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ABSTRACT

One of the main plant protein superfamilies is comprised of the WRKY transcription factor (TF).
Plant stress responses are linked to transcriptional reprogramming, which is regulated in part by
the WRKY TF gene family. Alterations in the ways that WRKY genes express themselves or alter
how they function; take part in the development of several signaling pathways and regulatory
networks. The development of gametes, seed germination, post-germination growth, stem
elongation, root hair growth, leaf senescence, flowering period, and plant height are all
influenced by WRKY proteins. Furthermore, they are important in a variety of environmental
signals, such as those related to biotic stressors, temperature, salinity, drought, and cold. This
review will refine reader knowledge about the role of the WRKY transcription factor that
switches to tolerate the drought, temperature, and salinity stress in plants.

Keywords: Transcriptomics analysis, metabolomic regulations, overexpression, stress signaling,
tolerance

INTRODUCTION important crops, the increased exposure of
A family of transcription factors (TFs) known plants to diverse stresses including severe
as the WRKY family is extensively distributed temperatures, droughts, and salinity has a
in plants and is involved in both biotic and substantial impact on plant/crop growth and
abiotic stress management as well as plant output.

growth and development. A global hazard to
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Numerous TF genes aid in a plant’s ability to
endure harsh environments and continue to be
viable genetic candidates for extensive
application in crop development. WRKY TFs
are significant molecular switches that assess
how plants develop and control how they react
to different types of stress (Kapoor et al.,
2020).

Genetic engineering has significantly
altered the agronomic characteristics of crops
and is thought to be an alternative to
enhancing stress tolerance. Genes responding
to abiotic stressors have been identified as
many genes encoding TFs, functional proteins,
and proteins involved in signal transduction
pathways (Cohen et al., 2021). Several TF
families, which are exclusive to plants and
have significant and distinct roles, including
WRKY, AP2 (APETLA2)/ERF (ethylene
responsive  factor), and NAC (NAM,
ATAF1/3, and CUC1/2) (Jiang et al., 2017).
Drought stress linked with WRKY TFs

When plants are exposed to different
stressors or defense signals, such as salicylic
acid (SA) or other chemicals, the expression of
WRKY TF is stimulated. Apart from the rapid,
transient, and tissue-specific expression of
WRKY TF, WRKY proteins perform a variety
of roles in plant defenses against various
stresses, such as drought, plant growth,
development, metabolism, trichome and
embryonic morphogenesis, senescence,
biosynthesis, and hormonal signal regulation
(Wei et al., 2017; Zaib et al., 2023a, 2023b).

Significant roles that the WRKY TFs
play in responding to and adapting to drought
stress. In A. thaliana, overexpression of
AtWRKY57 led to an increase in drought
tolerance. Research has indicated that
transgenic rice O. sativa plants may be able to
withstand drought conditions thanks to the
Arabidopsis WRKY57 transcription factor.
Drought, salinity, and polyethylene glycol
(PEG) tolerance were all improved in rice
when  AtWRKY57 was overexpressed,
suggesting a  potential  function  for
AtWRKY57 in crop growth (Jiang et al.,
2016). MaWRKY80 was shown to be a
transcription factor (TF) that could bind to the
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W-box in A. thaliana and was found to be up-
regulated under drought-stressed
circumstances. Under  drought  stress,
MaWRKYB80 overexpression demonstrates
better phenotypic morphology, improved
survival, a lower rate of water loss, and a
lower level of malondialdenyde (MDA) than
WT (wild-type).

