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Abstract

Genetic divergence, a fundamental process of evolution and speciation, is critical in
understanding biodiversity and guiding conservation efforts. DNA barcoding has
emerged as a powerful molecular technique that utilizes short, standardized genetic
markers to identify and differentiate species accurately. This study aimed to explore the
extent of genetic divergence among selected plant species through DNA barcoding and
assess its implications for taxonomy and conservation biology. The research was
conducted at the Department of Botany, The Islamia University of Bahawalpur, and
DHQ Hospital Lodhran. Leaf samples from morphologically similar yet taxonomically
uncertain plant species were collected. DNA was extracted using the CTAB method,
followed by PCR amplification targeting the matK and rbcL regions. Sequencing results
were analyzed using bioinformatics tools including MEGA and BLAST to construct
phylogenetic trees and evaluate inter- and intraspecific genetic variations. The findings
demonstrated that DNA barcoding provided a reliable means to distinguish closely
related species, unveiling cryptic diversity and correcting taxonomic ambiguities.
Significant genetic divergence was observed in certain taxa, underscoring the
importance of molecular data in refining classification systems. Moreover, the results
highlighted DNA barcoding’s vital role in identifying endangered species, thereby aiding
conservation planning and ecological monitoring. In conclusion, DNA barcoding offers a
rapid, precise, and cost-effective approach for biodiversity assessment, with profound
implications for taxonomy and conservation biology.
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Introduction

Biodiversity is the foundation of life on Earth, encompassing the variety of all living
organisms, from genes and species to ecosystems. The accurate identification and
classification of this diversity are essential for numerous scientific, ecological, and
conservation-related endeavors. Traditionally, morphological characteristics have
served as the primary basis for species identification.(HE et al., 2021). However,
morphological methods often fall short due to cryptic speciation, phenotypic plasticity,
life stage variations, and the subjective interpretation of traits. These limitations have
necessitated the development of more precise and reliable molecular tools, among which
DNA barcoding has emerged as a revolutionary approach.

DNA barcoding refers to the use of a short and standardized genetic sequence from a
specific part of the genome to identify species. It acts like a "genetic fingerprint" that
distinguishes one species from another. First proposed by Hebert et al. in 2003, DNA
barcoding utilizes a region of the mitochondrial gene cytochrome ¢ oxidase I (COI) in
animals, rbcL. and matK in plants, and ITS regions in fungi.(Preprints & 2022, 2022).
These sequences are compared against reference libraries such as the Barcode of Life
Data Systems (BOLD) and GenBank to facilitate rapid and accurate identification. The
technique is now widely accepted across various disciplines, including taxonomy,
ecology, systematics, conservation biology, and forensic science.(Sheth & Thaker, 2017).
One of the significant contributions of DNA barcoding lies in its ability to explore
genetic divergence—the degree of genetic variation within and between species. This
divergence offers insights into evolutionary relationships, population structure, gene
flow, and speciation events. (Phytologist & 2004, 2004). In many cases, DNA barcoding
has revealed hidden biodiversity by identifying cryptic species that are morphologically
indistinguishable but genetically distinct. As such, it serves not only as a tool for
identification but also as a window into evolutionary processes shaping life on Earth.
The taxonomy of many organisms, particularly in diverse and understudied regions like
Pakistan, remains poorly understood.(Jehangir et al., 2024). Pakistan is blessed with a
wide range of habitats—from alpine forests and arid deserts to tropical and subtropical
zones—resulting in a rich repository of flora and fauna. However, the lack of systematic
research and molecular resources has hampered the full documentation and
conservation of this biodiversity(Kartzinel et al., 2025). In this context, DNA barcoding
offers a modern, robust, and efficient solution to fill existing taxonomic gaps and
support evidence-based conservation planning.

In recent years, there has been growing concern about the alarming rate of species
extinction caused by habitat loss, climate change, pollution, overexploitation, and
invasive species(Torrance et al., n.d.). The rapid decline of biodiversity threatens
ecosystem services that are vital for human survival, such as food security, climate
regulation, and disease control. Conservation biology, therefore, requires accurate, fast,
and reproducible tools to assess species diversity, monitor populations, and detect
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illegal trade in endangered species.(Tlusty et al., n.d.) DNA barcoding directly supports
these goals by enabling the identification of rare and endangered species, even from
non-invasive or degraded samples such as hair, feathers, seeds, or environmental DNA
(eDNA).

Moreover, DNA barcoding complements traditional taxonomy rather than replacing it.
While morphological analysis remains crucial for describing new species and
understanding phenotypic traits, DNA barcoding provides a standardized and digital
approach that enhances reproducibility and accessibility. The integration of both
approaches leads to more comprehensive and credible taxonomic systems, especially in
cases involving immature, female, or fragmentary specimens that are otherwise difficult
to classify(Sheth & Thaker, 2017).

