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Herbal medicine has played a key role in health care all over the world by treating major diseases.
But its efficacy can be hindered by both environmental factors and pests. Biotic stresses can damage
plants and reduce their production of valuable molecules, like compounds that are important for
human health. Dryness and high temperatures associated with abiotic stresses, can interfere in the
good productivity of plant health on medicinal components. For addressing such a complex, only
an integrative gene-molecular strategy that embraces both the stress biology and DNA barcoding
could be fruitful. Plants and stress biology: Stress biology studies how plants respond to various
stresses, while DNA barcoding is used in the identification of plant species with unique medicinal
qualities. This technique helps to find out which plant types are grown under adverse conditions by
saving medicinally biomass in various zones.This technique has enormous potential for the future,
leading in unique plant types that are more resistant to both biotic and abiotic stresses, assuring a
steady supply of high-quality medical plants and protecting valuable plant species from
environmental change.
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1. Introduction

Medicinal plants have long been a useful resource for human health and well-being, including
a diverse spectrum of bioactive chemicals that have been used for therapeutic purposes (Li et
al. 2021). These plants have developed complicated metabolic pathways that generate
secondary metabolites, which frequently play critical roles in their defense against
environmental stresses. Understanding the stress biology of medicinal plants is thus critical
for improving cultivation and guaranteeing the consistent quality and efficacy of plant-based
medications (Reshi et al., 2023). DNA barcoding, a technique for identifying species using
short, standardized DNA sequences, has emerged as an effective tool for authenticating
medicinally valuable plants (Chen et al. 2010). DNA barcoding, by offering a reliable
technique of distinguishing between morphologically similar species, can serve to assure the
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authenticity and quality of raw plant materials used in the creation of herbal treatments and
nutritional supplements (Techen et al., 2014). This method is especially useful in the field of
medicinal plant conservation, where correct species identification is critical for long-term
management of wild populations.(Houghton, 1998). Recent research has shown that DNA
barcoding has the potential to address issues in the medicinal plant trade, such as adulterant
identification and cross-border shipment tracking (Techen et al., 2014; Veldman et al., 2014;
Chen et al., 2010). These research have shown that several DNA barcoding markers, such as
the internal transcribed spacer 2 region, can be used to reliably identify medicinal plant
species. Furthermore, the combination of next-generation sequencing technology and DNA
barcoding has increased the approach's capabilities, allowing for the quick and cost-effective
identification of complex plant mixes (Cabelin & Alejandro, 2016). As the need for plant-
based medicines grows, integrating stress biology and DNA barcoding will be critical to ensure
the long-term and responsible usage of medicinal plants (Moraes et al., 2015). Researchers
and industry stakeholders may collaborate to secure the long-term production, quality control,
and safe use of medicinal plant-based products by combining our understanding of stress
biology and the power of DNA barcoding (Palhares et al., 2015).

Stress Biology in Medicinally Significant Plants

Medicinal plants are frequently exposed to a variety of abiotic and biotic stressors, which can
have a substantial impact on their growth, development, and synthesis of bioactive chemicals.
Abiotic stressors, such as drought, temperature extremes, salt, and heavy metal contamination,
can cause physiological and biochemical reactions in plants, resulting in the accumulation or
depletion of secondary metabolites (Singh et al., 2011). Drought stress, for example, can
stimulate the creation of antioxidant molecules, but heavy metal exposure can interfere with
the manufacture of specific therapeutic compounds. Herbivory, pathogen infection, and
competition with other plants are all examples of biotic stressors that can impact medicinal
plants' metabolic pathways, frequently leading to the overexpression of defense-related
secondary metabolites (Mahajan et al., 2020). Understanding how these varied pressures affect
the stress biology of medicinal plants is critical for optimizing cultivation, guaranteeing
consistent quality of plant-derived medications, and establishing strategies for the long-term
use of these precious natural resources (Debnath et al., 2011). Recent advancements in omics
technologies, including as genomes, transcriptomics, proteomics, and metabolomics, have
revealed unparalleled insights into the intricate mechanisms by which medicinal plants react
to environmental challenges (Zhang et al., 2023). These integrative approaches allowed for
the identification of important genes, proteins, and metabolites involved in the stress response,
as well as the explanation of the regulatory networks that govern these processes (Pérez-
Clemente et al., 2013). By using these sophisticated analytical methods in the study of medical
plant stress biology, researchers can discover novel targets for genetic engineering, establish
biomarkers for assessing plant quality, and build more effective strategies for the sustainable
production of medicinal plants (Debnath et al., 2011). In response to abiotic conditions such
as drought, plants may upregulate pathways that create antioxidant molecules in order to
reduce oxidative damage. Similarly, heavy metal exposure can affect the creation of important
therapeutic molecules by interfering with critical biological processes (Mourato et al., 2012).
At the molecular level, stress signals activate transcription factors, which then regulate the
expression of genes involved in stress response and secondary metabolism (Valiante, 2017).
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These dynamic physiological and molecular adaptations enable medicinal plants to change
their metabolic profiles in response to environmental constraints, hence influencing bioactive
component yield and quality (Hurmat et al., 2020). Drought stress, for example, can stimulate
the production of antioxidant compounds, such as flavonoids and terpenoids, which help the
plant defend against oxidative damage. Heavy metal exposure, on the other hand, can cause
the depletion or alteration of specific medicinal secondary metabolites by disrupting the
normal functioning of enzymes involved in their biosynthesis (Lajayer et al., 2017).