Temperature stress linked with WRKY TFs

A precise balance between production
and clearance controls  ROS-mediated
signaling, which is controlled by oxidative
stress, a severe stressor brought on by a range
of stressors (Salvucci et al., 2001; Zaib et al.,
2023c, 2023d, 2023e; Raza et al., 2023). In
plants, reactive oxygen species come in four
different forms: superoxide anions, hydroxyl
radicals, hydrogen peroxide, and oxygen.
When A. thaliana is treated with hydrogen
peroxide, several WRKY TFs (WRKY6,
WRKY30, WRKY22, WRKY8, WRKY53,
WRKY48, WRKY39, and WRKY75) become
activated (Jiang et al., 2017). Research has
shown that in A. thaliana, treatment with H,O,
induced higher expression of genes that could
react to a higher temperature (WRKYS®,
WRKYS8, WRKY22, WRKY30, WRKY39,
WRKY48, WRKY53, and WRKY75) (Chen et
al., 2010).

It has been demonstrated that
OsWRKY42 functions as a significant
negative regulator of oxidative stress; in rice,
overexpression of OsWRKY42 leads to an
increase in the buildup of ROS (Han et al.,
2014). Malonaldehyde (MDA) accumulation
was reduced in wheat when TaWRKY10 was
overexpressed, and low MDA was linked to a
low rate of lipid peroxidation. This shows that
because of the enhanced expression of
TaWRKY10, which resists decreased heat
damage, the transgenic seedlings displayed
great resistance to oxidative stress. When A.
thaliana is subjected to oxidative stress, it has
been discovered that the AtWRKY28 controls
the expression of downstream-associated
genes through ROS (Niu et al, 2012)
CIWRKY20 is a member of the WRKY
family's third group, and it has been
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discovered that its intracellular location is in
the nucleus.
Cold stress linked with WRKY TFs

Cold stress, defined as temperatures
below 20°C and freezing below 0°C, hurts
plant growth and development and
significantly reduces agricultural output (Ali et
al., 2021, 2022a, 2022b). Plants use a variety
of physiological, defensive, and molecular
response mechanisms to adjust their tolerance
to cold stress, chilling, and freezing.
Numerous genes that react at the
transcriptional level to cold stress have been
found through the analysis of regulatory
mechanisms in plants (Ritonga et al., 2021).
Numerous WRKY TFs are known to
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significantly impact different species' ability to
withstand cold stress. According to recent
research, seedling viability is increased in
transgenic lines of Arabidopsis overexpressing
CsWRKY46 and cucumber WRKY when
frozen at 4°C.

Under -20°C, overexpression lines
showed superior surveillance compared to WT
after 80 minutes and up to 72 hours. Compared
to WT plants, the over-expressing plant lines
exhibited reduced ion content leakage. It is
possible to infer from this that overexpression
lines have greater membrane stability
(Yokotani et al., 2013; Ali et al.,, 2022c,
2022d).

Table 1. Impact of WRKY Transcription Factors on Cold Stress Tolerance in Plants

WRKY TF Species Impact on Cold Stress Tolerance Reference
CsWRKY46 Arabidopsis Increased seedling viability when Yokotani et al.,
overexpressed 2013
Cucumber Cucumber Enhanced tolerance to freezing at 4°C in Yokotani et al.,
WRKY transgenic lines 2013

Superior surveillance under -20°C for
overexpression lines 2013

Reduced ion content leakage compared to
wild-type plants 2013

Yokotani et al.,

Yokotani et al.,

Salinity stress linked with WRKY TFs
Salinity refers to the concentration of
dissolved salts in water, typically measured in
parts per thousand (ppt). According to recent
research, overexpressing AtWRKY46 in
Arabidopsis during salt stress promotes root
growth by ABA signaling regulation.
Furthermore, transgenic Arabidopsis plants'
leaves and roots exhibit greater resistance to
salt stress when GhWRKY34 (G. hirsutum) is
overexpressed because it improves the plant's
capacity to selectively absorb Na+ and K+ and
maintain low Na+/K+ levels (Dai et al., 2016).
Transgenic  Arabidopsis plants expressing
GMWRKY54 (WRKY soybean) exhibit salt
tolerance; Zhou et al. (2008) reported that
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over-expressing lines exhibited 70% survival
under 180 mM NaCl treatment, compared to
25% survival for WT plants.

