birds, fish, and other wildlife, disrupting the ecosys-
tem (Kumar et al., 2025a). Residues on cotton fibers
and potentially in cottonseed products also raise con-
cerns about food safety and human health (Venugopal
etal.,2025). Insecticide resistance in whiteflies arises
through natural selection. Repeated exposure to an
insecticide acts as selective pressure, eliminating
susceptible individuals while favoring the survival
and reproduction of resistant individuals (Nagaraj et
al., 2024). Consequently, the proportion of resistant
whiteflies in the population increases over time. The
spread of insecticide resistance reduces effectiveness,
necessitating higher doses or more frequent applica-
tions, thus exacerbating environmental and economic
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problems (Junqueira et al., 2024). Cross-resistance
can develop, where whiteflies resistant to one insec-
ticide exhibit resistance to others with similar modes
of action, limiting control options (Liu et al., 2025b).

Natural biological control of whiteflies is ex-
erted by various beneficial insects, including, but
not limited to, ladybugs, lacewings, and parasitic
wasps that prey upon or parasitize these pests (Liu et
al., 2025¢). Broad-spectrum insecticides can disrupt
natural whitefly control by killing beneficial insects,
potentially leading to pest resurgence and secondary
pest outbreaks (Singh et al., 2024c¢). These concerns
necessitate the development of more sustainable
and integrated pest management (IPM) strategies
that reduce reliance on chemical insecticides (Reay-
Jones et al., 2025). IPM emphasizes a combination
of methods, including cultural practices (e.g., crop
rotation, sanitation, and optimized planting sched-
ules), biological control (use of natural enemies such
as beneficial insects and microbial agents), host plant
resistance (development of resistant cotton variet-
ies), and when deemed necessary, the application of
selective insecticides with more targeted activity and
reduced environmental impact (Angon et al., 2023).

Implementing IPM strategies minimizes the
negative impacts of pest control on the environ-
ment, human health, and long-term sustainability of
cotton production by reducing reliance on chemical
insecticides (Ke et al., 2025). Resistant cotton vari-
eties possess natural defense mechanisms that deter
whiteflies or reduce their ability to thrive, lessening
the need for chemical interventions (Kumar and
Khurana, 2024). This results in several environmen-
tal benefits, including reduced pollution, protection
of beneficial insects and wildlife, and minimized risk
of insecticide residues (Kumar et al., 2024a). Host
plant resistance offers sustainable pest management
by providing a durable form of protection, reducing
input costs (insecticides, equipment, and labor), and
promoting stable cotton yields (Biswakarma et al.,
2024).

ENVIRONMENT-FRIENDLY APPROACH

Embracing the power of natural plant defense
mechanisms by cultivating resistant varieties aligns
with the essential principles of ecology (Badiyal et
al., 2024). Reduced reliance on insecticides fosters
biodiversity conservation and supports the mainte-
nance of healthy, balanced ecosystems (Mallick et
al., 2025). This approach fosters the implementation
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of more sustainable agricultural practices aimed at
minimizing environmental impact. Cotton varieties
exhibit whitefly resistance through various mecha-
nisms. Whitefly resistance in cotton can be conferred
by various physical traits (trichomes, leaf structure)
and biochemical traits (repellents, anti-feedants, tox-
ins) (Kumaraswamy et al., 2025; Sabra et al., 2025).
Developing resistant cotton varieties involves iden-
tifying resistance sources (screening varieties and
wild relatives) and incorporating resistance genes
through breeding or genetic engineering (Ayiecho
and Nyabundi, 2025). Developing resistant variet-
ies present challenges, including the potential for
whitefly-resistance evolution, necessitating ongo-
ing research and monitoring as well as the need to
combine resistance with other desirable traits such as
high yield and fiber quality (Bhattarai et al., 2025).

Although resistant varieties are a crucial step
toward sustainable cotton production, an IPM
approach combining multiple strategies is recom-
mended for optimal and sustainable pest control
(Biswakarma et al., 2024). The whitefly has a rapid
life cycle (egg, nymph, adult) and high reproductive
rate, contributing to its pest status and the develop-
ment of insecticide resistance (Shafi et al., 2025).
Cotton leaf curl virus is not a single viral entity
but a complex of begomoviruses, whose spread is
influenced by environmental factors and movement
of infected plant material (Makeshkumar et al.,
2021). Insecticide resistance in whiteflies develops
through various mechanisms, including metabolic
resistance (increased enzyme production to break
down insecticides), target site modification (changes
in the insecticide’s molecular target), and behavioral
resistance (altered insect behavior to reduce expo-
sure) (Nagaraj et al., 2024).

IPM tactics include cultural practices (e,g., crop
rotation with non-host crops, crop residue removal),
biological control (e.g., chalcidoid wasp [Encarsia
formosa Gahan] release, lacewing introduction),
host plant resistance (using resistant varieties),
and selective insecticide use (Anushi et al., 2024).
Selective insecticide use in IPM includes insect
growth regulators and target-specific insecticides
with minimal impact on beneficial insects (Safeena
Majeed et al., 2025). Host plant resistance breeding
employs techniques such as conventional breeding
(crossing resistant and susceptible varieties) (Rai and
Rai, 2025), using marker-assisted selection (MAS)
to accelerate the process by using DNA markers
linked to resistance genes, and genetic engineering
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to introduce resistance genes from other organisms
(Limenie, 2025). Resistance can deteriorate due to
evolving biotypes or strains, necessitating continu-
ous monitoring and development of new resistance
sources (Egan et al., 2024). Breeders must simulta-
neously select for multiple genes, a process that re-
quires sophisticated breeding strategies (Bhuiyan et
al., 2025). Breeding strategies for whitefly resistance
include conventional breeding, which involves cross-
ing resistant and susceptible varieties and selecting
for multiple resistant traits (Yerasu et al., 2025).

Whiteflies, like many insects, can develop in-
secticide resistance due to evolutionary pressure
(Hanuka and Scharf, 2025). Repeated exposure to
the same insecticide selects for resistant individu-
als, who reproduce and pass on resistance genes to
their offspring (Ngongang-Yipmo et al., 2025). Over
generations, the proportion of resistant whiteflies re-
duces insecticide effectiveness (Hussein et al., 2025).
This resistance arises through various mechanisms,
including metabolic resistance (increased enzyme
production), target site modification, and behavioral
resistance (Lin et al., 2025). The spread of insecticide
resistance reduces effectiveness, requiring higher
doses or more frequent applications, exacerbating
environmental and economic problems (Singh et al.,
2024a). Furthermore, cross-resistance can develop,
limiting control options as whiteflies resistant to one
insecticide can be resistant to others with similar
modes of action (Liang et al., 2025).

MOLECULAR MECHANISMS OF
WHITEFLY RESISTANCE IN COTTON

The inheritance of whitefly resistance in cot-
ton is complex, being a polygenic trait (Ayiecho
and Nyabundi, 2025). In contrast to traits governed
by a single gene, whitefly resistance is controlled
by numerous genes, each of which contributes
incrementally to the overall resistant phenotypes
(Brabham et al., 2025). The quantitative nature of
whitefly resistance implies that it is not a discrete
binary trait. Rather, it exists as a continuous variable,
with a spectrum of resistance levels ranging from
high susceptibility to high resistance, encompassing
numerous intermediate phenotypes (Ravensbergen,
2024). The complex, polygenic nature of whitefly
resistance makes breeding for this trait challenging,
requiring complex strategies and extensive field
evaluations to track multiple genes simultaneously
(Farhan Yousaf et al., 2025).

The expression of resistance genes in cotton
is subject to modulation by various environmental
factors, including, but not limited to, temperature,
humidity, plant nutritional status, and the presence of
other pests or diseases (Sheri et al., 2025). Variable
resistance, where a cotton variety exhibits varying
levels of resistance across environments, complicates
the development of consistently resistant varieties
for diverse growing regions and seasons (Ogwu et
al., 2025). Evaluating whitefly resistance in cotton
requires rigorous methodologies (Kim et al., 2025).
This can involve meticulous control of environ-
mental conditions in controlled environments or
implementing multi-location trials to account for the
inherent variability of environmental factors (Singh
et al., 2024b).

Various mechanisms contribute to whitefly re-
sistance in cotton, including physical traits such as
trichomes (leaf hairs) and leaf structure (Kaur et al.,
2024). Pest populations are influenced by the quan-
tity of hairs on cotton leaves. There are more white-
flies but fewer leathoppers when there are more hairs.
Butler et al. (1991) reported the number of whiteflies
increased significantly at the end of season even with
a medium amount of hair present on cotton leaves.
Whiteflies were more prevalent on cotton plants with
more hairs on the veins of their leaves. However, Zia
etal. (2011) reported that plants with longer hairs or
thicker leaves had fewer whiteflies. The number of
hairs is a major factor for whitefly infestation. Some
cotton types naturally fend off whiteflies. However,
aplant’s outward appearance does not tell the whole
story. Adult whiteflies prefer laying eggs on hairy,
deep green leaves. Surprisingly, these traits (hairiness
and leaf color) do not help the pests in the long run.
do Prado et al. (2016) found that even though these
plants looked inviting, the whiteflies did not grow
faster or live longer. This shows that a leaf might look
like a great home on the surface, but the plant’s inner
defenses can be detrimental to the insect. Whiteflies
infest hairy-leaf cotton more than smooth-leaf cotton.
Smooth varieties pose the least risk and extremely
hairy varieties pose the greatest risk. Culpepper et al.
(2024) recommended planting a smooth-leaf cotton
variety to reduce the risk of whitefly infestation if
planting late or close to other infested fields.

Whitefly resistance in cotton also involves
biochemical traits (repellents, anti-feedants, toxins)
and often is due to the combined effects of multiple
mechanisms (e.g., high trichome density and repel-
lent compound production) (Kumaraswamy et al.,
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2025). Because different genes control each of the
various resistance mechanisms, breeding for whitefly
resistance is complex (Li et al., 2025a). Breeding for
whitefly resistance uses MAS and genetic engineer-
ing (Sohi et al., 2025). MAS employs DNA markers
linked to resistance genes for efficient selection,
whereas genetic engineering introduces resistance
genes from other organisms for efficient selection
(Pandey et al., 2025).

The complex, polygenic, and environmentally
influenced nature of whitefly resistance in cotton
presents significant challenges to developing durable,
resistant varieties (Kumar et al., 2024b). These chal-
lenges can be overcome effectively through innova-
tive breeding strategies combined with IPM tech-
niques. This approach not only enhances resilience
but also promotes sustainable agricultural practices
(Morales-Rodriguez et al., 2025). Integrating resis-
tant varieties into a comprehensive IPM strategy
that combines multiple control tactics, is crucial
for delaying resistance development and achieving
sustainable pest control (Mawcha et al., 2025). By
understanding the complexities of whitefly resistance
and employing appropriate breeding and IPM strate-
gies, cotton breeders can make significant strides in
managing this important pest (Ye et al., 2025).

ANTIXENOSIS (NON-PREFERENCE)
DETERING THE PEST

Antixenosis refers to plant traits that deter insect
pests from colonizing, feeding, and oviposition, ef-
fectively making the plant unsuitable for the pest
(Kogan and Ortman, 1978). Several plant traits
contribute to whitefly antixenosis in cotton, includ-
ing leaf surface characteristics such as trichomes,
which can physically impede landing and movement,
interfere with stylet insertion, and create an unfa-
vorable microclimate (Butter and Dhawan, 2021).
Research also has shown hairy-leaf cottons to be
more susceptible to silverleaf whitefly compared
with smooth-leaf cottons (da Silva Oliveira et al.,
2021). Conversely, extremely smooth leaves can
deter whiteflies due to difficulty gripping the surface
(Morales-Ramos et al., 2023). Leaf color also can
influence attractiveness and some studies suggest
whiteflies prefer certain shades of green or yellow
(Paris etal., 2024). Plants release a variety of volatile
organic compounds (VOCs), some of which act as
repellents, deterring whiteflies from approaching or
settling (Kumaraswamy et al., 2024). Other VOCs
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are less attractive to whiteflies or have a masking
effect, making the plant less detectable (Gunalan et
al., 2024).

Antixenosis plays a crucial role in IPM by
naturally reducing pest pressure without direct insect
mortality (Chandraleka et al., 2025). This mechanism
offers durable resistance, minimizing the risk of
rapid resistance development compared to insecti-
cides (Deng et al., 2025). Furthermore, integrating
antixenosis with other resistance mechanisms, such
as antibiosis and tolerance, enhances pest control
efficacy and sustainability (Saini et al., 2025). Ex-
ploring antixenosis in cotton breeding enables the
development of fewer whitefly-attractive varieties,
thereby reducing reliance on chemical interventions
and fostering environmentally sound cotton produc-
tion (Douglas, 2018).

ANTIBIOSIS

Antibiosis, a plant defense mechanism, nega-
tively impacts insect pest biology following initiation
of feeding or colonization (Aravinthraju et al., 2024).
This can manifest as reduced survival, encompass-
ing increased whitefly mortality across various life
stages (egg, nymph, adult), and/or reduced fecundity,
resulting in decreased egg production by female
whiteflies (Man, 2024). Antibiosis in plants also can
hinder whitefly development, prolonging nymphal
stages and potentially increasing vulnerability to
natural enemies or environmental stressors (Chen et
al., 2025). Essentially, the plant exerts a detrimental
effect on the pest.

Several key plant factors contribute to antibiosis
against whiteflies in cotton (Kumar et al., 2025b).
Plants can synthesize toxic secondary metabolites
that, upon ingestion, negatively impact whiteflies
(Dias and D’Auria, 2025). These compounds can
disrupt digestion, metabolism, nervous system func-
tion, or other physiological processes, and can act
as direct toxins leading to mortality (Abd-Elsalam
etal., 2025). Imbalanced plant nutrient composition
can induce nutritional stress in whiteflies, negatively
impacting growth and development (Jiang et al.,
2025b). This can result in reduced survival and
fecundity, delayed development, and smaller adult
size (Wintraube et al., 2025). Whitefly infestation
can induce plant defense responses, leading to the
production of deterrent compounds or physiological
modifications that reduce plant suitability for the
pest (Li et al., 2025¢). These induced responses can
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include increased synthesis of toxic compounds,
alterations in leaf texture or thickness, and activation
of systemic signaling pathways (Martin-Cardoso and
San Segundo, 2025).

Antibiosis is a valuable IPM component due
to its direct impact on pest populations by reduc-
ing survival and reproduction (Haider et al., 2025).
Although offering relatively durable resistance, the
potential for pests to evolve detoxification or toler-
ance mechanisms exists (Dar et al., 2024). Integrat-
ing antibiosis with other resistance mechanisms,
such as antixenosis and tolerance, provides more
comprehensive and sustainable pest control (Pamidi
et al., 2025). Using antibiosis in cotton breeding
enables the development of varieties that are both
less attractive and directly harmful to whiteflies,
further minimizing reliance on chemical interven-
tions (Alia, 2024).

PLANT TOLERANCE

Plant tolerance describes the ability to withstand
insect infestation without substantial yield or qual-
ity reduction, despite pest resistance and feeding
(Sunidhi et al., 2025). Distinct from antixenosis
(deterrence) and antibiosis (harm), tolerance em-
phasizes the plant’s capacity to endure pest-induced
damage without significant negative impact (Zhang
et al., 2025b). Several mechanisms contribute to
whitefly tolerance in cotton. Enhanced photosyn-
thetic capacity, for example, allows tolerant plants
to compensate for whitefly-induced damage to
leaf tissues and maintain adequate photosynthetic
rates for growth and development, despite disrup-
tion caused by feeding (Vénninen, 2022). Efficient
nutrient utilization in tolerant cotton plants allows
them to maintain growth and yield despite nutrient
depletion caused by whitefly feeding (Dharshini et
al., 2025). Furthermore, although tolerance is not
directly pest-deterrent or harmful, tolerant plants
can activate defense pathways, including rapid tissue
repair, antioxidant production to mitigate oxidative
stress, and resource reallocation to prioritize growth
and reproduction under whitefly stress (De la Riva
et al., 2024).

Tolerance is a valuable IPM component as it
allows for stable yield despite pest presence (Lenné
and Wood, 2024). It also offers durable resistance
due to the lack of direct selection pressure for pest-
resistance evolution (Brown and Reisig, 2025).
Integrating tolerance with antixenosis and antibiosis

enhances pest control robustness and sustainability
(Deegala et al., 2025). Using tolerance in breeding
enables the development of cotton varieties that
maintain productivity under whitefly pressure, con-
tributing to a more sustainable and resilient produc-
tion system (Meena et al., 2025).