Furthermore, biotic stressors such as herbivory or pathogen infection can cause an elevation
of defense-related secondary metabolites like as alkaloids and glucosinolates, which can either
increase or decrease the production of desired medicinal chemicals (Zaynab et al., 2018). The
specific impact of stress on secondary metabolite profiles varies greatly among medicinal plant
species and even between cultivars, emphasizing the importance of understanding each plant's
unique stress biology in order to optimize cultivation and ensure consistent quality of plant-
derived medicines (Pant et al., 2021)

DNA Barcoding for Plant Identification

DNA barcoding is a technology that uses short, standardized DNA sequences to identify
species. This method has developed as an effective technique for identifying medicinally
valuable plants. By offering a reliable technique of distinguishing between morphologically
similar species, DNA barcoding can help to assure the authenticity and quality of raw plant
materials used in the creation of herbal medicines and dietary supplements (Mishra et al.,
2015). The principles and methods of DNA barcoding involve the use of these standardized
DNA sequences to accurately identify plant species. This is particularly valuable in the context
of medicinal plant conservation, where sustainable management of wild populations relies on
accurate species identification (Cabelin & Alejandro, 2016) (Das, 2019). While DNA
barcoding has become an effective technique for plant systematics and identification, it is not
without limitations and obstacles. The success of DNA barcoding is dependent on the
availability of complete DNA sequence databases for plant species, which can be limited,
particularly for less-studied or uncommon plants. Furthermore, selecting acceptable DNA
barcoding markers might be difficult, as some regions may not give enough precision to
distinguish closely related species (Hollingsworth, 2011). Furthermore, intraspecific genetic
diversity, hybridization, and polyploidy in plants can make DNA barcoding difficult,
complicating species identification. Despite these limitations, DNA barcoding is still a useful
tool, especially when combined with additional identification methods, such as morphological
analysis, to ensure precise and trustworthy plant identification (Lahaye et al., 2008) .

Integrative Approaches to Stress Biology and DNA Barcoding

A thorough understanding of therapeutic plants can be achieved through an integrative strategy
that integrates DNA barcoding technology with our understanding of stress biology. In order
to guarantee the sustainable production, quality assurance, and safe application of medicinal
plant-based products, researchers and industry stakeholders can collaborate by utilizing both
the insights into physiological and molecular responses to diverse stresses and the capacity to
reliably identify plant species.

(Quality Control for Medicinal Plants, 2012). For example, a study on Panax ginseng, a
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popular medicinal plant, shows how an integrative strategy could aid in its development.
Researchers employed DNA barcoding to authenticate the species and detect adulteration, as
well as to study the plant's physiological and molecular responses to drought and temperature
stress. This enabled them to devise techniques for increasing the synthesis of essential
bioactive molecules like ginsenosides while assuring the consistency of raw materials (Kong
et al., 2023). Similarly, a study on Salvia miltiorrhiza, a traditional Chinese medicinal herb,
used DNA barcoding to analyze the plant's stress-induced alterations in secondary metabolite
profiles. This method helped to understand how environmental conditions, such as heavy metal
contamination, could affect the yield and content of the plant's medicinally significant
components (Mishra et al., 2015). By utilizing such integrative approaches, the herbal
medicine and dietary supplement industries can capitalize on the strengths of DNA barcoding
and stress biology to address the challenges of authenticating and ensuring the quality of plant-
derived products, ultimately contributing to the safe and effective application of medicinal
plants (Moraes et al., 2015).