In A. thaliana, overexpression of
MxWRKY?55 resulted in elevated proline and
chlorophyll levels along with enhanced
activity of catalase (CAT), peroxidase (POD),
and superoxide dismutase (SOD).
Malondialdehyde (MAD) levels were also
decreased in A. thaliana when MxXWRKY55
was present, especially in response to salt
stress. Furthermore, Han et al. (2020) observed
that transgenic A. thaliana with overexpression
of MXWRKY55 exhibited increased root mass,
length, chlorophyll, and iron content in
comparison to WT. These characteristics have
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shown that MxWRKY55 can contribute
favorably to the processes of salt resistance,
high Fe resistance, and low Fe content.
According to another study, salt and iron had
an impact on the growth and development of
M. xiaojinesis, a Chinese semi-dwarf apple
(Zubair et al., 2023a, 2023b).

WRKY TFs are considered as key
regulators for plant growth and
development

One of the biggest TF families in
plants, the WRKY TF plays a vital role in the
growth and development of plants in addition
to regulating defense and stress response.
Different plant species have been shown to
have multiple WRKY genes that support
growth and development (Zhang et al., 2017).
The genes AtWRKY28, AtWRKY2, and
AtWRKY 34 are involved in seed germination,
early growth following germination, pollen
tube expansion, macrospore destiny, and
pollen production. A key factor in seed
germination is AtWRKY2, a knockout mutant
with high ABA sensitivity (Jiang and Yu,
2009). By controlling ROS clearance and
osmotic buildup, VVWRKY30 overexpression
in Arabidopsis enhanced resistance to salt
stress at different growth stages (Zhu et al.,
2019; Ali et al., 2023a, 2023b).

Based on stress-related WRKY in
rubber trees, a novel WRKY TF known as
HbWRKY82 was discovered. Nuclear proteins
encode this TF, which has a significant role as
a transcriptional  activator. HbWRK82
transcriptional  activity is induced by
exogenous ethrel and ABA stimulation. These
genes are significant transcriptional regulators
in three and in response to abiotic stress and
ABA-mediated leaf senescence (Kang et al.,
2021). In Arabidopsis and several other plant
species, the WRKY70 has a negative role in
abiotic stress signaling and is implicated in
biological stress as a positive regulator. By
analyzing MfWRK70 from M. flabellifolia in
Arabidopsis model plants, the nucleus was
found to be the location of MfWRKY70
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(Zeeshan et al.,, 2023; Riaz et al., 2022a,
2022b, 2022c).

CONCLUSION

In conclusion, the role of WRKY transcription
factors (TFs) in molecular switches for
tolerating drought, temperature, and salinity
stress in plants is crucial for understanding
plant stress responses and developing
strategies for crop improvement. The WRKY
TF gene family is a key player in
transcriptional ~ reprogramming, regulating
various signaling pathways and regulatory
networks involved in plant  growth,
development, and stress tolerance. WRKY TFs
have been implicated in  numerous
physiological processes, including gamete
development, seed germination, growth,
senescence, and flowering, and are crucial for
environmental stress responses such as
drought, temperature extremes, and salinity.
Through transcriptomics analysis,
metabolomic regulations, and overexpression
studies, WRKY TFs have been shown to
modulate stress signaling pathways and
enhance stress tolerance in plants. Their
involvement in responding to drought,
temperature, and salinity stress is well-
documented, with instances of WRKY TF
overexpression leading to improved stress
tolerance  in  various plant  species.
Additionally, WRKY TFs play significant
roles in regulating ROS-mediated signaling
under temperature stress and have been
implicated in enhancing cold tolerance in
plants. Understanding the multifaceted roles of
WRKY TFs in stress responses and plant
development is essential for developing crop
varieties resilient to environmental challenges,
ultimately contributing to global food security
and agricultural sustainability.
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