MOLECULAR MARKERS ASSOCIATED
WITH WHITEFLY RESISTANCE
AND YIELD TRAITS

The development of molecular markers, includ-
ing random amplified polymorphic DNAs (RAPDs),
amplified fragment length polymorphism (AFLPs),
simple sequence repeats (SSRs), and single nucleo-
tide polymorphisms (SNPs), have revolutionized
plant breeding, providing powerful tools for ac-
celerated crop improvement (Kumar et al., 2025c).
Molecular markers are specific DNA sequences
exhibiting inter-individual variation (polymorphism)
within a species, enabling genotypic differentiation
independent of phenotypic expression (Miryeganeh
and Armitage, 2025). RAPDs employ short, random
primers for DNA fragment amplification, generating
unique banding patterns (Al-Jayid and Altameme,
2025). AFLPs integrate RFLP and polymerase chain
reaction principles to produce numerous polymor-
phic fragments (Lamichaney et al., 2025). SSRs,
or microsatellites, consist of repetitive short DNA
sequences with varying repeat numbers, creating
polymorphism (Ou et al., 2025). SNPs, the most
prevalent variation, represent single base-pair differ-
ences in DNA sequence (Wiinschiers, 2025).

Using genetic markers to improve complex
traits is difficult because many genes are involved.
Because markers are not genes, their relationship can
deteriorate over time by decreasing precision (Sun
et al., 2024b). Every gene has a small impact that
is easily overshadowed by other genes or external
circumstances (Dixson et al., 2025). Furthermore,
every gene influencing a trait does not have a marker
and genes frequently interact in intricate ways that
are unpredictable (Brault et al., 2025). Lastly, the
small gains might not justify the high cost of testing
for thousands of markers (Cheng and Luo, 2025).

THE REVOLUTION
IN PLANT BREEDING

Molecular markers have revolutionized plant
breeding through several key advancements. MAS
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enables breeders to directly select target traits, even
if phenotypically obscure, by identifying linked mo-
lecular markers, thus increasing selection efficiency
and accuracy (Kumar et al., 2024c). Molecular
markers facilitate genetic mapping, revealing gene
location on a chromosome and providing crucial
information for understanding complex trait ge-
netics and identifying genes controlling important
characteristics (Khakshoor et al., 2025). They also
enable germplasm characterization, assessing ge-
netic diversity within and between populations to
identify valuable genetic resources (Bokaei et al.,
2025). Molecular markers facilitate accurate variety
identification, crucial for seed purity and intellectual
property protection (Keshavulu, 2025). Furthermore,
they enable gene pyramiding, allowing breeders to
combine multiple desirable trait genes into a single
variety for enhanced crop performance (Chaudhary
et al., 2024).

Molecular markers have revolutionized plant
breeding by providing powerful tools for efficient
selection, genetic mapping, germplasm character-
ization, variety identification, and gene pyramiding
(Garcia-Oliveira et al., 2025). These technologies
have accelerated the development of improved crop
varieties with enhanced yield, quality, and pest/dis-
ease resistance (Istiandari and Faizal, 2025). Criti-
cally, these markers have enabled the identification
of quantitative trait loci (QTLs) associated with key
traits such as whitefly resistance and yield in cotton,
highlighting a crucial application in modern plant
breeding (Pathak and Yadav, 2025).

QUANTITATIVE TRAIT LOCI

QTLs are genomic regions associated with
variation in quantitative traits, which, unlike quali-
tative traits, are influenced by multiple genes and
environmental factors (Bashir et al., 2025). QTLs in
cotton include yield, fiber quality, and pest/disease
resistance (Bibi et al., 2024). QTL identification is
crucial for understanding the genetic architecture of
complex traits and developing improved cultivars
(Hayatetal., 2025). QTL mapping involves creating
a genetic map of the cotton genome using molecular
markers to establish a framework for gene and QTL
localization (Khan et al., 2025). A diverse population
is generated (e.g., via crossing), genotyped using
molecular markers, and phenotyped for target traits
(Yin et al., 2025). Statistical analysis then identifies
QTLs associated with trait variation (Subramani
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et al., 2025). Following QTL identification, linked
molecular markers enable MAS, facilitating selec-
tion based on genotype rather than potentially con-
founding phenotype (Ayiecho and Nyabundi, 2025).
MAS accelerates breeding and enhances selection
efficiency for complex traits (Vieira et al., 2025).

Whiteflies significantly threaten cotton yields
(Kedar et al., 2025). Molecular markers have en-
abled the identification of whitefly-resistance QTLs,
facilitating the development of more resistant cotton
varieties (Sai Timmarao et al., 2025). Yield, a com-
plex trait, is influenced by numerous factors such
as plant height, branching, flowering time, and boll
size (El-Beltagi et al., 2025). Molecular markers
have facilitated the identification of QTLs associated
with these yield and morphological traits, enabling
the development of higher-yielding cotton varieties
(Finnegan et al., 2025). Molecular markers have
revolutionized plant breeding by enabling QTL iden-
tification and use, leading to the development of cot-
ton varieties with improved pest/disease resistance
and higher yields (Boopathi and Shobhana, 2024).

Continued advancements in cotton genomics and
genetic data analysis promise further breakthroughs
(Luo et al., 2025). Numerous studies have mapped
whitefly-resistance QTLs to various cotton chro-
mosomes, identifying candidate genes within these
regions, including those involved in defense response
pathways (Sun et al., 2024a), cell wall modifications
(Wang et al., 2024a), hormonal signaling (Zhang et
al., 2022), VOC production (Johnston et al., 2022),
detoxification and antioxidant mechanisms (Asghar
et al., 2025), proteinase inhibitors (Darweesh et
al., 2025), trichome development (Alagarsamy et
al., 2024), RNA interference pathways (Karthik et
al., 2023), nutrient allocation (Chen et al., 2024b),
receptor-like kinases, and resistance genes (Wang et
al., 2024b). This highlights significant progress in
understanding the genetic basis of whitefly resistance
in cotton (Li et al., 2023).

Whitefly resistance in cotton is a complex trait
governed by multiple genes, as evidenced by the
identification of numerous QTLs distributed across
different chromosomes (Nadeem et al., 2024). Sever-
al candidate genes, likely contributing to resistance,
have been identified within these whitefly-resistance
QTLs (Nyeetal., 2023). Although specific candidate
genes vary across studies and cotton varieties, they
often fall into common categories, including recep-
tor-like kinases, resistance genes, genes involved
in jasmonic acid and salicylic acid pathways, genes
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encoding secondary metabolites, genes involved
in RNA interference pathways, genes encoding
detoxification enzymes, genes involved in cell wall
reinforcement, genes encoding protease inhibitors,
genes involved in nutrient allocation, transcription
factors, genes encoding pathogenesis-related pro-
teins, genes involved in Redox hemostasis, genes
encoding lectins, and genes involved in VOC produc-
tion (Abd-Elsalam and Hashem, 2025).

Plant defense genes implicated in whitefly resis-
tance include resistance genes, encoding proteins that
recognize whitefly-derived molecules and trigger
defense responses, and pathogenesis-related proteins,
involved in diverse defense mechanisms such as cell
wall strengthening, antimicrobial compound produc-
tion, and systemic acquired-resistance activation (Li
etal., 2023). Genes involved in plant-insect interac-
tions also contribute to whitefly resistance (Han et
al., 2025a). These include genes regulating trichome
development (trichomes can physically deter or trap
whiteflies in some reports and trichomes have no or
minimal effect on whiteflies in other reports) and
genes involved in secondary metabolite production
(e.g., terpenoids, alkaloids) that repel or poison the
insects (Al-Khayri et al., 2023). Further contribut-
ing to whitefly resistance are genes involved in
plant signaling pathways, regulating responses to
insect attack (e.g., defense hormone production),
and genes influencing plant physiology (Roychow-
dhury et al., 2025) (Table 1). These include genes
related to nutrient uptake and transport, which can
affect susceptibility to whitefly feeding, and genes
involved in plant growth and development, where
vigor and health can influence pest resistance (Davis
and Thompson, 2024).

GENES USED FOR IMPROVEMENT
OF CROPS

Tomato plants with the Mi-1 gene are resistant
to whiteflies. It works by causing major changes in
the process of gene activation. Numerous internal
signaling systems are activated by this process.
Certain proteins that function as master switches
are subsequently activated by these signals. Finally,
these switches activate the defense system of plants.
This results in a stronger cell wall and the production
of compounds that resist whiteflies (Pascual et al.,
2025). A new defense mechanism has been discov-
ered for wild tomato plants. The variety known as
LA1840 deters normal growth of whitefly nymphs.

Normally wild tomatoes have sticky hairs on the
surface to keep pests away. But this plant fights from
the inside out. It uses riboflavin (Vitamin B2) against
nymphs either by activating the defense system of
the plant or directly damaging the internal system
of nymph by creating oxidative stress. It is mainly
controlled by the internal vascular system, especially
the phloem (Denkers et al., 2025). Transgenic cotton
has been developed using a garlic gene, ASAL, that
causes cotton to become highly resistant to aphids
and whiteflies. The mortality rate of insects feeding
on this transgenic cotton is 74% (Najeebullah et al.,
2025).

SIGNIFICANCE OF IDENTIFYING
CANDIDATE GENES

Identifying whitefly-resistance genes elucidates
the underlying molecular mechanisms (Huang et
al., 2025). The linked molecular markers derived
from these candidate genes can be used in MAS
to accelerate breeding for resistant cotton varieties
(Hosamani et al., 2025). Gene editing technologies,
such as CRISPR-Cas9, offer the potential to modify
candidate genes, enhancing existing whitefly re-
sistance or introducing novel resistance genes into
cotton cultivars (Verma et al., 2023). Plant defense
pathways involve diverse gene categories crucial
for resisting pathogens such as whiteflies (Hu et al.,
2025). These include plant defense pathways that
use gene encoding enzymes involved in phytoalexin
biosynthesis (Simas et al., 2025). Phytoalexins are
antimicrobial compounds synthesized by plants upon
pathogen infection, providing a chemical defense
barrier against pathogen growth and development
(Pretorius et al., 2025). Phytoalexin composition is
species specific (Sun et al., 2025b). Plant defense
mechanisms involve multifaceted strategies, includ-
ing cell wall reinforcement, signal transduction, and
the activation of the phenyl propanoid pathway (Fang
et al., 2025). Specifically, certain pathogenesis-
related proteins enhance cell wall integrity, impeding
pathogen penetration, whereas others mediate signal
transduction cascades to amplify downstream de-
fense responses (Shelake et al., 2024). Furthermore,
the phenylpropanoid pathways, regulated by specific
gene expression, yield diverse defense compounds
such as lignin, flavonoids, and phytoalexins, thereby
contributing to robust plant immunity (Rabeh et al.,
2025).
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Table 1. Characterization of plant genes contributing to whitefly resistance. Selected plant genes associated with resistance
to whiteflies and related pests. Plant species: the plant from which gene was isolated. Gene name: the name of the gene.
Gene function/mechanism: the function of the gene and how it relates to pest resistance. Reference: the publication where
the gene was first described. TYLCV=Tomato Yellow Leaf Curl Virus, Bt= Bacillus thuringiensis, QTL = Quantitative trait
loci, CC-NBS-LRR = Coiled-coil, nucleotide-binding site, Leucine-Rich Repeat.

Plant species Gene Name Gene Function/Mechanism Reference
;l"omato _(Solanum Mi-1 Confers resistance to whiteflies (Bemisia tabaci) and Rossi et al., 1998
lycopersicum) nematodes
Eggplant (Solanum SmARC {snthcy?nm regulatory gene, indirectly reduces whitefly Doganlar et al., 2002
melongena) infestation
Cptton (Gossypium CrylAc Bt gene, provides resistance to whiteflies and other Kranthi et al., 2005
hirsutum) pests
Coomltie 2 ASAL Allium sativum Leaf Lectin Saha et al., 2016
sativum)
;l“omato (Solanum Iy-2 Confers resistance to TYLCV and whiteflies Hanson, et al., 2006
lycopersicum)
Tomato (Solanum Ty-3 Another TYLCYV resistance gene linked to whitefly Ji et al.. 2007
lycopersicum) resistance 2
Cowpea (Vigna WES1 Whlte.ﬂy resistance gene identified through QTL Muchero et al., 2011
unguiculata) mapping
’S”(:le;ean (@it Ragl Provides resistance to aphids and whiteflies Hill et al., 2012
Soybean (Glycine Rag? An?the‘r gene conferring resistance to aphids and Hill et al., 2012
max) whiteflies

RNA-dependent RNA polymerase gene, provides
;n;l:?;)si(z"%"”m Iy-1 resistance to tomato yellow leaf curl virus (TYLCYV) Verlaan et al. 2013
yeop transmitted by whiteflies
Cucumber (Cucumis CC-NBS-LRR Resistance gene analog associated with whitefly Wan et al.. 2013
sativus) resistance ”
Tomato (Solanum WF-I and Wf-2 Acyl sugars were found responsible for whitefly Firdaus et al., 2013
galapagense) resistance
Arabidopsis thaliana AtRLPS2 Receptor-like protein, involved in defense against Zhao et al., 2019

whiteflies

Identifying whitefly-resistance QTLs and can-
didate genes represents a significant advancement
toward a sustainable and effective pest manage-
ment strategy (Bhattacharyya and Bandyopadhyay,
2025). Understanding the genetic basis of resistance
enables researchers and breeders to develop cotton
varieties with enhanced whitefly tolerance, ulti-
mately increasing yields and reducing dependence on
chemical insecticides (Paul et al., 2025). The genes
described play critical roles in plant defense against
pathogens (Saha et al., 2024). Understanding their
function enables the development of strategies to
enhance plant pest and disease resistance, includ-
ing strategies to enhance plant resistance through
MAS using linked molecular markers, and genetic
engineering to introduce or modify defense genes
(Fatemifard et al., 2024). Harnessing plant genetics
enables the development of more sustainable and
resilient agricultural systems (Simsek, 2025). Leaf

morphology, particularly leaf shape, is genetically
determined (Jiang et al., 2025a). Diverse leaf shapes
result from the action of specific genes regulating
leaf initiation, growth, and cell division (Long et al.,
2025). Key gene families involved include Knotted1-
like Homeobox (KNOX) genes that influence shoot
apical meristem maintenance and leaf complexity,
Cup-shaped Cotyledon (CUC) genes that define leaf
margins and lobes, and Asymmetric Leaves] (AS1)
and Asymmetric Leaves2 (AS2) genes that interact
with KNOX genes to regulate leaf shape and size.
Leaf size varies significantly within and between
species and is influenced by both genetic and envi-
ronmental factors (Byrne et al., 2024). Genes control
cell division, expansion, and overall growth rate (De
Lepeleire et al., 2025).

Plant hormones, such as auxin and gibberellins,
also regulate leaf size, with genes involved in hor-
mone synthesis, transport, and signaling impacting
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leaf growth (Yetgin et al., 2025). Trichomes, hair-like
plant surface structures varying in shape, size, and
density, are developmentally regulated by a complex
gene network (Li et al., 2024). These genes encode
transcription factors controlling trichome initiation,
growth, and differentiation (Chen et al., 2024a). Key
gene families involved include MYB transcription
factors that are central to activating the trichome de-
velopment program, basic Helix-Loop-Helix (bHLH)
transcription factors that interact with MYB proteins
to regulate initiation, and WD40 repeat proteins that
also interact with MYB and bHLH proteins (Li et
al., 2025b). These genes significantly influence plant
appearance (Sun et al., 2025a). Understanding their
function provides insights into plant development
and diversity, with applications in crop improvement,
stress resistance enhancement, and ornamental plant
development (Ramakrishnan et al., 2025).

STRESS RESPONSE

Stress response introduces key gene categories
implicated in plant stress responses, specifically
those triggered by environmental challenges. Plants
face continuous exposure to diverse environmental
toxins, including heavy metals, pesticides, and pol-
lutants (Thakur et al., 2025). Effective detoxifica-
tion mechanisms are thus crucial for plant survival
and growth (Szulinska et al., 2025). These genes
encode enzymes that detoxify by catabolizing or
modifying toxins into less harmful forms, often via
a two-phase process (Malcata, 2024). Cytochrome
P450s modifies toxins by frequently adding or re-
moving functional groups (Barreda et al., 2024).
Cytochrome P450 is involved in whitefly resistance
against thiamethoxam insecticide. It is involved in
upregulation of CYP6EM1 gene. The upregulation
of this gene results in resistance shown by whitefly
and silencing of this gene results in susceptibility of
whitefly (Huang et al., 2025).

