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Abstract

Withanolides, a group of naturally occurring steroid lactones found in the
Solanaceae family, have garnered attention for their diverse biological
activities, including their potential role in plant defense against biotic stress.
This article reviews current research on the mechanisms through which
withanolides contribute to the plant's ability to withstand biotic stressors,
such as pathogens and herbivores. The antimicrobial properties of
withanolides are explored, along with their impact on herbivore feeding ]
behavior. Additionally, the article delves into the molecular aspects of H&ff i N
withanolides, investigating their ability to induce defense pathways, : {-,;;:
modulate oxidative stress, and enhance systemic resistance in plants. o8 41 B2 9 80 T B Y e
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INTRODUCTION

Large, varied arrays of organic compounds produced by plants seem to have no direct role in their
growth and development. We refer to these compounds as secondary metabolites. Another way that
secondary metabolites vary from primary metabolites is that they are only found in a limited area of the
kingdom of plants (Karuppanapandian et al., 2011). The adaptive significance was long overlooked, but
more recently, it was discovered that they play more ecological roles in plants, such as acting as pollinator
attractants, agents of plant-plant competition, and providing defense against pathogens through the PR
(Pathogenesis related proteins). Three classes of secondary metabolites can be broadly distinguished:
nitrogen-containing compounds, polyphenols, and terpenoids (Lee et al., 2021).

Ashwagandha (Withania somnifera) is an important medicinal crop belonging to the Solanaceae
family. Its roots and leaves contain withanolides which are triterpenoid steroidal lactones. Ashwagandha
is reputed to have numerous health benefits like sleep inducing, anti-tumor, anti-stress, Alzheimer’s, anti-
microbial, hepatoprotective etc. Withanolides are formed in cytosol from sitosterol and stigmasterol via

Mevalonic acid pathway (MVVA) from acetyl CoA as the precursor (Schulze et al., 2019).
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BIOTIC STRESS

Throughout their lives, plants are frequently threatened by pest infestation, herbivore attack, and
pathogen infection (such as bacteria, fungi, viruses, and nematodes), all of which stunt the growth and
development of the plant. Crop productivity and biomass production are both adversely affected by biotic
stress. Plants have to evolve specific mechanisms to withstand these harsh environmental conditions
because they are sessile. Plants under biotic stress experience a range of physiological, biochemical,
molecular, and metabolic changes (Xu et al.,2009). Reactive oxygen species (ROS) generation is one of
the key alterations that are seen in response to herbivore and pathogen attack. The four main categories of
ROS that have been documented thus far are singlet oxygen, hydroxyl radicals, superoxide anion, and
hydrogen peroxide (H202).

Secondary metabolites have a direct bearing on how well a plant withstands biotic stress. Thus,
alterations in the activity of distinct enzymes and genes within the biosynthetic pathway of withanolides
in Ashwagandha would correspondingly affect the plant's ability to withstand, resist, and be susceptible to

biotic stress.

MORPHO-PHYSIOLOGICAL APPROACH OF WITHANOLIDES AGAINST
BIOTIC STRESS IN ASHWAGANDHA

i) Antimicrobial Properties: Studies have indicated that withanolides possess antimicrobial qualities. They
might support plants' defenses against pathogens like fungi, bacteria, and viruses. These substances have
the ability to function as natural antibiotics, preventing the growth and spread of dangerous microbes.

i) Antifeedant activity: Withanolides may have an antifeedant effect, preventing pests and herbivores
from feeding on plants. Herbivore damage can be lessened and the plant can be shielded from
consumption by herbivores due to their toxic or bitter taste.

iii) Induction of Defense Pathways: By causing the expression of several defense-related genes,
withanolides can set off the plant's defense mechanisms. This involves initiating processes that result in
the synthesis of defense compounds and secondary metabolites like phytoalexins, which help the plant
withstand biotic stress.

iv) Modulation of Oxidative Stress: Because withanolides are antioxidants, they can protect plants from
pathogen-induced oxidative stress. Withanolides have the potential to improve a plant's resistance to
biotic stress-related oxidative stress by scavenging reactive oxygen species (ROS).

v) Enhancement of Systemic Resistance: Withanolides influence plants' ability to develop systemic
resistance. This implies that these compounds can cause a systemic reaction in a single section of a plant,

readying the entire plant to fend off infections in the future.
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vi) Signaling: Withanolides may interact with a number of signalling pathways that are involved in the
defense responses of plants. Through these interactions, genes linked to defence mechanisms may have
their expression altered, giving the plant greater resistance to biotic stressors.

MOLECULAR APPROACH OF WITHANOLIDES AGAINST BIOTIC STRESS
IN ASHWAGANDHA

Several downregulatory and overexpression studies were carried out to determine the association
between biotic stress and withanolides. Squalene synthase (SQS) is a crucial regulatory enzyme in the
pathway leading to the biosynthesis of withanolides. Viral induced gene silencing (VIGS) is a potential
tool to silence the squalene synthase gene. This results in a significant decrease in squalene and a
subsequent downregulation of stigmasterol, sitosterol, and campesterol, which decreases the amount of
withanolides and increased susceptibility to biotic stress.

One transcription factor that has a direct connection to ashwagandha's withanolide content is
WRKY. VIGS on WRKY resulted in a decrease in PR proteins and an increase in the susceptibility of
plants to fungi and bacteria. In the WRKY-VIGS plants, the preference index of infection was
significantly higher than in the control group. Reduced transcripts of phytosterol pathway genes and a
corresponding decrease in phytosterols and withanolides in Withania somnifera were the outcomes of
WsWRKY1 silencing, which also caused stunted plant growth. Its overexpression increased the
biosynthesis of triterpenoids in tobacco and tomato (phytosterols) and W. somnifera (withanolides and
phytosterols) (Singh et al., 2017). Furthermore, WsSWRKY1 directly regulates the triterpenoid pathway
by binding to W-box sequences in the promoters of Withania somnifera genes encoding squalene
synthase and squalene epoxidase. Furthermore, WSWRKY1 overexpression in tobacco resulted in
enhanced biotic stress tolerance, whereas its silencing in Withania somnifera compromised the tolerance
to bacterial growth, fungal infection, and insect feeding (Suman et al., 2021).

SMT 1 (Sterol Methyl Transferase 1) gene is involved in the first committed step of sterol
biosynthesis. SMT 1 was downregulated using RNAi (RNA interference) technology. As a result, there
was reduction in withanolide biosynthesis that lead to compromised tolerance to biotic stress. When
Cytochrome gene CYP450 was silenced using VIGS there was decreased withanolide content and PR
proteins were negatively and thus bacterial infection resistance was compromised in Ashwagandha plants.
It was concluded that upon VIGS application on squalene synthase gene which is a important gene in the
biosynthetic pathway of withanolide formation, the overall biotic stress tolerance was greatly reduced
(Singh et al.,2015) (Shipashree et al., 2022).

CONCLUSION
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The production of withanolides directly increases resistance to biotic stress. The genes that have
been identified may also be used to metabolically engineer ashwagandha in order to specifically enhance
specific withanolides in cell cultures or throughout the entire plant. It is important to note that research on
withanolides and their role in plant biotic stress is an ongoing area of study, and further research is needed
to fully understand the specific mechanisms involved and their potential applications in agriculture and
plant protection. Given its ability to improve general wellbeing and address complex chronic metabolic

inflammatory conditions, phytotherapy would be very popular in the future.
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