Advances in Omics Technologies for Stress Biology and DNA Barcoding

The rapid advancement of omics technologies, including genomics, transcriptomics,
proteomics, and metabolomics, has significantly enhanced our understanding of stress biology
in medicinal plants (Cramer et al., 2011). These high-throughput techniques provide a
comprehensive view of the molecular mechanisms underlying plant responses to various
environmental stresses, enabling the identification of key genes, proteins, and metabolites
involved in stress adaptation and secondary metabolite production (Debnath et al., 2011)For
instance, transcriptomic studies have revealed the complex gene expression patterns associated
with drought, heat, and pathogen stress in medicinal plants, providing insights into the
regulatory networks governing the biosynthesis of therapeutic compounds (Zhuang et al.,
2014). Proteomic analyses have uncovered stress-responsive proteins and post-translational
modifications that can modulate the activity of enzymes involved in secondary metabolite
pathways (Pandey, 2017) Furthermore, metabolomic approaches have enabled the profiling of
stress-induced changes in the accumulation of medicinal compounds, helping to optimize
cultivation practices and ensure product quality (Jiménez-Garcia et al., 2013).Similarly, the
advent of next-generation sequencing technologies has revolutionized DNA barcoding,
allowing for the generation of comprehensive DNA sequence databases and the development
of robust identification methods (Hebert et al., 2009) . These advancements have facilitated
the reliable authentication of medicinal plants, even in processed or adulterated samples, by
providing a means to accurately identify the source plant material, regardless of its physical
form or processing state (Zhao et al., 2006). By integrating the insights gained from these
omics-based approaches to stress biology with the power of DNA barcoding, researchers and
industry stakeholders can work collaboratively to address the challenges facing the medicinal
plant and dietary supplement sectors (Moraes et al., 2015).

Future Perspectives and Directions

As the use of medicinal plants and plant-derived products continues to grow globally, the need
for reliable identification, quality control, and sustainable production becomes increasingly
urgent. The integration of DNA barcoding and stress biology, empowered by advancements
in omics technologies, offers a promising path forward to address these challenges.
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Several key areas of focus can help drive progress in this field:

1)The continuous expansion and curation of comprehensive DNA sequence databases for
medicinal plants is crucial. This will require coordinated efforts by researchers, taxonomists,
and industry partners to collect, sequence, and accurately annotate plant samples, ensuring the
availability of reliable reference data for DNA barcoding.

2)The development of user-friendly, cost-effective, and widely accessible DNA barcoding
tools and protocols will facilitate the adoption of this technology by stakeholders along the
medicinal plant supply chain, from cultivators to manufacturers and regulators.

3) The integration of DNA barcoding with other analytical techniques, such as metabolomics
and proteomics, can provide a more holistic understanding of medicinal plant quality and
consistency. By coupling the species-level identification capabilities of DNA barcoding with
the insights into the biochemical composition and stress responses of plants, researchers and
industry can work collaboratively to optimize cultivation practices, ensure product quality, and
safeguard consumer health.

4) The establishment of international standards and guidelines for the use of DNA barcoding
in the medicinal plant and dietary supplement industries will help streamline its
implementation and acceptance.

5) Regulatory bodies, industry associations, and scientific organizations can work together to
develop harmonized protocols and best practices, ensuring the consistent and reliable
application of this technology.

2. Conclusion

DNA barcoding, coupled with advancements in stress biology and omics technologies, offers
a powerful and versatile approach to addressing the challenges facing the medicinal plant and
dietary supplement industries. By leveraging the strengths of these complementary fields,
stakeholders can work towards the reliable identification, quality control, and sustainable
production of plant-derived products, ultimately contributing to the safe and effective use of
medicinal plants worldwide (Techen et al., 2014). In conclusion, the integration of DNA
barcoding and stress biology, empowered by advancements in omics technologies, holds great
promise for strengthening the quality, safety, and sustainability of medicinal plants and plant-
derived products. By fostering collaborative efforts among researchers, industry stakeholders,
and regulatory agencies, the medicinal plant sector can harness the power of these innovative
approaches to meet the growing global demand for high-quality, authentic, and safe plant-
based therapeutics.
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