Glutathione S-transferase conjugates the modi-
fied toxins with molecules like glutathione, increas-
ing water solubility and facilitating excretion (Ortega
et al., 2025). Whiteflies have developed resistance
to the insecticide imidacloprid. The resistance is
attained with the help of the enzyme BtGSTz1
that helps breakdown toxins (Zhang et al., 2024).
Environmental stressors (e.g., drought, heat, heavy
metal exposure) induce reactive oxygen species
(ROS) production in plants (Rao and Zheng, 2025).
These highly reactive molecules can damage cellular

components, including proteins, lipids, and DNA
(Sikder et al., 2025). The first QTL for whitefly
resistance was identified in cassava. It is located on
chromosome 8, which regulates more than one third
of the plant defense mechanisms (Chr08 6483145)
(Bohorquez-Chaux et al., 2025). Plants have evolved
sophisticated antioxidant defense systems to mitigate
ROS-induced damage (Chandimali et al., 2025).
These genes encode ROS-scavenging enzymes, in-
cluding superoxide dismutase, (converts superoxide
radicals to hydrogen peroxide) (Liu et al., 2025a),
catalase (breaks down hydrogen peroxide into water
and oxygen) (Ahammed et al., 2025), peroxidases
(catalyze hydrogen peroxide reduction) (Hsieh et
al., 2025), and glutathione S-transferases, which in
addition to detoxification, contribute to antioxidant
defense by conjugating harmful compounds with
glutathione (Nuevo et al., 2025). These genes are
critical for plant stress tolerance (Das et al., 2025).
Understanding their function enables the develop-
ment of strategies for improved crop resilience,
including genetic engineering (introducing or modi-
fying these genes) and breeding programs (selecting
for desirable alleles) (Vamshi et al., 2025).

MARKER-ASSISTED SELECTION

MAS uses molecular markers (specific DNA se-
quences) linked to target genes or QTLs to indirectly
select for desired plant traits (Ayiecho and Nyabundi,
2025). MAS enables breeders to predict the presence
of desirable trait-associated alleles by detecting
specific markers, even before phenotypic expres-
sion (Sun et al., 2024b). MAS facilitates the early
selection of superior genotypes at the seedling stage,
eliminating the need for plants to reach maturity and
phenotypically express the target trait (Rane et al.,
2025). This significantly reduces breeding time and
resource expenditure (Léandri-Breton et al., 2025).

MAS enhances selection efficiency and accuracy
by directly targeting desired alleles, unlike traditional
phenotypic selection, which is susceptible to envi-
ronmental influence and might not accurately reflect
aplant’s genotype (Angidi et al., 2025). MAS enables
the precise selection of specific alleles within a gene
or QTL, allowing breeders to fine-tune the genetic
composition of resulting cultivars (Bolouri and Dik-
men, 2025). MAS reduces the need for extensive,
time-consuming field evaluations by enabling pre-
field selection based on marker profiles, thus saving
time, labor, and resources (Possamai et al., 2024).
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MAS allows breeders to concentrate resources on
the most promising lines, thereby enhancing overall
breeding program efficiency (He et al., 2024).

MAS has revolutionized plant breeding by ac-
celerating improved cultivar development (Ahtisham
and Obaid, 2024). Its capacity for early selection and
reduced reliance on field evaluation has significantly
enhanced the efficiency and precision of breeding
programs (Alemu et al., 2024). One hundred and
fifty Pakistani cotton varieties were studied to select
whitefly resistant varieties. CA-12 and AGC-155
were selected as best varieties with whitefly resis-
tance by using morphological traits and SSR markers
(Rahman et al., 2025). Machine learning algorithms
were used to develop whitefly resistant populations
in cassava by crossing whitefly resistant ECU72
line and COL2246 susceptible line (Perez-Fons et
al., 2025).

CRISPR/CAS9: A PRECISION TOOL

CRISPR/Cas9 is a powerful gene-editing tool
comprised of Cas9 (a DNA-cutting enzyme) and a
guide RNA that directs Cas9 to a specific target DNA
sequence (Karim et al., 2025). CRISPR/Cas9 enables
precise targeting and modification of specific cotton
genes, a level of precision previously unattainable
with other genetic engineering techniques (Tuncel
etal., 2025; Zhang et al., 2025¢). CRISPR/Cas9 has
diverse applications in cotton breeding, including
enhancing existing resistance genes (which provide
defense against pests and diseases) by modifying
their regulatory regions to increase expression (Han
et al., 2025b; Singh et al., 2025). CRISPR/Cas9 can
improve resistance gene function also by introducing
activity, specificity-enhancing mutations, and silence
susceptibility genes making plants more resistant by
inactivating these genes (Ikram et al., 2025; Singh et
al., 2025). CRISPR/Cas9 can introduce novel resis-
tance genes into cotton via gene editing (modifying
existing genes) or gene insertion (introducing genes
from other organisms) (Singh et al., 2025; Weldemi-
chael and Gebremedhn, 2025).

CRISPR/Cas9 contributes to sustainable agri-
culture by facilitating the development of resilient
cotton varieties, thus reducing reliance on chemi-
cal inputs like pesticides (Priyatham et al., 2025).
CRISPR/Cas9 has the potential to revolutionize cot-
ton breeding by enabling the development of more
resilient and sustainable varieties with enhanced pest
and disease resistance, improved yield, and superior
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fiber quality (Jahan et al., 2025). The development
and deployment of genetically modified crops neces-
sitate careful consideration of ethical, environmental,
and regulatory implications (Subburayalu et al.,
2024). Five hundred and two genes in cotton related
to sucking insects (aphids and whitefly) have been
modified with a success rate of 97%. Upregulation
of the GhMPL423 gene makes cotton more resistant
to pests by triggering the natural defense system of
plants. This discovery allows breeders to develop
cotton that naturally fights insects without needing
foreign genes (Sun et al., 2024a). Cotton plants use
specific non-coding RNAs (IncA07 and IncD09) as
their main defense against sap-sucking insects like
whiteflies. By using CRISPR/Cas-9, it was revealed
that down regulation of these RN As greatly increased
the susceptibility of plants to infestation. These
RNAs control the jasmonic acid hormone pathway
(Zhang et al., 2022)

CONCLUSION AND FUTURE
PERSPECTIVES

Significant advancements in cotton breeding
have been driven by molecular markers and genomic
tools, enabling the deciphering of the cotton genome
and the identification of key traits such as whitefly
resistance and yield (Naeem et al., 2025). Molecular
markers, including RFLPs, RAPDs, AFLPs, SSRs,
and SNPs, serve as genomic signposts for tracking
trait inheritance, whereas genomic tools such as
genome sequencing, QTL mapping, and genome-
wide association studies provide comprehensive
genome analysis (Majhi et al., 2024). QTL mapping
identifies genomic regions associated with traits, al-
lowing for the discovery of candidate genes, which
are further investigated and manipulated using MAS
and genomic editing technologies like CRISPR/Cas9
(Bolouri and Dikmen, 2025). These tools enhance
breeding efficiency by enabling precise modifica-
tions, such as improving resistance genes, silencing
susceptibility genes, and introducing novel resistance
traits (Kumar et al., 2024c).

The integration of molecular and conventional
breeding methods accelerates the development of
superior cotton cultivars with enhanced pest resis-
tance, higher yields, and improved fiber quality,
promoting sustainable agriculture by reducing reli-
ance on chemical inputs (Khan et al., 2024). Future
research should focus on fine-mapping QTLs to
identify causal genes, developing cost-effective,
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high-throughput molecular markers, and validating
MAS effectiveness across diverse cotton germ-
plasm (Mores et al., 2021). Additionally, exploring
CRISPR/Cas9 for enhancing whitefly resistance
and yield, while addressing off-target effects and
delivery methods, is crucial (Jiang et al., 2025b).
Integrating molecular approaches with traditional
breeding strategies, such as using molecular data
to guide parental selection and progeny evaluation,
will further optimize breeding programs (Sharma
et al., 2025). Combining multiple resistance genes
into single varieties can provide durable solutions to
whitefly infestations, whereas molecular tools can
identify yield-related QTLs and modify key yield
components (Hagq et al., 2024). By reducing pesticide
reliance and increasing productivity, these advance-
ments contribute to sustainable cotton production and
global food security, ultimately benefiting farmers,
the textile industry, and environmental sustainability
(Dutta and Sinha, 2025).

REFERENCES

Abbas, A., M.Z.N. Dara, F. Ullah, B. Saddam, S. Abbas, A.
Alam, M. Babar, F. Hafeez, M.D. Gogi, H.A. Ghramh,
K.A. Khan, Y. Niaz, J. Ali, and C.R. Zhao. 2025. Unrav-
eling insect feeding patterns and their ecological impacts
on plant defense mechanisms. J. Plant Dis. Prot. 132:21.
https://doi.org/10.1007/s41348-024-01002-z

Abd-Elsalam, K.A., and A.H. Hashem (eds.). 2025 Fungal
Endophytes. Vol. II. Springer Nature, Singapore. https://
doi.org/10.1007/978-981-97-8804-0

Abd-Elsalam, K.A., R.K. Hassan, T.E. Abdelkhalek, H. Al-
moammar, and A.A.A. El-Sayed. 2025. Hidden biocon-
trol agents: The world of insect-pathogenic fungi. pp.
301-339 /In K.A. Abd-Elsalam, S.F. AbuQamar (eds.),
Fungal Endophytes. Vol. I. Springer Nature, Singapore.
https://doi.org/10.1007/978-981-97-7312-1_11

Abdul Qayyum, M., S. Saeed, W. Wakil, M. Yasin, A. Nawaz,
A. Ali, H. Ali, U. Naeem-Ullah, U. Sharif, H. Taha, A.
Khalid, I. Maryum, Z. Shahid, and W. Hasan Zubairi.
2024. Integrated pest management in cotton. /n S.
Glirsoy, S. Akin (eds.), Best Crop Management and
Processing Practices for Sustainable Cotton Production.
IntechOpen, London. U.K. https://doi.org/10.5772/inte-
chopen.114183

Ahammed, G.J., S. Sun, K. Qu, J. Chen, Y. Dong, A. Liu, and
S. Chen. 2025. Hydrogen peroxide signaling mediates
dopamine-induced chromium stress tolerance in tomato.
Environ. Pollut. 371:125949. https://doi.org/10.1016/].
envpol.2025.125949

Ahtisham, M., and Z. Obaid. 2024. Understanding modern
techniques and tools to revolutionize plant breeding
for sustainable crop improvement. Prem. J. Plant Biol.
1:100006. https://doi.org/10.70389/PJPB.100006

Al-Jayid, R.D., and H.J.M. Altameme. 2025. Assessment of
the genetic relationships among some latex producing
plants by RAPD markers. IOP Conf. Ser.: Earth Envi-
ron. Sci. 1449:012064. https://doi.org/10.1088/1755-
1315/1449/1/012064

Al-Khayri, J.M., R. Rashmi, V. Toppo, P.B. Chole, A.
Banadka, W.N. Sudheer, P. Nagella, W.F. Shehata, M.Q.
Al-Mssallem, F.M. Alessa, M.I. Almaghasla, and A.
Abdel-Sabour Rezk. 2023. Plant secondary metabolites:
The weapons for biotic stress management. Metabolites.
13(6):716. https://doi.org/10.3390/metabo 13060716

Alagarsamy, M., T.C. Amal, S. Karuppan, and K. Adhimool-
am. 2024. Comparative proteomic analysis of resistant
and susceptible cotton genotypes in response to leaf hop-
per infestation. J. Proteomics. 305:105258. https://doi.
org/10.1016/j.jprot.2024.105258

Alemu, A., J. Astrand, O.A. Montesinos-Lépez, J.I. y
Sanchez, J. Fernandez-Goénzalez, W. Tadesse, R.R.
Vetukuri, A.S. Carlsson, A. Ceplitis, J. Crossa, R. Ortiz,
and A. Chawade. 2024. Genomic selection in plant
breeding: Key factors shaping two decades of progress.
Mol. Plant 17(4):552-578. https://doi.org/10.1016/].
molp.2024.03.007

Alia, Z. 2024. The Approach of Integrated Pest Management.
University of El Oued, Algeria.

Angidi, S., K. Madankar, M.M. Tehseen, amd A. Bhatla.
2025. Advanced high-throughput phenotyping tech-
niques for managing abiotic stress in agricultural crops—
A comprehensive review. Crops. 5(2):8. https://doi.
org/10.3390/crops5020008

Angon, P.B., S. Mondal, 1. Jahan, M. Datto, U.B. Antu, F.J.
Ayshi, and M.S. Islam. 2023. Integrated pest manage-
ment (IPM) in agriculture and its role in maintain-
ing ecological balance and biodiversity. Adv. Agric.
2023:5546373. https://doi.org/10.1155/2023/5546373

Anushi, P.B. Kakade, R. Kaur, A. Singh, and A. Siddiqua.
2024. Production, protection, marketing, and technol-
ogy of strawberry. Research Floor Publications, Zewan
Payeen, India.

Aravinthraju, K., M. Shanthi, M. Murugan, R. Srinivasan,
L.A. Maxwell, N.M. Boopathi, and R. Anandham. 2024.
Endophytic entomopathogenic fungi: Their role in
enhancing plant resistance, managing insect pests, and
synergy with management routines. J. Fungi. 10(12):865.
https://doi.org/10.3390/jof10120865



JOURNAL OF COTTON SCIENCE, Volume 30, Issue 1, 2026

Asghar, S., D. Hussain, M. Saleem, M. Asrar, and F. Jabeen.
2025. Study of detoxification enzymes in Bemisia tabaci
(Hemiptera: Aleyrodidae) populations collected from
four districts of Punjab, Pakistan. Int. J. Trop. Insect. Sci.
45:417-424. https://doi.org/10.1007/s42690-025-01441-
7

Ayiecho, P.O., and J.O. Nyabundi. 2025. Development of pure
line varieties. pp. 157-173 In P.O. Ayiecho, J.O. Nyabun-
di (eds.), Conventional and Contemporary Practices of
Plant Breeding. Springer Nature, Cham, Switzerland.
https://doi.org/10.1007/978-3-031-74998-8 9

Badiyal, A., R. Mahajan, R.S. Rana, R. Sood, A. Walia, T.
Rana, S. Manhas, and D.K. Jayswal. 2024. Synergizing
biotechnology and natural farming: pioneering agricul-
tural sustainability through innovative interventions.
Front. Plant Sci. 15:1280846. https://doi.org/10.3389/
pls.2024.1280846

Barreda, L., C. Brosse, S. Boutet, F. Perreau, L. Rajjou, L.
Lepiniec, and M. Corso. 2024. Specialized metabolite
modifications in Brassicaceae seeds and plants: Diver-
sity, functions and related enzymes. Nat. Prod. Rep.
41:834-859. https://doi.org/10.1039/D3NP00043E

Bashir, L., N. Budhlakoti, A.K. Pradhan, D. Sharma, A. Jain,
S.S. Rehman, V. Kondal, S.R. Jacob, R. Bhardwaj, K.
Gaikwad, D.C. Mishra, A. Pandey, S. Kaur, P.K. Bhati,
R. Singh, G.P. Singh, and S. Kumar. 2025. Identification
of quantitative trait nucleotides for grain quality in bread
wheat under heat stress. Sci. Rep. 15:6641. https://doi.
org/10.1038/s41598-025-91199-2

Belachew, Z.G., and A.J. Jenber. 2024. Cotton protection. pp.
39-64 In K.M. Babu, A.K. Kabish, G.T. Tesema, and
B.K. Semahagn (eds.), Cotton Sector Development in
Ethiopia: Challenges and Opportunities. Springer Nature,
Singapore. https://doi.org/10.1007/978-981-99-9149-5

Bhattacharyya, P.K., and S. Bandyopadhyay. 2025. Modern
breeding approaches for disease and insect pest resis-
tance in soybean. pp. 275-295. In K.P. Singh, N.K.
Singh, and A.T. (eds.), Soybean Production Technology.
Springer Nature, Singapore. https://doi.org/10.1007/978-
981-97-8677-0_13

Bhattarai, K., A.B. Ogden, S. Pandey, G.V. Sandoya, A. Shi,
A.N. Nankar, M. Jayakodi, H. Huo, T. Jiang, P. Tripodi,
and C. Dardick. 2025. Improvement of crop production
in controlled environment agriculture through breeding.
Front. Plant Sci. 15:1524601. https://doi.org/10.3389/
pls.2024.1524601

Bhuiyan, M.M.R., I.LR. Noman, M.M. Aziz, M.M. Raha-
man, M.R. Islam, M.M.T.G. Manik, and K. Das. 2025.
Transformation of plant breeding using data analytics
and information technology: innovations, applications,
and prospective directions. Front. Biosci. (Elite Ed.)
17(1):27936. https://doi.org/10.31083/FBE27936

59

Bibi, A., W. Lihong, A. Mahmood, M.M. Javaid, B. Alj,
M. Yasin, K. Kamran, B.A. Khan, A. Rasheed, M.U.
Hassan, A. Hashem, M. Mechri, and E.F. Abd-Allah.
2024. Battling arid adversity: unveiling the resilience
of cotton in the face of drought and innovative mitiga-
tion approaches. Not. Bot. Horti. Agrobot. Cluj-Napoca
52(1):13468. https://doi.org/10.15835/nbha52113468

Biswakarma, N., B. Makdoh, N.C. Gulleibi, J. Layek, R.
Saikia, S. Nayak, S. Rai, R.R. Zhiipao, N. Rajbonshi, K.
Bag, and A K. Singh. 2024. Integrated crop management
practices for improving productivity and environmental
sustainability. pp. 413—443 /n S. Babu, R. Singh, S.S.
Rathore, A. Das, and V.K. Singh (eds.), Agricultural
Diversification for Sustainable Food Production. Sustain-
ability Sciences in Asia and Africa. Springer, Singapore.
https://doi.org/10.1007/978-981-97-7517-0_17

Bohorquez-Chaux, A., L.A. Becerra Lopez-Lavalle, V. Barre-
ra-Enriquez, M.I. Gomez-Jiménez, C.E. Sanchez-Sarria,
L.F. Delgado, X. Zhang, and W. Gimode. 2025. Genetic
mapping and validation of QTL for whitefly resistance in
cassava (Manihot esculenta Crantz). Theor. Appl. Genet.
138:160. https://doi.org/10.1007/s00122-025-04949-1

Bokaei, A.S., O. Sofalian, B. Sorkhilalehloo, A. Asghari, and
A. Pour-Aboughadareh. 2025. Revealing molecular vari-
ability and population structure analysis in Iranian wheat
germplasm using CAAT-box derived polymorphism
(CBDP) markers. Genet. Resour. Crop Evol. 72:6845—
6859. https://doi.org/10.1007/s10722-025-02363-6

Bolouri, P., and S. Dikmen. 2025. Marker-assisted recurrent
selection in plant breeding. pp. 166-193 /n Z. Khan
(ed.), Plant Breeding Technology: Future Trends and
Challenges. CABI. Oxford, UK.

Boopathi, N.M., and V.G. Shobhana. 2024. Genomics assisted
breeding for improving disease and pest resistance in
crop plants. pp. 41-77 In .M. Al-Khayri, K.P. Ingle,
S.M. Jain, S. Penna (eds.), Plant Molecular Breeding
in Genomics Era. Springer Nature, Cham, Switzerland.
https://doi.org/10.1007/978-3-031-68598-9 2

Brabham, H.J., I. Hernandez-Pinzén, C. Yanagihara, N.
Ishikawa, T. Komori, O.N. Matny, A. Hubbard, K.
Witek, A. Feist, H. Numazawa, P. Green, A. Dreiseitl,

N. Takemori, T. Komari, R.P. Freedman, B. Steffenson,
H.P. van Esse, and M.J. Moscou. 2025. Discovery of
functional NLRs using expression level, high-throughput
transformation and large-scale phenotyping. Nat. Plants.
11:2100-2114. https://doi.org/10.1038/s41477-025-
02110-w

Brault, C., E.J. Conley, A.C. Read, A.J. Green, K.D. Glover,
J.P. Cook, H.S. Gill, J.D. Fiedler, and J.A. Anderson.
2025. Improving genomic prediction for plant disease
using environmental covariates. Plant Methods. 21:114.
https://doi.org/10.1186/s13007-025-01418-0



RAHMAN ET AL.: REVIEW OF WHITEFLY RESISTANCE MOLECULAR HOTSPOTS 60

Brown, Z., and D. Reisig. 2025. Assessing market failures
driving pesticide resistance. Science. 387(6737):930—
932. https://doi.org/10.1126/science.adv4313

Butler, G.D., E.D. Wilson, and G. Fishler. 1991. Cotton leaf
trichomes and populations of Empoasca lybica and
Bemisia tabaci. Crop Prot. 10(6):461-464. https://doi.
org/10.1016/S0261-2194(91)80117-X

Butter, N.S., and A.K. Dhawan. 2021. A Monograph on
Whiteflies. CRC Press, Boca Raton, FL. https://doi.
0rg/10.1201/9781003095668

Byrne, M.E., E. Imlay, N.N.B. Ridza. 2024. Shaping leaves
through TALE homeodomain transcription factors. J.
Exp. Bot. 75(11):3220-3232. https://doi.org/10.1093/jxb/
erael18

Chandimali, N., S.G. Bak, E.H. Park, H.-J. Lim, Y.-S. Won,
E.-K. Kim, S.-1. Park, and S.J. Lee. 2025. Free radicals
and their impact on health and antioxidant defenses: a re-
view. Cell Death Discov. 11:19. https://doi.org/10.1038/
$41420-024-02278-8

Chandraleka, R., V. Ambethgar, E. Kaviya, S. Mookiah, K.
Sethuraman, A. Kalyanasundaram, and V.P. Santhi. 2025.
Biocontrol potential of fungal endophytes for pests man-
agement in cereals. Biocontrol Sci. Technol. 35(4):117—
158. https://doi.org/10.1080/09583157.2024.2436004

Chaudhary, D., S. Joshi, and A. Arora. 2024. Molecular mark-
ers and its breeding approaches in crop improvement. pp.
108-127 In U.G. Reddy, S.K. Deshpande, P. K, and S.
Jahagirdar (eds.), Advances in Crop Breeding. Cornous
Publications LLP, Puducherry, India.

Chen, M., Z. Li, X. He, Z. Zhang, D. Wang, L. Cui, M. Xie,
Z.Zhao, Q. Sun, D. Wang, J. Dai, and D. Gong. 2024a.
Comparative transcriptome analysis reveals genes
involved in trichome development and metabolism in to-
bacco. BMC Plant Biol. 24:541. https://doi.org/10.1186/
s12870-024-05265-4

Chen, T., Y. Jia, J. Chen, and G. Qi. 2024b. Comparative
transcriptome analysis of whiteflies raised on cotton leaf
curl Multan virus-infected cotton plants. Front. Vet. Sci.
11:1417590. https://doi.org/10.3389/fvets.2024.1417590

Chen, Z., Y. Luo, L. Wang, D. Sun, Y. Wang, J. Zhou, B. Luo,
H. Liu, R. Yan, and L. Wang. 2025. Advancements in
life tables applied to integrated pest management with
an emphasis on two-sex life tables. Insects. 16(3):261.
https://doi.org/10.3390/insects 16030261

Cheng, J., and M. Luo. 2025. Al-assisted genomic pre-
diction models in cotton breeding. Cott. Genom-
ics Genet. 16(3):137-147. https://doi.org/10.5376/
cgg.2025.16.0015

Culpepper, S., J. Vance, and P. Roberts. 2024. Georgia Cotton.
Georgia Cotton Commission. Tifton, GA.

da Silva Oliveira, C.E., L.V. Hoffmann, L.C. Toscano, M.S.
Queiroz, T. Zoz, and T.W. Witt. 2021. Resistance of
cotton genotypes to silverleaf whitefly (Bemisia tabaci
[GENNADIUS] Biotype B). Int. J. Trop. Insect Sci.
41:1697-1707. https://doi.org/10.1007/s42690-020-
00373-8

Dar, S.A., W. Hasan, Y.K. Devi, I.T. Gajger, and J. John.
2024. Enzyme-mediated adaptation of herbivorous in-
sects to host phytochemicals. Phytochem. Rev. 23:1-24.
https://doi.org/10.1007/s11101-024-09933-z

Darweesh, A.F., I. Fahmy, M. Ali, and A. Elwahy. 2025.
RNA interference of cysteine protease genes for the
management of whitefly (Bemisia tabaci) by oral route.
Egypt J. Bot. 65(1):43-56. https://doi.org/10.21608/
€jb0.2024.256163.2616

Das, S., S. Shil, J. Rime, A K. Alice, T. Yumkhaibam, V.
Mounika, A.P. Singh, M. Kundu, H.P. Lalhmangaihzuali,
T.K. Hazarika, A.K. Singh, and S. Singh. 2025. Phy-
tohormonal signaling in plant resilience: advances and
strategies for enhancing abiotic stress tolerance. Plant
Growth Regul. 105:329-360. https://doi.org/10.1007/
s10725-025-01279-6

Davis, T.W., and A.N. Thompson. 2024. Begomoviruses asso-
ciated with okra yellow vein mosaic disease (OYVMD):
diversity, transmission mechanism, and management
strategies. Mol. Hortic. 4:36. https://doi.org/10.1186/
s43897-024-00112-4

De la Riva G.A., J.C. Hernandez Gonzalez, R.M. Valdivia,
and R. Garcia Gonzalez. 2024. Oxidative stress (OS) in
plants, beneficial interactions with their microbiome and
practical implications for agricultural biotechnology. /n
A.N. Barros, A.C. Abrado (eds.), The Power of Antioxi-
dants—Unleashing Nature’s Defense Against Oxidative
Stress. IntechOpen, London, U.K.

De Lepeleire, J., R.C. Mishra, J. Verstraete, J.A. Pedroza Gar-
cia, C. Stove, L. De Veylder, and D. Van Der Straeten.
2025. Folate depletion impact on the cell cycle results
in restricted primary root growth in Arabidopsis. Plant
Mol. Biol. 115:31. https://doi.org/10.1007/s11103-025-
01554-0

Deegala, S., H.C. Rathnapala, S. Rajendran, and C. Het-
tiarachchi. 2025. Transgenic innovation: Harness-
ing cyclotides as next generation pesticides. ACS
Omega. 10(7):6323—-6336. https://doi.org/10.1021/
acsomega.4c09668

Degefu, D.T., and Z.D. Gebregiorgis. 2024. Cotton biotech-
nology. pp. 65-88 In K.M. Babu, A.K. Kabish, G.T.
Tesema, and B.K. Semahagn (eds.), Cotton Sector
Development in Ethiopia: Challenges and Opportunities.
Springer Nature, Singapore. https://doi.org/10.1007/978-
981-99-9149-5 4



JOURNAL OF COTTON SCIENCE, Volume 30, Issue 1, 2026

Deng, M., X. Xu, X. Huang, T. Xiao, W. Wang, J. Li, X.
Zhao, B. Pan, Y. Jiang, Z. He,Z. Yang, and K. Lu. 2025.
Mechanistic exploration of odorant binding protein-
mediated chlorpyrifos resistance in Nilaparvata lugens:
Insights from insecticide sequestration and transcrip-
tional regulation. Int. J. Biol. Macromol. 284(1):138108.
https://doi.org/10.1016/j.ijbiomac.2024.138108

Denkers, L.M., A. van Doorn, M. Galland, G. Balcke, M. de
Vos, R.C. Schuurink, and P.M. Bleeker. 2025. A phloem-
based defense mechanism linked to elevated riboflavin
levels in wild tomato Solanum chmielewskii impedes
whitefly nymphal development. Plant J. 123(2):e70363.
https://doi.org/10.1111/tpj.70363

Dharshini, L.C.P., P. Salim, K. Sharanya, B. Palanisamy, S.
Banerjee, and A.K.A. Mandal. 2025. RNAi: A tech-
nology for enhancing commercially valuable traits
in industrial crops. pp. 119-133 /n N. Kumar (ed.),
Industrial Crops Improvement. Springer Nature, Cham,
Switzerland.

Dias, S.L., and J.C. D’Auria. 2025. The bitter truth: how
insects cope with toxic plant alkaloids. J. Exp. Bot.
76(1):5-15. https://doi.org/10.1093/jxb/erae312

Dixson, H.G.W., C. Waldby, S. Raman, A. Mackenzie, and L.
Carter. 2025. Tragic flaws and practical wisdom: Public
reasoning behind preferences for different genetic tech-
nologies. Public Underst. Sci. 34(8):1009-1027. https://
doi.org/10.1177/09636625251333316

do Prado, J.C., M.F.G.V. Penaflor, E. Cia, S.S. Vieira, K.I.
Silva, L.A. Carlini-Garcia, A.L. Louren¢do. 2016.
Resistance of cotton genotypes with different leaf colour
and trichome density to Bemisia tabaci biotype B. J.
Appl. Entomol. 140(6):405—413. https://doi.org/10.1111/
jen.12274

Doganlar, S., A. Frary, M.-C. Daunay, R.N. Lester, S.D.
Tanksley. 2002. Conservation of gene function in the So-
lanaceae as revealed by comparative mapping of domes-
tication traits in eggplant. Genetics. 161(4):1713-1726.
https://doi.org/10.1093/genetics/161.4.1713

Douglas, A.E. 2018. Strategies for enhanced crop resistance
to insect pests. Ann. Rev. Plant Biol. 69:637-660. https://
doi.org/10.1146/annurev-arplant-042817-040248

Dutta, R., and K. Sinha. 2025. Optimizing agricultural pro-
ductivity in response to population growth: a sustainable
approach to food security and the green economy. pp.
517-542 In P.O. de Pablos, M.D. Lytras, and S. Malik
(eds.), Securing Sustainable Futures through Blue and
Green Economies. IGI Global Scientific Publishing, New
York, NY.

Egan, L., Q.-H. Zhu, I. Wilson, and W. Stiller. 2024. Host
plant resistance to insects in cotton. pp. 37—68 In S. Ku-
mar, and M. Furlong (eds.), Plant Resistance to Insects in
Major Field Crops. Springer Nature, Singapore.

61

El-Beltagi, H.S., E.A. El-Waraky, M.M. El-Mogy, M.F.
El-Nady, A.M. Ismail, E.B. Belal, M.I. Al-Daej, N.M.
El-Khateeb, L. Hamed, and M.M.S. Metwaly. 2025.
Microbial-priming of seeds with plant growth-promoting
rhizobacteria and arbuscular mycorrhizal fungi for im-
proving cotton (Gossypium barbadense L.) growth, yield
and water productivity under drought stress. Biologia.
80:779-803. https://doi.org/10.1007/s11756-025-01865-z

Fang, X., Y. Xie, Y. Yuan, Q. Long, L. Zhang, G. Abid, and W.
Zhang. 2025. The role of salicylic acid in plant defense
responses against biotic stresses. Plant Horm. 1:¢004.
https://doi.org/10.48130/ph-0025-0003

Farhan Yousaf, M., M. Naeem, and M.A. Bakar Zia. 2025.
QTL mapping for drought tolerance in vegetables. pp.
369-392 In U.K. Chaudhry, Z.N. Oztiirk, and A.F. Gokge
(eds.), Drought Stress. Springer Nature, Cham, Switzer-
land. https://doi.org/10.1007/978-3-031-80610-0 14

Fatemifard, S.Z., A. Masoumiasl, R. Rezaei, B. Fazeli-Nasab,
A. Salehi-Sardoei, and M. Ghorbanpour. 2024. As-
sociation between molecular markers and resistance to
bacterial blight using binary logistic analysis. BMC Plant
Biol. 24:670. https://doi.org/10.1186/s12870-024-05381-
1

Fatima, E.M., S. Saeed, M.S. Saddiq, N. Igbal, S. Igbal, H.
Baloch, M.H. Raza, M. Sajid, M.I.A. Rehmani, S. Raza,
and A. Raza. 2024. Effect of NPK fertilizer on white-
fly population and its natural predators on cotton crop
under greenhouse and field conditions. J. Agric. Res.
62(4):267-276.

Finnegan, E.J., P.A. Crisp, P. Zhang, J. Eglitis-Sexton, J.
Greenwood, J. Hintzsche, J. Li, J. Taylor, X. Wallace,
and S. Swain. 2025. Testing the potential of zebula-
rine to induce heritable changes in crop growth and
development. Theor. Appl. Genet. 138:26. https://doi.
org/10.1007/s00122-024-04799-3

Firdaus, S., A.W. van Heusden, N. Hidayati, E.D.J. Supena,
R. Mumm, R.C.H. de Vos, R.G.F. Visser, and B. Vos-
man. 2013. Identification and QTL mapping of whitefly
resistance components in Solanum galapagense. Theor.
Appl. Genet. 126:1487—-1501. https://doi.org/10.1007/
s00122-013-2067-z

Garcia-Oliveira, A.L., R. Ortiz, F. Sarsu, S.K. Rasmussen,
P. Agre, A. Asfaw, M. Kante, and S. Chander. 2025.
The importance of genotyping within the climate-smart
plant breeding value chain—integrative tools for genetic
enhancement programs. Front. Plant Sci. 15:1518123.
https://doi.org/10.3389/1pls.2024.1518123

Goyal, R., A. Nath, U. Niranjan, and R. Sharda. 2025.
Analyzing the performance of deep convolutional
neural network models for weed identification in potato
fields. Crop Prot. 188:107035. https://doi.org/10.1016/].
cropro.2024.107035



RAHMAN ET AL.: REVIEW OF WHITEFLY RESISTANCE MOLECULAR HOTSPOTS 62

Gul, S., H.F. Chashoo, F. Hanief, A. Abubakr, M.M. Ma-
lik, and I. Hamid. 2025. Pesticide biomagnification: A
comprehensive exploration of environmental dynamics
and human health implications. pp. 299-309 In J.K. Sun-
daray, M.A. Rather, I. Ahmad, and A. Amin (eds.), Food
Security, Nutrition and Sustainability Through Aquacul-
ture Technologies. Springer Nature, Cham, Switzerland.
https://doi.org/10.1007/978-3-031-75830-0_16

Gunalan, C., S. Jeyarani, M. Murugan, S. Mohankumar, S.
Haripriya, P. Saravan Kumar, and P.D. Kamala Jayanthi.
2024. Olfaction of leaf volatiles determines the most
attractive host plant for Aleurodicus rugioperculatus
Martin (Hemiptera: Aleyrodidae): potential pest manage-
ment opportunities. Curr. Sci. 126(8):932-940. https://
doi.org/10.18520/cs/v126/18/932-940

Haider, K., D. Abbas, J. Galian, M.A. Ghafar, K. Kabir, M.
Ijaz, M. Hussain, K.A. Khan, H.A. Ghramh, and A.
Raza. 2025. The multifaceted roles of gut microbiota
in insect physiology, metabolism, and environmental
adaptation: implications for pest management strate-
gies. World J. Microbiol. Biotechnol. 41:75. https://doi.
org/10.1007/s11274-025-04288-9

Haider, M.W., A. Sharma, A. Majumdar, F. Fayaz, F. Bro-
mand, U. Rani, V.K. Singh, M.S. Saharan, R.K. Tiwari,
M.K. Lal, and R. Kumar. 2024. Unveiling the phloem: a
battleground for plant pathogens. Phytopathol. Res. 6:65.
https://doi.org/10.1186/542483-024-00286-1

Han, W.-H., S.-X. Ji, F.-B. Zhang, H.-D. Song, J.-X. Wang,
X.-P. Fan, R. Xie, S.-S. Liu, X.-W. Wang. 2025a. A small
RNA effector conserved in herbivore insects suppresses
host plant defense by cross-kingdom gene silencing.
Mol. Plant. 18(3):437—456. https://doi.org/10.1016/j.
molp.2025.01.001

Han, X., S. Li, Q. Zeng, P. Sun, D. Wu, J. Wu, X. Yu, Z.
Lai, R.J. Milne, Z. Kang, K. Xie, and G. Li. 2025b.
Genetic engineering, including genome editing, for
enhancing broad-spectrum disease resistance in crops.
Plant Commun. 6(2):101195. https://doi.org/10.1016/.
xplc.2024.101195

Hanson, P., S.K. Green, and G. Kuo. 2006. Ty-2, a gene on
chromosome 11 conditioning geminivirus resistance in
tomato. pp. 17-18 In Report of the Tomato Genetics
Cooperative, No. 56. Univ. Florida, Wimauma, FL.

Hanuka, G., and I. Scharf. 2025. Interactions between woolly
whiteflies and their parasitoid wasp: development, com-
petition, and reproductive potential. J. Appl. Entomol.
149(4):549-557. https://doi.org/10.1111/jen.13401

Haq, S.A.U., T. Bashir, T.H. Roberts, and A.M. Husaini.
2024. Ameliorating the effects of multiple stresses on
agronomic traits in crops: modern biotechnological and
omics approaches. Mol. Biol. Rep. 51:41. https://doi.
org/10.1007/s11033-023-09042-8

Haq, U.N., M.M.R. Khan, A.M. Khan, M. Hasanuzzaman,
and M.R. Hossain. 2025. Global initiatives for industry
4.0 implementation and progress within the textile and
apparel manufacturing sector: a comprehensive review.
Int. J. Comput. Integr. Manuf. 38(12):1637-1662. https://
doi.org/10.1080/0951192X.2025.2455655

Hayat, U., C. Ke, L. Wang, G. Zhu, W. Fang, X. Wang, C.
Chen, Y. Li, and J. Wu. 2025. Using quantitative trait
locus mapping and genomic resources to improve breed-
ing precision in peaches: Current insights and future
prospects. Plants. 14(2):175. https://doi.org/10.3390/
plants14020175

He, B., S. Pan, J. Zhao, X. Zou, X. Liu, and S Wu. 2024.
Maize improvement based on modern breeding strat-
egies: progress and perspective. ACS Agric. Sci.
Technol. 4(3):274-282. https://doi.org/10.1021/
acsagscitech.3c00427

Hill, C.B., A. Chirumamilla, and G.L. Hartman. 2012. Resis-
tance and virulence in the soybean-Aphis glycines inter-
action. Euphytica. 186:635-646. https://doi.org/10.1007/
s10681-012-0695-z

Hosamani, R., M. Ashiq I, and B.M. Pattanashetti. 2025.
Breeding for insect pest resistance in oilseed crops
through genomics-assisted breeding. pp. 101-117 In
M.K. Pandey, M.G. Mallikarjuna, H.C. Lohithaswa, M.S.
Aski, and S. Gupta (eds.), Breeding Climate Resilient
and Future Ready Oilseed Crops. Springer Nature, Sin-
gapore. https://doi.org/10.1007/978-981-97-7744-0_4

Hsieh, L.-C., C.-C. Lee, K.-F. Zhang, H.-H. Chang, C.-H. Li,
H.-J. Huang, and H.E. Yen. 2025. Transcriptomic and
enzymatic analysis of peroxidase families at the early
growth stage of halophyte ice plant (Mesembryanthemum
crystallinum L.) under salt stress. Bot. Stud. 66:5. https://
doi.org/10.1186/s40529-024-00450-y

Hu, Y., C. Gong, Z. Yang, H. Han, T. Tian, X. Yang, W. Xie,
S. Wang, Q. Wu, X. Zhou, T.C.J. Turlings, Z. Guo, Y.
Zhang. 2025. Functional divergence of plant-derived
thaumatin-like protein genes in two closely related
whitefly species. Adv. Sci. 12(16):2502193. https://doi.
org/10.1002/advs.202502193

Huang, M., P. Gong, C. Yin, J. Yang, S. Liu, B. Fu, X. Wei,
J. Liang, H. Xue, C. He, T. Du, C. Wang, Y. Ji, J. Hu,
R. Zhang, N.A. Belyakova, Y. Zhang, and X. Yang.
2025. Cytochrome P450 CYP6EM1 confers resistance
to thiamethoxam in the whitefly Bemisia tabaci (Hemip-
tera: Aleyrodidae) via detoxification metabolism. Pestic.
Biochem. Physiol. 208:106272. https://doi.org/10.1016/].
pestbp.2024.106272



JOURNAL OF COTTON SCIENCE, Volume 30, Issue 1, 2026

Hussein, H.S., M.H. Idriss, F.H. El-Gayar, H.Y.S. Mousa,
and M.Z.M. Salem. 2025. Comparative efficacy of
plant derived extracts with the insecticide mospilan
on two whitefly species Bemisia tabaci biotype B and
Trialeurodes ricini. Sci. Rep. 15:1970. https://doi.
org/10.1038/s41598-024-84958-0

Ikram, A.U., M.S.S. Khan, F. Islam, S. Ahmed, T. Ling, F.
Feng, Z. Sun, H. Chen, and J. Chen. 2025. All roads lead
to Rome: Pathways to engineering disease resistance in
plants. Adv. Sci. 12(5):2412223. https://doi.org/10.1002/
advs.202412223

Inbar, M., and D. Gerling. 2008. Plant-mediated interactions
between whiteflies, herbivores, and natural enemies.
Ann. Rev. Entomol. 53:431-448. https://doi.org/10.1146/
annurev.ento.53.032107.122456

Islam, R., S. Ghaffar, L. Kong, T.K. Biswas, H.M.D. Maha-
mudul, H.M. Elias, and Y. Jiang. 2024. Highly efficient
wear resistance and anti-wrinkle properties of cotton
fabric finished by one-step eco-friendly strategy. Fibers
Polym. 25:3765-3777. https://doi.org/10.1007/s12221-
024-00699-x

Istiandari, P., and A. Faizal. 2025. Integrating in vitro cultiva-
tion and sustainable field practices of sacha inchi (Pluke-
netia volubilis L.) for enhanced oil yield and quality: A
review. Horticulturae 11(2):194. https://doi.org/10.3390/
horticulturae11020194

Jahan, 1., P.B. Angon, S.J. Mou, M. Zannat, U.B. Antu, M.M.
Alam, A.A. Sweety, M.S. Islam, and M.A. Sakil. 2025.
The potential of CRISPR-Cas genome editing technolo-
gies to mitigate biotic stress in plants. CABI Agric.
Biosci. 6(1):0005. https://doi.org/10.1079/ab.2025.0005

Ji, Y., D.J. Schuster, and J.W. Scott. 2007. 7y-3, a begomo-
virus resistance locus near the Tomato yellow leaf curl
virus resistance locus 7y-1 on chromosome 6 of tomato.
Mol. Breed. 20:271-284. https://doi.org/10.1007/s11032-
007-9089-7

Jiang, H., X. Li, C. Zhang, M. Gao, Y. Wang, J. Wang, Q.
Chai, Y. Zheng, X. Wang, Q. Li, Y. Li, J. Wang, and
J. Zhao. 2025a. Genetic mapping and transcriptome
profiling revealed leaf lobe formation and leaf size are
regulated by GhRI, in Gossypium hirsutum L. Theor.
Appl. Genet. 138:53. https://doi.org/10.1007/s00122-
025-04844-9

Jiang, T., T. Hao, W. Chen, C. Li, S. Pang, C. Fu, J. Cheng, C.
Zhang, M. Ghorbanpour, and S. Miao. 2025b. Repro-
grammed plant metabolism during viral infections:
mechanisms, pathways and implications. Mol. Plant
Pathol. 26(2):¢70066. https://doi.org/10.1111/mpp.70066

63

Johnston, N., T. Paris, M.L. Paret, J. Freeman, and X. Mar-
tini. 2022. Repelling whitefly (Bemisia tabaci) using
limonene-scented kaolin: A novel pest management strat-
egy. Crop Prot. 154:105905. https://doi.org/10.1016/j.
cropro.2022.105905

Junqueira, C.I.C.V.F,, E.F. de M.B. do Nascimento, L.A.
Vidal, E.S.L. de Queiroz, and E.V.S. Albuquerque.
2024. Molecular diagnostics for monitoring insecticide
resistance in lepidopteran pests. Agronomy. 14(11):2553.
https://doi.org/10.3390/agronomy 14112553

Karim, M.D., M. Abuhena, L. Rahman, and J. Al Rashid.
2025. Leveraging CRISPR/Cas9 in notable bacteria for
the production of industrially valuable compounds. Syst.
Microbiol. Biomanu. 5:512-530. https://doi.org/10.1007/
$43393-024-00326-z

Karthik, K., A. Hada, A. Bajpai, B.L. Patil, B. Paraselli, U.
Rao, and R. Sreevathsa. 2023. A novel tasi RNA-based
micro RNA-induced gene silencing strategy to tackle
multiple pests and pathogens in cotton (Gossypium
hirsutum L.). Planta. 257:20. https://doi.org/10.1007/
s00425-022-04055-2

Kaufmann, L., and H. Tao. 2025. Farming technologies,
migration and left-behind women in china: A socio-tech-
nical perspective. Popul. Space Place. 31(2):¢70001.
https://doi.org/10.1002/psp.70001

Kaur, H., V. Kumar, D. Pathak, and M.K. Sangha. 2024.
Antibiosis mechanism and bases of resistance to the
whitefly, Bemisia tabaci (Gennadius) in upland cotton
introgression lines. Phytoparasitica. 52:42. https://doi.
org/10.1007/s12600-024-01160-8

Ke, J., H. Dan, Q. Wang, and A. Razzaq. 2025. The role of
off-farm employment in promoting sustainable farm
development through integrated pest management tech-
nology adoption. Front. Sustain. Food Syst. 8:1503951.
https://doi.org/10.3389/fsufs.2024.1503951

Kedar, S.C., R.K. Saini, K.M. Kumaranag, D.M. Bawaskar,
V. Bhamare, S. Thube, and O. Navik. 2025. Revealing
insights into Bemisia tabaci dynamics: natural enemy
communities and population traits in Bt and non-Bt cot-
ton. J. Plant Dis. Prot. 132:27. https://doi.org/10.1007/
s41348-024-00996-w

Keshavulu, K. 2025. International treaties for seed quality
assurance: An Indian perspective. pp. 343-352 In M.
Dadlani, P.R. Das Gupta, and N. Dadlani. (eds.), Indian
Seed Sector. Springer Nature, Singapore. https://doi.
org/10.1007/978-981-96-0714-3 13

Khakshoor, E.N., A. Azadi, P. Fourozesh, A. Etminan, and
E.M. Hervan. 2025. Identification of candidate genes in
QTL regions for biochemical traits underlying salt re-
sponse in bread wheat (7riticum aestivum L.) at the seed-
ling stage. Plant Growth Regul. 105:759-771. https://doi.
org/10.1007/s10725-025-01301-x



RAHMAN ET AL.: REVIEW OF WHITEFLY RESISTANCE MOLECULAR HOTSPOTS 64

Khalid, M.Z., S. Ahmed, I. Al-Ashkar, A.EL. Sabagh, L. Liu,
and G. Zhong. 2021. Evaluation of resistance develop-
ment in Bemisia tabaci genn. (Homoptera: Aleyrodi-
dae) in cotton against different insecticides. Insects.
12(11):996. https://doi.org/10.3390/insects 12110996

Khan, A.A., B. Igbal, A. Jalal, K.A. Khan, A. Al-Andal, I.
Khan, S. Suboktagin, A. Qayum, and N. Elboughdiri.
2024. Advanced molecular approaches for improving
crop yield and quality: A review. J. Plant Growth Regul.
43:2091-2103. https://doi.org/10.1007/s00344-024-
11253-7

Khan, M., D. Hu, S. Dai, H. Li, Z. Peng, S. He, M. Awaid,
X. Du, and X. Geng. 2025. Unraveling key genes and
pathways involved in Verticillium wilt resistance by
integrative GWAS and transcriptomic approaches in
Upland cotton. Funct. Integr. Genomics. 25:39. https:/
doi.org/10.1007/510142-025-01539-8

Khan, Y., and Y. Ali. 2024. Analysis of water footprint and
sustainability of the cotton supply chain in Pakistan.
Water Conserv. Sci. Engin. 9:18. https://doi.org/10.1007/
s41101-024-00252-0

Kim, S., G. Gu, and D. Kim. 2025. Evaluation of recommend-
ed concentrations of eight insecticides for whitefly (Be-
misia tabaci) control in the Republic of Korea. J. Asia
Pac. Entomol. 28(1):102373. https://doi.org/10.1016/.
aspen.2025.102373

Kogan, M., and E.F. Ortman. 1978. Antixenosis-A new term
proposed to define painter’s “nonpreference” modality
of resistance. Bull. Entomol. Soc. Am. 24(2):175-176.
https://doi.org/10.1093/besa/24.2.175

Kranthi, K.R., S. Naidu, C.S. Dhawad, A. Tatwawadi, K.
Mate, E. Patil, A.A. Bharose, G.T. Behere, R.M. Wa-
daskar, and S. Kranthi. 2005. Temporal and intra-plant
variability of CrylAc expression in Bt-cotton and its
influence on the survival of the cotton bollworm, Heli-
coverpa armigera (Hiibner) (Noctuidae: Lepidoptera).
Curr. Sci. 89(2):291-298.

Kumar, N., and S.M.P. Khurana. 2024. An application of
biopesticides in control of pest and crop protection: An
eco-friendly management. pp. 95-124 In A. Kumar, and
M.K. Solanki (eds.), Microbial Biocontrol Techniques:
Microorganisms for Sustainability, Vol. 54. Springer,
Singapore. https://doi.org/10.1007/978-981-97-8739-5 6

Kumar, A., B.S. Bhople, and J. Jeganathan. 2025a. Balanc-
ing food security and environmental health: the dual
challenge of pesticide use in India. Environ. Sci. Pollut.
Res. 32:4949-4956. https://doi.org/10.1007/s11356-025-
36009-y

Kumar, A., P. Sangwan, V. Kumar, A.K. Pandey, Pooja, A.
Kumar, P. Chauhan, G. Koubouris, D. Fanourakis, and
K. Parmar. 2025b. Physio-biochemical insights of endo-
phytic microbial community for crop stress resilience: an
updated overview. J. Plant Growth Regul. 44:2641-2664.
https://doi.org/10.1007/s00344-024-11596-1

Kumar, D., S. Dutt, D. Kumar, K.C. Naga, V. Mangal, and
B. Singh. 2024a. Microbial inoculants for the manage-
ment of pesticide toxicity in plants. pp. 199-225 In A.
Kumar, and M.K. Solanki (eds.), Microbial Biocontrol
Techniques: Microorganisms for Sustainability, Vol. 54.
Springer, Singapore. https://doi.org/10.1007/978-981-97-
8739-5_11

Kumar, R., J. Das, R.K. Puttaswamy, M. Kumar, G. Balasub-
ramani, and Y.G. Prasad. 2024b. Targeted genome edit-
ing for cotton improvement: prospects and challenges.
Nucleus. 67:181-203. https://doi.org/10.1007/s13237-
024-00479-1

Kumar, R., S.P. Das, B.U. Choudhury, A. Kumar, N.R.
Prakash, R. Verma, M. Chakraborti, A.G. Devi, B. Bhat-
tacharjee, R. Das, B. Das, H.L. Devi, B. Das, S. Rawat,
and V.K. Mishra. 2024¢. Advances in genomic tools for
plant breeding: harnessing DNA molecular markers,
genomic selection, and genome editing. Biol. Res. 57:80.
https://doi.org/10.1186/s40659-024-00562-6

Kumar, S., A. Lamichaney, K.V. Sripathy, S. Dinni, and U.R.
Kamble. 2025¢. Modern molecular techniques to support
hybrid seed industry in crop plants. pp. 535-557 In A.
Lamichaney, A K. Parihar, A. Bohra, P. Karmakar, and
S.J.S. Naik (eds.), Hybrid Seed Production for Boosting
Crop Yields. Springer Nature, Singapore. https://doi.
org/10.1007/978-981-96-0506-4 20

Kumaraswamy, S., S.O. Nasif, A.B. Siddique, A. Karuppan-
nasamy, R. Chowdary, M. Mohan, and A K. Chaitanya.
2024. Host plant resistance to insects in vegetable crops.
pp. 215-248 In S. Kumar, and M. Furlong (eds.), Plant
Resistance to Insects in Major Field Crops. Springer
Nature, Singapore. https://doi.org/10.1007/978-981-99-
7520-4 9

Kumaraswamy, S., K. Yogendra, P. Sotelo-Cardona, A.
Shivanna, S. Hemalatha, M. Mohan, and R. Srinivasan.
2025. Non-targeted metabolomics reveals fatty acid and
associated pathways driving resistance to whitefly and
tomato leafminer in wild tomato accessions. Sci. Rep.
15:3754. https://doi.org/10.1038/s41598-025-86191-9

Lamichaney, A., A.K. Parihar, A. Bohra, P. Karmakar, and
S.J.S. Naik (eds). 2025. Hybrid Seed Production for
Boosting Crop Yields: Applications, Challenges and
Opportunities. Springer Nature, Singapore. https://doi.
org/10.1007/978-981-96-0506-4



JOURNAL OF COTTON SCIENCE, Volume 30, Issue 1, 2026

LaTora, A.G., C.B. Codod, S. Legarrea, B. Dutta, R.C. Kem-
erait Jr., S. Adkins, W. Turechek, T. Coolong, A.L.B.R.
da Silva, and R. Srinivasan. 2022. Combining cultural
tactics and insecticides for the management of the sweet-
potato whitefly, Bemisia tabaci MEAM1, and viruses
in yellow squash. Horticulturae 8(4):341. https://doi.
org/10.3390/horticulturae8040341

Léandri-Breton, D.-J., K.H. Elliott, A. Tarroux, P. Legagneux,
W. Jouanneau, F. Amélineau, F. Angelier, P. Blévin, V.S.
Brathen, P. Fauchald, G.W. Gabrielsen, A. Goutte, S. Tar-
tu, B. Moe, and O. Chastel. 2025. Testing the abundant
centre hypothesis in a seabird: higher energy expenditure
at the wintering range centre does not reduce reproduc-
tive success. Ecography. 2025(5):e07498. https://doi.
org/10.1111/ecog.07498

Lenné, J., and D. Wood. 2024. Crop diversity in agroecosys-
tems for pest management and food production. Plants.
13(8):1164. https://doi.org/10.3390/plants13081164

Li, D., H.-Y. Li, J.-R. Zhang, S.-X. Zhao, S.-S. Liu, and L.-
L. Pan. 2023. Plant resistance against whitefly and its
engineering. Front. Plant Sci. 14:1232735. https://doi.
org/10.3389/fpls.2023.1232735

Li, F., X. Wang, and X. Zhou. 2025a. The genomics revolu-
tion drives a new era in entomology. Ann. Rev. Entomol.
70(1):379-400. https://doi.org/10.1146/annurev-en-
t0-013024-013420

Li, J., G. Li, C. Zhu, S. Wang, S. Zhang, F. Li, H. Zhang, R.
Sun, L. Yuan, G. Chen, X. Tang, C. Wang, and S. Zhang.
2025b. Genome-wide identification and expression anal-
ysis of bLHLH-MYC family genes from mustard that may
be important in trichome formation. Plants. 14(2):268.
https://doi.org/10.3390/plants14020268

Li, J., X. Liu, W. Xiao, J. Huangfu, M.C. Schuman, I.T. Bald-
win, and Y. Lou. 2025¢. Nymphal feeding suppresses
oviposition-induced indirect plant defense in rice. Nat.
Commun. 16:508. https://doi.org/10.1038/s41467-025-
55816-y

Li, W.,, Q. Zhan , Y. Guan, L. Wang, S. Li, S. Zheng, H. Ma,
Y. Liu, L. Ding, S. Zhao, Z. Wang, J. Jiang, W. Fang,
F. Chen, S. Chen, and Z. Guan. 2024. Heterografting
enhances chrysanthemum resistance to Alternaria alter-
nata via jasmonate-mediated increases in trichomes and
terpenoids. J. Exp. Bot. 75(20):6523—6541. https://doi.
org/10.1093/jxb/erae212

Liang, P, Z. Zhang, C. Zhen, D. Li, S. Cheng, R. Li, and L.
Zhang. 2025. Risk assessment of cyclaniliprole resis-
tance in peach-potato aphid Myzus persicae: Laboratory
selection, inheritance, and cross-resistance patterns.
Arch. Insect Biochem. Physiol. 118(1):¢70031. https://
doi.org/10.1002/arch.70031

65

Limenie, A.D. 2025. Advancement of genetic engineering
applications for enhancing legume crop improvement in
agriculture. Cogent Food Agric. 11(1):2446652. https://
doi.org/10.1080/23311932.2024.2446652

Lin, H., D. Wang, Q. Wang, J. Mao, L. Yang, Y. Bai, and
J. Qu. 2025. Epigenetic modifications and metabolic
gene mutations drive resistance evolution in response
to stimulatory antibiotics. Mol. Syst. Biol. 21:294-314.
https://doi.org/10.1038/s44320-025-00087-4

Liu, Q., Z. Gao, X. Zhang, Q. Duan, Y. Zhang, A.C. Midgley,
L. Jiao, R. Liu, M. Zhu, D. Kong, J. Zhuang, and X.
Huang. 2025a. Assembly of genetically engineered ioniz-
able protein nanocage-based nanozymes for intracellular
superoxide scavenging. Nat. Commun. 16:1123. https://
doi.org/10.1038/541467-025-56414-8

Liu, X., X. Hu, Z. Wen, H. Tang, J. Ma, B. Qiu, W. Xu, X.
Chi, C. Lv, L. Guo, and Y. Zhang. 2025b. Sensitiv-
ity monitoring of Bemisia tabaci to two tetramic acid
insecticides and baseline susceptibility to spiropidion in
China. Crop Prot. 190:107088. https://doi.org/10.1016/j.
cropro.2024.107088

Liu, Y., Y. Zhang, C. Chen, S. Pan, X. Lu, Z. Shi, Z. Yang, R.
Sun, G. Zhang, B. Wang, Y. Huang, Y. Qin, X. Li, and
X. Yang. 2025c. The hoverfly attracting property of a
methyl salicylate-containing (£ )-B-farnesene analog (3¢)
and potential mechanism by mediating the EcorOBP15
and EcorOR3. J. Agric. Food Chem. 73(4):2312-2321.
https://doi.org/10.1021/acs.jafc.4c09298

Long, L., Z.-N. Zhang, F.-C. Xu, J.-Y. Ma, S.-Z. Shang,
H.-G. Song J.-F. Wu, X.-T. Zhao, J.R. Botella, S.-X.
Jin, and W. Gao. 2025. The GhANT-GoPGF module
regulates pigment gland development in cotton leaves.
Cell Rep. 44(1):115112. https://doi.org/10.1016/j.cel-
rep.2024. 115112

Luo, M., Y. Cao, and J. Hong. 2025. Opportunities and chal-
lenges in the application of single-cell transcriptomics in
plant tissue research. Physiol. Mol. Biol. Plants. 31:199—
209. https://doi.org/10.1007/s12298-025-01558-6

Majeed, A., M.T. Rasheed, J. Akram, N. Shahzadi, M. Kousar,
I. Bodlah, J. Igbal, .U. Haq, Y. Munir, and J.A. Siddiqui.
2025. Insight into insecticide resistance mechanism and
eco-friendly approaches for the management of olive
fruit fly, Bactrocera oleae Rossi: a review. J. Plant Dis.
Prot. 132:10. https://doi.org/10.1007/s41348-024-01036-
3

Majhi, P.K., A. Guru, S.C. Mogali, P. Pattnaik, R.D. Bisane,
L. Singha, P.P. Behera, and P.R. Behera. 2024. Genetic
mapping of valued genes with significant traits in crop
plants. pp. 99-134 In J.-T. Chen (ed.), Bioinformatics for
Plant Research and Crop Breeding. Wiley, Hoboken, NJ.
https://doi.org/10.1002/9781394209965.ch4



RAHMAN ET AL.: REVIEW OF WHITEFLY RESISTANCE MOLECULAR HOTSPOTS 66

Maji, A., S. Samanta, A. Mandal, A. Mandal, M. Imtiyaz,
S. Gorai, G. Parimala, W. Hassan, and S. Hazra. 2025.
Marker-assisted selection and genetic improvement of
industrial crops. pp. 97-117 In N. Kumar (ed.), Industrial
Crops Improvement. Springer Nature, Cham, Switzer-
land. https://doi.org/10.1007/978-3-031-75937-6_6

Makeshkumar, T., K. Divya, and S. Asha. 2021. Transgenic
technology for disease resistance in crop plants. pp.
499-560 In K.P. Singh, S. Jahagirdar, and D.K. Sarma
(eds.), Emerging Trends in Plant Pathology. Springer
Nature, Singapore. https://doi.org/10.1007/978-981-15-
6275-4 23

Malcata, F.X. 2024. Cell morphology. pp. 29-86 In F.X.
Malcata (ed.), Fundamentals of Biocatalysts. Springer
Nature, Cham, Switzerland. https://doi.org/10.1007/978-
3-031-41155-7_2

Malinga, L.N., and M.D. Laing. 2024. A review of pesticides
for the control of some cotton pests. Ann. Agric. Crop
Sci. 9(1):1148. https://doi.org/10.26420/annagriccrop-
sci.2024.1148

Mallick, R., A. Banerjee, and S. Poddar. 2025. Sustain-
able ecosystem management for strengthening climate
resilience. pp. 219-235 In M. Choudhury, G. Dixit, and
S. Majumdar (eds.), Sustainable Synergy: Harnessing
Ecosystems for Climate Resilience. Springer Nature,
Cham, Switzerland. https://doi.org/10.1007/978-3-031-
77957-2_15

Man, X. 2024. The host adaptive mechanism of the heter-
onomous parasitoid. Ph.D. diss., University of Liege,
Belgium. https://orbi.uliege.be/handle/2268/325023

Manzoor, S., S.U. Nabi, T.R. Rather, G. Gani, Z.A. Mir, A.W.
Wani, S. Ali, A. Tyagi, and N. Manzar. 2024. Advancing
crop disease resistance through genome editing: a prom-
ising approach for enhancing agricultural production.
Front. Genome Ed. 6:1399051. https://doi.org/10.3389/
fgeed.2024.1399051

Martin-Cardoso, H., and B. San Segundo. 2025. Impact of nu-
trient stress on plant disease resistance. Int. J. Mol. Sci.
26(4):1780. https://doi.org/10.3390/ijms26041780

Mawcha, K.T., G. Kinyanjui, D.H. Berhe, A. Hategekimana,
K. Joelle, and D. Ndolo. 2025. An overview of sustain-
able management strategies for Tuta absoluta. Int. J. Pest
Manag. 71(1):1-24. https://doi.org/10.1080/09670874.2
025.2456590

Meena, B.L., H.S. Meena, V.V. Singh, M.D. Meena, H.K.
Sharma, P.K. Rai, P.S. Yadav, R. Sarkar, A. Singh, J. Roy,
and P. Kumar. 2025. Breeding climate resilient rapeseed—
mustard in climate change era: Current breeding strate-
gies and prospects. pp 303-332 In M.K. Pandey, M.G.
Mallikarjuna, H.C. Lohithaswa, M.S. Aski, and S. Gupta
(eds.), Breeding Climate Resilient and Future Ready
Oilseed Crops. Springer Nature, Singapore. https://doi.
org/10.1007/978-981-97-7744-0 11

Miryeganeh, M., and D.W. Armitage. 2025. Epigenetic re-
sponses of trees to environmental stress in the context of
climate change. Biol. Rev. 100(1):131-148. https://doi.
org/10.1111/brv.13132

Morales-Ramos, J.A., J.A. Goolsby, C. Geden, M. Guadalupe
Rojas, M.D. Garcia-Cancino, B. Rodriguez-Vélez, H.
Arredondo-Bernal, M.A. Ciomperlik, G.S. Simmons,
J.R. Gould, and K.A. Hoelmer. 2023. Production of
hymenopteran parasitoids. pp. 101-155 In J.A. Morales-
Ramos, M. Guadalupe Rojas, and D.I. Shapiro-Ilan
(eds.), Mass Production of Beneficial Organisms:
Invertebrates and Entomopathogens. 2nd Ed. Academic
Press, Cambridge, MA. https://doi.org/10.1016/B978-0-
12-822106-8.00016-6

Morales-Rodriguez, C., A. Vannini, B. Scanu, P. Gonzalez-
Moreno, S. Turco, M.I. Drais, A. Brandano, M.A. Varo
Martinez, A. Mazzaglia, A. Deidda, A. Cidre, J. Gomes-
Laranjo, D. Liberati, and F.J. Ruiz-Gémez. 2025. Chal-
lenges to Mediterranean Fagaceae ecosystems affected
by Phytophthora cinnamomi and climate change: Inte-
grated pest management perspectives. Curr. For. Repts.
11:9. https://doi.org/10.1007/s40725-024-00237-1

Mores, A., G.M. Borrelli, G. Laido, G. Petruzzino, N. Pec-
chioni, L.G.M. Amoroso, F. Desiderio, E. Mazzucotelli,
A.M. Mastrangelo, and D. Marone. 2021. Genomic
approaches to identify molecular bases of crop resistance
to diseases and to develop future breeding strategies.

Int. J. Mol. Sci. 22(11):5423. https://doi.org/10.3390/
jms22115423

Muchero, W., J.D. Ehlers, T.J. Close, and P.A. Roberts.
2011. Genic SNP markers and legume synteny reveal
candidate genes underlying QTL for Macrophomina
phaseolina resistance and maturity in cowpea [Vigna
unguiculata (L) Walp.]. BMC Genomics. 12:8. https://
doi.org/10.1186/1471-2164-12-8

Nadeem, S., S.R. Ahmed, T. Lugman, D.K.Y. Tan, Z.
Maryum, K.P. Akhtar, S.M.U. Din Khan, M.S. Tariq,
N. Muhammad, M.K.R. Khan, and Y. Liu. 2024. A
comprehensive review on Gossypium hirsutum resistance
against cotton leaf curl virus. Front. Genet. 15:1306469.
https://doi.org/10.3389/fgene.2024.1306469



JOURNAL OF COTTON SCIENCE, Volume 30, Issue 1, 2026

Nacem, S., M.Z. Haider, A. Sami, M.A. Qureshi, M.H.T.
Bhatti, U. Irfan, M. Mudasar, M.1. Tanwir, Q. Ali, and M.
Shafiq. 2025. Exploring genetic variability and character
associations in China Aster (Callistephus chinensis L.
Nees). pp. 3-61 In J.M. Al-Khayri, S.M. Jain, and M.A.
Wani (eds.) Breeding of Ornamental Crops: Annuals
and Cut Flowers. Springer Nature, Cham, Switzerland.
https://doi.org/10.1007/978-3-031-78653-2 1

Nagaraj, S., R. Rajasekaran, J. Palaniappan, S. Rangasamy,
C. Narayanasamy, and M.B. Narayanan. 2024. Emerging
technological developments to address pest resistance
in Bt cotton. J. Cott. Res. 7:30. https://doi.org/10.1186/
$42397-024-00192-z

Najeebullah, S., N. Umer, R. Zahra Naqvi, M. Arshad, G.
Jander, S. Asad, Z. Mukhtar, and M. Asif. 2025. Trans-
genic cotton expressing Allium sativum leaf agglutinin
exhibits resistance to whiteflies and aphids without nega-
tive effects on ladybugs. Gene. 933:148926. https://doi.
org/10.1016/j.gene.2024.148926

Ngongang-Yipmo, E.S., M. Tchouakui, B.D. Menze, R.F.
Tiomela, D. Fofie, V.B. Ngannang-Fezeu, J.L. Mugenzi,
F. Njiokou, and C.S. Wondji. 2025. Long-term impact of
exposure to Royal Guard, a pyriproxyfen-based bed net,
on pyrethroid-resistant malaria vectors from Cameroon
using DNA-based metabolic resistance markers. Pest
Manag. Sci. 81(4):2165-2180. https://doi.org/10.1002/
ps.8615

Nuevo, L.V.C., V.B. Piatto, and L.C.F. Spessoto. 2025.
Molecular approach of oxidative stress and bronchopul-
monary dysplasia: Relationship of GSTM and GSTT1
genes. Med. Princ. Pract. 34(3):201-211. https://doi.
org/10.1159/000543466

Nuruzzaman, M., F. Ahmed, H.J. Kadri, and M.I.H. Mondal.
2024. Cotton and other cellulose fibres for comfort smart
clothing. pp. 65-108 /n M.A.H. Mondal (ed.), Smart
Textiles from Natural Resources. Elsevier, Amsterdam,
Netherlands.

Nye, D.G., M.L. Irigoyen, L. Perez-Fons, A. Bohorquez-
Chaux, M. Hur, D. Medina-Yerena, L.A.B. Lopez-
Lavalle, P.D. Fraser, and L.L. Walling. 2023. Integrative
transcriptomics reveals association of abscisic acid and
lignin pathways with cassava whitefly resistance. BMC
Plant Biol. 23:657. https://doi.org/10.1186/s12870-023-
04607-y

Ogwu, M.C., S.C. Izah, and M.T. Joshua. 2025. Ecological
and environmental determinants of phytochemical vari-
ability in forest trees. Phytochem. Rev. 24:5109-5137.
https://doi.org/10.1007/s11101-025-10066-0

67

Ortega, R., A. Martin-Gonzalez, and J.-C. Gutiérrez. 2025.
Tetrahymena thermophila glutathione-S-transferase
superfamily: an eco-paralogs gene network differ-
entially responding to various environmental abiotic
stressors and an update on this gene family in ciliates.
Front. Genet. 16:1538168. https://doi.org/10.3389/
fgene.2025.1538168

Ou, T., Z. Wu, C. Tian, Y. Yang, W. Gong, J. Niu, and Z. Li.
2025. Development of genome-wide SSR markers in
Leymus chinensis with genetic diversity analysis and
DNA fingerprints. Int. J. Mol. Sci. 26(3):918. https://doi.
org/10.3390/ijms26030918

Oztiirk, ZN., A. Akpmar, A M. Algharib, H.B. Cagirici, E.
Filiz, B. Hussain, A.F. Mahmoud, T. Muslu, B.S. Oz-
demir, M. Yiice, N. Ullah, and H. Budak. 2025. Refram-
ing plant stress tolerance in the era of climate change.
pp. 1-63 In UK. Chaudhry, Z.N. Oztiirk, and A.F. Gokge
(eds.), Drought Stress. Springer Nature, Cham, Switzer-
land. https://doi.org/10.1007/978-3-031-80610-0 1

Pamidi, L.S., J.C. Sekhar, K.R. Yathish, C.G. Karjagi, K.S.
Rao, S.B. Suby, and S. Rakshit. 2025. Characteriza-
tion of antixenosis and antibiosis resistance to the fall
armyworm, Spodoptera frugiperda (J.E. Smith) in maize.
Phytoparasitica. 53:4. https://doi.org/10.1007/s12600-
024-01228-5

Pandey, M.K., M.G. Mallikarjuna, H.C. Lohithaswa, M.S.
Aski, and S. Gupta. 2025. Breeding climate resilient and
future ready oilseed crops. Springer Nature, Singapore.
https://doi.org/10.1007/978-981-97-7744-0

Paris, T.M., N. Johnston, I. Strzyzewski, J.L. Griesheimer, B.
Reimer, K. Malfa, S.A. Allan, and X. Martini. 2024. To-
mato yellow leaf curl virus manipulates Bemisia tabaci,
MEAMI1 both directly and indirectly through changes in
visual and volatile cues. PeerJ. 12:e17665. https://doi.
org/10.7717/peerj.17665

Pascual, S., C.I. Rodriguez-Alvarez, I. Lopez-Vidriero, J.M.
Franco-Zorrilla, and G. Nombela. 2025. Over time
changes in the transcriptomic profiles of tomato plants
with or without Mi-1 gene during their incompatible
or compatible interactions with the whitefly Bemisia
tabaci. Plants. 14(7):1054. https://doi.org/10.3390/
plants14071054

Pathak, S., and V.N. Yadav. 2025. Breeding soybean for cur-
rent requirements of quality protein and oil. pp. 203-228
In K.P. Singh, N.K. Singh, and A.T. (eds.), Soybean Pro-
duction Technology. Springer Nature, Singapore. https://
doi.org/10.1007/978-981-97-8677-0_10

Patil, A.M., B.D. Pawar, S.G. Wagh, H. Shinde, R.M.
Shelake, N.R. Markad, N.K. Bhute, J. Cerveny, and R.S.
Wagh. 2024. Abiotic stress in cotton: Insights into plant
responses and biotechnological solutions. Agriculture.
14(9):1638. https://doi.org/10.3390/agriculture 14091638



RAHMAN ET AL.: REVIEW OF WHITEFLY RESISTANCE MOLECULAR HOTSPOTS 68

Paul, D., S. Dutta, Nidhi, Sapna, R. Jha, N. Biswas, S. Bagri,
and R. Kumar. 2025. Heterosis breeding and hybrid seed
production in cotton. pp 225-246 In A. Lamichaney,

A K. Parihar, A. Bohra, P. Karmakar, and S.J.S. Naik

(eds.), Hybrid Seed Production for Boosting Crop Yields.

Springer Nature, Singapore. https://doi.org/10.1007/978-
981-96-0506-4 9

Perez-Fons, L., A. Bohorquez-Chaux, M.I. Gomez-Jimenez,
L.A.B. Lopez-Lavelle, and P.D. Fraser. 2025. Un-
targeted and targeted metabolomics approaches to
characterise, select and advance cassava pre-breeding
populations with enhanced whitefly tolerance. Plant J.
122(4):¢70233. https://doi.org/10.1111/tpj.70233

Possamai, T., L. Scota, R. Velasco, and D. Migliaro. 2024. A
sustainable strategy for marker-assisted selection (MAS)
applied in grapevine (Vitis spp.) breeding for resistance
to downy (Plasmopara viticola) and powdery (Erysiphe
necator) mildews. Plants. 13(14):2001. https://doi.
org/10.3390/plants13142001

Pretorius, C.J., P.A. Steenkamp, and [.A. Dubery. 2025.
Metabolome profiling dissects the oat (4vena sativa
L.) innate immune response to Pseudomonas syrin-
gae pathovars. PLoS One 20(2):¢0311226. https://doi.
org/10.1371/journal.pone.0311226

Priyatham, K., S. Chakraborty, M. Paul, J. Singh, Nidhi, T.
Dkhar, C. Suvarna, A. Kole, and S. Das. 2025. Genom-
ics-assisted plant breeding for sustainable agriculture,
environmental harmony, and global food security: A
comprehensive review. Plant Cell Biotechnol. Mol. Biol.
26(1-2):73-86. https://doi.org/10.56557/pcbmb/2025/
v26i1-29102

Rabeh, K., M. Hnini, and M. Oubohssaine. 2025. A compre-
hensive review of transcription factor-mediated regula-
tion of secondary metabolites in plants under environ-
mental stress. Stress Biol. 5:15. https://doi.org/10.1007/
s44154-024-00201-w

Rahaman, M.T., A.D. Pranta, M.R. Repon, M.S. Ahmed, and
T. Islam. 2024. Green production and consumption of
textiles and apparel: Importance, fabrication, challenges
and future prospects. J. Open Innov.: Technol. Mark.
Complex. 10(2):100280. https://doi.org/10.1016/j.
joitmc.2024.100280

Rahman, O.U., S.B. Hussain, and M. Javed. 2025. Whitefly-
resistant population development source selection among
cotton germplasms of Pakistan through multivariate
tools. Plant Mol. Biol. Report. 43:1880-1896. https://doi.
org/10.1007/s11105-025-01581-7

Rai, R., and M.N. Rai. 2025. Emerging molecular tools and
breeding strategies for plant bacterial disease manage-
ment. pp. 403—426 In J.T. Chen, M. Khan, A. Parveen,
and J.K. Patra (eds.), Molecular and Biotechnological
Tools for Plant Disease Management. Springer, Singa-
pore. https://doi.org/10.1007/978-981-97-7510-1 14

Ramakrishnan, R., A. Banadka, S. Dubey, J.M. Al-Khayri,
and P. Nagella. 2025. Advances in triploid plant produc-
tion: techniques, benefits, and applications. Plant Cell,
Tissue Organ Cult. 160:70. https://doi.org/10.1007/
s11240-025-03011-8

Rane, P., J. Prakash, and A. Singh. 2025. Accelerated breeding
cycles in perennial fruit crops: conventional methods and
biotechnological advances. J. Hortic. Sci. Biotechnol.
100(4):419-436. https://doi.org/10.1080/14620316.2025
2462664

Rao, M.J., and B. Zheng. 2025. The role of polyphenols in
abiotic stress tolerance and their antioxidant properties
to scavenge reactive oxygen species and free radicals.
Antioxidants. 14(1):74. https://doi.org/10.3390/an-
tiox 14010074

Ravensbergen, M. 2024. Broad spectrum antiviral resistance
conferred by y-class RDRs. Ph.D. Diss. Wageningen
Univ., Netherlands.

Reay-Jones, F.P.F., G. Schnabel, T.B. Bryant, J. LaForest,
R.A. Melanson, A.L. Acebes-Doria, and B. Blaauw.
2025. MyIPM smartphone applications—tools to
increase adoption of integrated pest management. J.
Integr. Pest Manag. 16(1):3. https://doi.org/10.1093/jipm/
pmae038

Riaz, T., M.W. Igbal, S. Mahmood, I. Yasmin, A.A. Leghari,
A. Rehman, A. Mushtaq, K. Ali, M. Azam, and M. Bilal.
2023. Cottonseed oil: A review of extraction techniques,
physicochemical, functional, and nutritional properties.
Crit. Rev. Food Sci. Nutr. 63(9):1219-1237. https://doi.
org/10.1080/10408398.2021.1963206

Rossi, M., F.L. Goggin, S.B. Milligan, I. Kaloshian, D.E.
Ullman, and V.M. Williamson. 1998. The nematode re-
sistance gene Mi of tomato confers resistance against the
potato aphid. Proc. Natl. Acad. Sci. 95(17):9750-9754.
https://doi.org/10.1073/pnas.95.17.9750

Roychowdhury, R., A. Hada, S. Biswas, S. Mishra, M.R.
Prusty, S.P. Das, S. Ray, A. Kumar, and U. Sarker. 2025.
Jasmonic acid (JA) in plant immune response: Unravel-
ling complex molecular mechanisms and networking of
defence signalling against pathogens. J. Plant Growth
Regul. 44:89—114. https://doi.org/10.1007/s00344-024-
11264-4

Sabra, S.G., N. Abbas, and A.M. Hafez. 2025. Evaluation of
insecticide toxicity and field performance against Myzus
persicae (Hemiptera: Aphididae) in laboratory and
greenhouse conditions. Agronomy. 15(2):280. https://doi.
org/10.3390/agronomy 15020280



JOURNAL OF COTTON SCIENCE, Volume 30, Issue 1, 2026

Safeena Majeed, A.A., K. Pujar, Priyanka, and V. Rathna.
2025. Insect torments of timberland: Monitoring to mi-
crobial control and beyond. pp. 215-232 /n R.K. Kalia,
and R. Pathak (eds.), Tree Biology and Biotechnology.
Springer Nature, Singapore. https://doi.org/10.1007/978-
981-96-0002-1_14

Saha, B., J. Nayak, R. Srivastava, S. Samal, D. Kumar, J.
Chanwala, N. Dey, and M.K. Giri. 2024. Unraveling the
involvement of WRKY TFs in regulating plant disease
defense signaling. Planta. 259:7. https://doi.org/10.1007/
s00425-023-04269-y

Saha, P. . Dutta, S. Banerjee, and S. Das. 2016. A/lium
sativum leaf lectin: a potent sap feeding insect control
protein expressed in rice and mustard. pp. 477486 In
A. Kumar, and S.K. Sopory (eds.), Recent Advances in
Plant Biotechnology and Its Applications. I.K. Interna-
tional Pvt Ltd. New Delhi, India.

Sai Timmarao, K., N. Ponnam, D.C. Lakshmanareddy, M.K.
Reddy, V. Venkataravanappa, P. Roshini, M. Shaik, B.P.
Manoj, and K.M. Reddy. 2025. Molecular mapping and
development of SSR markers associated with Chilli leaf
curl virus resistance in chilli (Capsicum annuum L.).
Genomics. 117(2):111015. https://doi.org/10.1016/j.
ygeno.2025.111015

Saini, H.P., M. Meena, A. Sahoo, and T. Mehta. 2025. A re-
view on fungal endophytes of the family Fabaceae, their
metabolic diversity and biological applications. Heliyon.
11(3):e42153. https://doi.org/10.1016/j.heliyon.2025.
e42153

Shafi, M.S., N. Igbal, M. A. Farooq, N. Batool, M.N. Naqqash,
S. Saeed, A. Noureldeen, A. Alghamdi, H. Darwish, and
A.A. Hroobi. 2025. Cinnamon bark extracts alter the
biological and molecular parameters of Bemisia tabaci
Gennadius. Microchem. J. 209:112748. https://doi.
org/10.1016/j.microc.2025.112748

Sharma, R., C.J. Yang, N. Rossi, E. Irving, A. Tuffin, H. Aliki,
W. Powell, and [.K. Dawson. 2025. Integrating molecu-
lar genetics with plant breeding to deliver impact. Plant
Physiol. 198(3):kiaf087. https://doi.org/10.1093/plphys/
kiaf087

Shelake, R.M., S.G. Wagh, A.M. Patil, J. Cerveny, R.R.
Waghunde, and J.-Y. Kim. 2024. Heat stress and plant—
biotic interactions: Advances and perspectives. Plants.
13(15):2022. https://doi.org/10.3390/plants 13152022

Sheri, V., H. Mohan, P. Jogam, A. Alok, G.K. Rohela, and B.
Zhang. 2025. CRISPR/Cas genome editing for cotton
precision breeding: mechanisms, advances, and pros-
pects. J. Cott. Res. 8:4. https://doi.org/10.1186/s42397-
024-00206-w

69

Sikder, M.M., X. Li, S. Akumwami, and S.A. Labony. 2025.
Reactive oxygen species: Role in pathophysiology, and
mechanism of endogenous and dietary antioxidants
during oxidative stress. Chonnam Med. J. 61(1):32-45.
https://doi.org/10.4068/cmj.2025.61.1.32

Simas, D.L.R., F.O. Chagas, and A.J.R. da Silva. 2025.
Plant—pathogen interaction: chemical mediation in plant
signalling and defence. Phytochem. Rev. 24:5729-5745.
https://doi.org/10.1007/s11101-025-10091-z

Simgek, O. 2025. Harvesting sustainability: Innovations and
practices in modern agriculture. Green Technol. Sustain.
3(3):100192. https://doi.org/10.1016/j.grets.2025.100192

Singh, A. 2023. Emerging Trends in Plant Protection Sci-
ences, 1st ed. Kripa Drishti Publishers, Pune, India.

Singh, A., N. Shraogi, R. Verma, J. Saji, A.K. Kar, S. Tehlan,
D. Ghosh, and S. Patnaik. 2024a. Challenges in current
pest management practices: Navigating problems and
a way forward by integrating controlled release sys-
tem approach. Chem. Eng. J. 498:154989. https://doi.
org/10.1016/j.cej.2024.154989

Singh, C., S. Yadav, V. Khare, V. Gupta, U.R. Kamble, O.P.
Gupta, R. Kumar, P. Saini, R.K. Bairwa, R. Khobra,
S. Sheoran, S. Kumar, A K. Kurhade, C.N. Mishra,
A. Gupta, B.S. Tyagi, O.P. Ahlawat, G. Singh, and R.
Tiwari. 2024b. Unraveling the secrets of early-maturity
and short-duration bread wheat in unpredictable environ-
ments. Plants. 13(20):2855. https://doi.org/10.3390/
plants13202855

Singh, J., C. Aggarwal, P. Kapoor, R.K. Tiwari, R. Kumar,
M.K. Lal, M. Saini, M.S. Hurakadli, and V. Bajwa. 2025.
Genome editing technologies for resistance against
phytopathogens. pp. 465492 [n J.-T. Chen, M. Khan, A.
Parveen, and J.K. Patra (eds.), Molecular and Biotechno-
logical Tools for Plant Disease Management. Springer,
Singapore. https://doi.org/10.1007/978-981-97-7510-
116

Singh, K.A., I. Nangkar, A. Landge, M. Rana, and S. Srivas-
tava. 2024c. Entomopathogens and their role in insect
pest management. J. Biol. Control. 38(1):1-17. https://
doi.org/10.18311/jbc/2024/35752

Sinha, S., R.S. Singh, A. Kumar, R. Kesari, A. Kumari, and
P.K. Singh. 2025. Molecular markers and their applica-
tions in marker-assisted selection in industrial crops.
pp- 79-96 In N. Kumar (ed.), Industrial Crops Improve-
ment. Springer Nature, Cham, Switzerland. https://doi.
org/10.1007/978-3-031-75937-6_5



RAHMAN ET AL.: REVIEW OF WHITEFLY RESISTANCE MOLECULAR HOTSPOTS 70

Sodhi, G.K., T. Wijesekara, K.C. Kumawat, P. Adhikari, K.
Joshi, S. Singh, B. Farda, R. Djebaili, E. Sabbi, F. Ra-
mila, D. Sillu, G. Santoyo, S. de los Santos-Villalobos,
A. Kumar, and M. Pellegrini. 2025. Nanomaterials—
plants—microbes interaction: plant growth promotion and
stress mitigation. Front. Microbiol. 15:1516794. https://
doi.org/10.3389/fmicb.2024.1516794

Sohi, A., B.S. Dogra, S. Dhiman, R. Pathania, A. Chaud-
hary, P. Singathiya, A.D. Ranga, and A. Kumari. 2025.
Pre-breeding approaches towards vegetable improve-
ment: A review. Plant Sci. Today. 12(1):1-11. https://doi.
org/10.14719/pst.4857

Sood, S., K. Li, C. Sand, L. Pal, and M.A. Hubbe. 2024. Fruit
wastes: a source of value-added products. pp. 3-48 In
S.P. Bangar, and P.S. Panesar (eds.), Adding Value to
Fruit Wastes: Extraction, Properties, and Industrial Ap-
plications. Elsevier, Amsterdam, Netherlands. https://doi.
org/10.1016/B978-0-443-13842-3.00001-0

Subburayalu, S., D. Panda, V. Daware, R.I. Rathava, P.B.
Hase, K. Sootrakar, S. Venkatesan, and K.B. Joshi.
2024. Transgenic plants: From laboratory to field. Int.
J. Adv. Biochem. Res. 8(12):1279-1286. https://doi.
org/10.33545/26174693.2024.v8.112p.3479

Subramani, P., G.K. Nalliappan, M. Narayana, and S. Nate-
san. 2025. Mapping of quantitative trait loci associated
with fodder quality traits in forage maize (Zea mays L.).
Euphytica. 221:18. https://doi.org/10.1007/s10681-025-
03465-z

Sugumar, T., G. Shen, J. Smith, and H. Zhang. 2024. Creat-
ing climate-resilient crops by increasing drought, heat,
and salt tolerance. Plants. 13(9):1238. https://doi.
org/10.3390/plants13091238

Sun, L., M. Alariqi, Y. Wang, Q. Wang, Z. Xu, M.N. Zafar,

G. Yang, R. Jia, A. Hussain, Y. Chen, X. Ding, J. Zhou,
G. Wang, F. Wang, J. Li, J. Zou, X. Zhu, L. Yu, Y. Sun,
S. Liang, F. Hui, L. Chen, W. Guo, Y. Wang, H. Zhu, K.
Lindsey, X. Nie, X. Zhang, and S. Jin. 2024a. Construc-
tion of host plant insect-resistance mutant library by
high-throughput CRISPR/Cas9 system and identification
of a broad-spectrum insect resistance gene. Adv. Sci.
11(4):2306157. https://doi.org/10.1002/advs.202306157

Sun, L., M. Lai, F. Ghouri, M.A. Nawaz, F. Ali, F.S. Baloch,
M.A. Nadeem, M. Aasim, and M.Q. Shahid. 2024b.
Modern plant breeding techniques in crop improve-
ment and genetic diversity: From molecular markers
and gene editing to artificial intelligence—A critical
review. Plants. 13(19):2676. https://doi.org/10.3390/
plants13192676

Sun, M., Z. Lai, R. Zhou, M. Zhou, Y. Yin, D. Zhao, J. Tao,
and Y. Tang. 2025a. An AUX/IAA gene PIIAA9 regulates
lignin deposition during secondary growth of herba-
ceous peony (Paeonia lactiflora Pall.) stems. Scientia
Horticulturae. 342:114003. https://doi.org/10.1016/j.
scienta.2025.114003

Sun, Y., C. Chen, C. Lin, H. Zhang, J. Lian, and B. Hong.
2025b. Elucidation and de novo reconstitution of
glyceollin biosynthesis. Mol. Plant. 18(5):820-832.
http://doi.org/10.1016/j.molp.2025.04.003

Sunidhi, P. Singla, R. Kaur, and S. Sharma. 2025. Eavesdrop-
ping the pivotal defensive representatives of plant-thrips
interaction. Physiol. Mol. Biol. Plants 31:173—-197.
https://doi.org/10.1007/s12298-025-01554-w

Szulinska, E., A. Kafel, and A. Pompka. 2025. Herbivore
pest under combined plant extract and cadmium ef-
fect, the case of Spodoptera exigua from control and
cadmium strain. Chemosphere. 375:144244. https://doi.
org/10.1016/j.chemosphere.2025.144244

Thakur, S., A. Chandra, V. Kumar, and S. Bharti. 2025. En-
vironmental pollutants: Endocrine disruptors/pesticides/
reactive dyes and inorganic toxic compounds metals,
radionuclides, and metalloids and their impact on the
ecosystem. pp. 55-100 /n P. Verma (ed.), Biotechnology
for Environmental Sustainability. Springer, Singapore.
https://doi.org/10.1007/978-981-97-7221-6 3

Tubcil, M.S., S.K. Dogan, and B. Dizman. 2025. Nonwoven
surface treatments for disposable hygiene products.
Polym. Eng. Sci. 65(3):950-959. https://doi.org/10.1002/
pen.27099

Tuncel, A., C. Pan, J.S. Clem, D. Liu, and Y. Qi. 2025.
CRISPR-Cas applications in agriculture and plant re-
search. Nat. Rev. Mol. Cell Biol. 26:419-441. https://doi.
org/10.1038/s41580-025-00834-3

ul Islam, S.N., S. Kouser, P. Hassan, M. Asgher, A.A. Shah,
and N.A. Khan. 2024. Gamma-aminobutyric acid
interactions with phytohormones and its role in modulat-
ing abiotic and biotic stress in plants. Stress Biol. 4:36.
https://doi.org/10.1007/s44154-024-00180-y

Vamshi, S.S., R.M. Gothe, D. Onkarappa, K. Yogendra, and
W, Tyagi. 2025. Application of genome editing tools for
genetic enhancement of pulses for stress-resilient traits.
pp. 233-254 In M.K. Pandey, M.G. Mallikarjuna, H.C.
Lohithaswa, M.S. Aski, and S. Gupta (eds.), Breed-
ing Climate Resilient and Future Ready Pulse Crops.
Springer Nature, Singapore. https://doi.org/10.1007/978-
981-96-0483-8_8

Vinninen, . 2022. Advances in insect pest and disease moni-
toring and forecasting in horticulture. pp. 131-196 In
Improving Integrated Pest Management in Horticulture.
Burleigh Dodds Science Publishing Ltd., Cambridge,
U.K. https://doi.org/10.19103/AS.2021.0095.05



JOURNAL OF COTTON SCIENCE, Volume 30, Issue 1, 2026

Venugopal, E., S.J. Patil, and S.B.K. Naidu. 2025. Textile
waste: management, sustainability and recycling technol-
ogies. pp. 237-261 In A. Pandey, S.S. Suthar, and K.T.T.
Amesho (eds.), Solid Waste Management. Springer
Nature, Cham, Switzerland. https://doi.org/10.1007/978-
3-031-78420-0_11

Verlaan, M.G., S.F. Hutton, R.M. Ibrahem, R. Kormelink,
R.G.F. Visser, J.W. Scott, J.D. Edwards, and Y. Bai.
2013. The tomato yellow leaf curl virus resistance
genes 7y-1 and 7y-3 are allelic and code for DFDGD-
class RNA—dependent RNA polymerases. PLoS
Genet. 9(3):¢1003399. https://doi.org/10.1371/journal.
pgen.1003399

Verma, K., P. Sharma, K. Tripathi, R. Yadav, and S.P. Singh.
2023. Recent advances in genetic improvement of cot-
ton. pp. 69-99 In S. Tiwari, and B. Koul (eds.), Genetic
Engineering of Crop Plants for Food and Health Security.
Springer Nature, Singapore. https://doi.org/10.1007/978-
981-99-5034-8 4

Vieira, R.A., A.P.O. Nogueira, and R. Fritsche-Neto. 2025.
Optimizing the selection of quantitative traits in plant
breeding using simulation. Front. Plant Sci. 16:1495662.
https://doi.org/10.3389/fpls.2025.1495662

Vinod, A., M.R. Sanjay, S. Suchart, and P. Jyotishkumar.
2020. Renewable and sustainable biobased materials:
An assessment on biofibers, biofilms, biopolymers and
biocomposites. J. Clean. Prod. 258:120978. https://doi.
org/10.1016/j.jclepro.2020.120978

Wan, H., W. Yuan, K. Bo, J. Shen, X. Pang, and J. Chen.
2013. Genome-wide analysis of NBS-encoding disease
resistance genes in Cucumis sativus and phylogenetic
study of NBS-encoding genes in Cucurbitaceae crops.
BMC Genomics. 14:109. https://doi.org/10.1186/1471-
2164-14-109

Wang, F., S. Liang, G. Wang, T. Hu, C. Fu, Q. Wang, Z. Xu, Y.
Fan, L. Che, L. Min, B. Li, L. Long, W. Gao, X. Zhang,
and S. Jin. 2024a. CRISPR—Cas9-mediated construction
of a cotton CDPK mutant library for identification of
insect-resistance genes. Plant Commun. 5(11):101047.
https://doi.org/10.1016/j.xplc.2024.101047

Wang, F., S. Liang, G. Wang, Q. Wang, Z. Xu, B. Li, C. Fu,
Y. Fan, T. Hu, M. Alariqi, A. Hussain, J. Cao, J. Li,
X. Zhang, and S. Jin. 2024b. Comprehensive analysis
of MAPK gene family in upland cotton (Gossypium
hirsutum) and functional characterization of GAMPK31
in regulating defense response to insect infestation. Plant
Cell Rep. 43:102. https://doi.org/10.1007/s00299-024-
03167-1

Weldemichael, M.Y., and H.M. Gebremedhn. 2025. Enhanc-
ing tiny millets through genome editing: current status
and future prospects. Mol. Genet. Genomics. 300:22.
https://doi.org/10.1007/s00438-025-02231-z

71

Werrie, P.Y. 2022. Essential oils as potential botanical insec-
ticide against rosy apple aphid (Dysaphis plantaginea
P.) by trunk injection. PhD. Diss. Universite de Liege,
Belgium.

Wintraube, D., Y. Sadeh, O. Aidlin-Harari, Y. Amor, S. Morin,
and O. Malka. 2025. Osmoregulation by sucrose isom-
erization in the phloem-feeding whitefly Bemisia tabaci
involves members of the glycoside hydrolase family
13. Insect Biochem. Mol. Biol. 178:104266. https://doi.
org/10.1016/5.ibmb.2025.104266

Wiinschiers, R. 2025. Genome-wide association studies
(GWADS). pp. 471489 In R. Wiinschiers (ed.), Compu-
tational Biology. Springer Nature, Cham, Switzerland.
https://doi.org/10.1007/978-3-031-70314-0_24

Ye, K., G. Hu, Z. Tong, Y. Xu, and J. Zheng. 2025. Key
intelligent pesticide prescription spraying technologies
for the control of pests, diseases, and weeds: A review.
Agriculture. 15(1):81. https://doi.org/10.3390/agricul-
ture15010081

Yerasu, S.R., H.C. Prasanna, N. Krishnan, S. Maurya, H.S.
Panwar, S.K. Reddy, J.K. Tiwari, N. Rai, and T.K.
Behera. 2025. Marker assisted pyramiding of major re-
sistance genes of tomato leaf curl and late blight diseases
for stabilising tomato production. Physiol. Mol. Biol.
Plants. 31:105-118. https://doi.org/10.1007/s12298-025-
01548-8

Yetgin, A., R.K. Srivastava, and N. Mandal. 2025. Insights
into plant hormone signaling networks for environmen-
tal responses. pp. 505-523 In R.K. Srivastava, and A.
Chakraborty (eds.), Mitigation and Adaptation Strategies
Against Climate Change in Natural Systems. Springer,
Cham, Switzerland. https://doi.org/10.1007/978-3-031-
75968-0_26

Yin, D., X. Zhang, L. Yin, H. Zhang, Z. Tang, J. Xu, X. Yuan,
X. Zhou, Z. Li, S. Zhao, and X. Liu. 2025. SIMER: an
accurate and intelligent tool for simulating customizable
population data across species in complex scenarios. J.
Big Data 12:49. https://doi.org/10.1186/s40537-025-
01102-z

Zhang, F., H. Wang, Q. Zhao, J. Hr, and X. Dong. 2025a.
Efficient color management in closed-loop recycling of
cotton fabrics by using fiber modification and salt-free
dyeing strategy. J. Clean Prod. 491:144865. https://doi.
org/10.1016/j.jclepro.2025.144865

Zhang, J., J. Li, S. Saeed, W.D. Batchelor, M. Alariqi, Q.
Meng, F. Zhu, J. Zou, Z. Xu, H. Si, Q. Wang, X. Zhang,
H. Zhu, S. Jin, and D. Yuan. 2022. Identification and
functional analysis of IncRNA by CRISPR/Cas9 during
the cotton response to sap-sucking insect infestation.
Front. Plant Sci. 13:784511. https://doi.org/10.3389/
pls.2022.784511



RAHMAN ET AL.: REVIEW OF WHITEFLY RESISTANCE MOLECULAR HOTSPOTS

Zhang, L.-J., Y. Liu, Y.-S. Ma, Y.-L. Wang, X.-Y. Wang, Y.
Ma, and L.-L. Xie. 2025b. Insect resistance responses of
ten Aster varieties to damage by Tephritis angustipen-
nis in the three rivers source region of China. Sci. Rep.
15:6962. https://doi.org/10.1038/s41598-025-91440-y

Zhang, R., J. Yang, J. Hu, F. Yang, J. Liang, H. Xue, X. Wei,
B. Fu, M. Huang, H. Du, C. Wang, Q. Su, X. Yang,
and Y. Zhang. 2024. Glutathione S-transferase directly
metabolizes imidacloprid in the whitefly, Bemisia tabaci.
Pestic. Biochem. Physiol. 201:105863. https://doi.
org/10.1016/j.pestbp.2024.105863

Zhang, X., M. Qiu, B. Han, L. Liao, X. Peng, J. Lin, N.
Zhang, L. Hai, L. Liang, Y. Ma, W. Li, and M. Liu.
2025c¢. Generation and propagation of high fecundity
gene edited fine wool sheep by CRISPR/Cas9. Sci. Rep.
15:2557. https://doi.org/10.1038/s41598-025-86592-w

Zhang, Z., W. Ma, H. Wang, Z. Ren, Y. Liu, K. He, F. Zhang,
W. Ye, W. Huo, W. Li, X. Ma, and D. Yang. 2025d. Char-
acterization of the wall-associated kinase (WAK) gene
family in Gossypium barbadense reveals the positive
role of GhWAKS in salt tolerance. Plant Cell Rep. 44:18.
https://doi.org/10.1007/s00299-024-03407-4

Zhangjin, R.K. Soothar, S.U. Shar, B. Alharthi, [.A. Shaikh,
M. Laghari, J.D. Suthar, A. Samoon, N.A. Jamali, S.
Fiaz, A.S. Soomro, T.A. Shah, and B.K, Ram. 2025.
Responses of cotton yield and water productivity to
irrigation management: assessment of economic costs,
interactive effects of deficit irrigation water and soil
types. Discov. Life. 55:1. https://doi.org/10.1007/s11084-
024-09677-y

Zhao, P., X. Yao, C. Cai, R. Li, J. Du, Y. Sun, M. Wang, Z.
Zhou, Q. Wang, D.J. Kliebenstein, S.-S. Liu, R.-X. Fang,
and J. Ye. 2019. Viruses mobilize plant immunity to deter
nonvector insect herbivores. Sci. Adv. 5(8):eaav9801.
https://doi.org/10.1126/sciadv.aav9801

Zia, K., M. Ashfaq, M.J. Arif, and S.T. Sahi. 2011. Effect of
physico-morphic characters on population of whitefly
Bemisia tabaci in transgenic cotton. Pakistan J. Agric.
Sci. 48(1):63-69.

72