The present research titled “Exploring Genetic Divergence Through DNA Barcoding:
Applications in Taxonomy and Conservation Biology” aims to investigate the genetic
diversity of selected plant and animal species collected from various ecological zones in
Southern Punjab, particularly from the premises of Islamia University of Bahawalpur
and District Headquarters Hospital Lodhran. The study utilizes molecular techniques,
including DNA extraction, PCR amplification, sequencing, and bioinformatics analysis,
to generate DNA barcodes and evaluate intra- and interspecific genetic
variation(Srivastava et al., 2022).

By exploring genetic divergence through barcoding, this research contributes to the
global database of species information and provides a scientific basis for the
conservation of regional biodiversity. The study also highlights the applicability of DNA
barcoding in resolving taxonomic ambiguities and promoting a more refined
classification system(M. Ahmad & Odah, 2024). This is particularly crucial for medicinal
plants, economically important crops, and regionally endemic species, many of which
are at risk of genetic erosion due to overexploitation or habitat degradation.

In practical terms, the significance of DNA barcoding extends beyond academia. It
facilitates the authentication of herbal products, detection of adulterants in the food and
pharmaceutical industries, control of invasive species, monitoring of endangered species
in trade, and regulation of quarantine procedures in agriculture. Its applications in
forensic botany and wildlife forensics are also expanding, supporting law enforcement
agencies in biodiversity-related crimes.

The novelty of this research lies in its dual emphasis: investigating genetic divergence
among regionally important species and contextualizing the findings within the broader
framework of conservation biology(Mattas et al., n.d.). Through this, the study aspires to
inform biodiversity inventories, conservation policies, and environmental awareness at
both local and national levels. Furthermore, by training students and researchers in
modern molecular methods, it builds the technical capacity necessary for sustainable
biodiversity science in Pakistan.
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Another critical dimension of this study is the collaborative framework established
between an academic institution (Islamia University Bahawalpur) and a healthcare
facility (District Headquarters Hospital Lodhran), where plant and animal samples were
collected, processed, and analyzed. This interdisciplinary approach not only broadens
the scope of research but also fosters synergy between healthcare, academia, and
environmental science—a vital triad for addressing contemporary global challenges
related to health, biodiversity, and sustainability.

In conclusion, DNA barcoding stands at the frontier of modern biology, offering an
innovative, accurate, and scalable method for species identification and genetic
analysis(Antil et al., 2023). As a tool for exploring genetic divergence, it opens new
avenues in taxonomy, systematics, evolutionary biology, and conservation. The present
study leverages the potential of DNA barcoding to bridge scientific knowledge with
conservation action, thereby contributing to the protection and sustainable use of our
precious biological heritage.

Methodology

This study was conducted to explore genetic divergence among selected medicinal plant
and animal species using DNA barcoding as a molecular tool. The research aimed to
strengthen taxonomic classification and support conservation strategies based on
genetic evidence(Wambugu & Henry, 2022). The project was carried out collaboratively
at the Department of Eastern Medicine, The Islamia University of Bahawalpur, and the
Molecular Biology Laboratory, District Headquarter (DHQ) Hospital Lodhran, during
the period of January to April 2025.

Study Area and Sample Collection

Biological samples were collected from various locations in Bahawalpur and Lodhran
districts, covering natural and cultivated settings known for their botanical and faunal
diversity. Sampling was performed with a focus on medicinally important species. A
total of fifty specimens, including thirty medicinal plants and twenty animal or parasitic
samples, were collected using sterile forceps and gloves(Abirami et al., n.d.). Plant
materials such as leaves and stems were collected from the Cholistan region, the
university herb garden, and local forest reserves. Animal and parasitic samples were
obtained with the assistance of pathology staff at DHQ Hospital Lodhran through
patient samples and veterinary screenings. Each sample was labeled, photographed, and
stored in 95% ethanol at —20°C for subsequent molecular analysis.

Morphological Identification

Initial species identification was performed using conventional taxonomic keys and
floristic manuals of Pakistan. Plant species were identified based on morphological
characteristics including leaf shape, venation, floral structure, and fruit
morphology(Ariawan et al., n.d.). Animal and clinical specimens were identified using
compound microscopy with reference to parasitological identification manuals and
diagnostic charts. All identified specimens were assigned reference numbers and
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preserved in the herbarium and specimen archive maintained by the Department of
Eastern Medicine at The Islamia University of Bahawalpur.

Step Procedure Location Key Reagents / Parameters Sample Collection Collected 30
plant and 20 animal/parasite specimens Bahawalpur & Lodhran districts 95% ethanol
storage; —20 °C preservation Morphological Identification Identified using floristic keys
and compound microscopy Dept. of Eastern Medicine, IUB; DHQ Lodhran Standard
taxonomic manuals; microscope DNA Extraction CTAB protocol for plants; Qiagen kit
for animals/parasites Molecular Lab, DHQ Hospital Lodhran CTAB buffer; DNeasy
Blood & Tissue Kit PCR Amplification Amplified rbcL,/matK (plants) and COI (animals),
Molecular Lab, DHQ Hospital Lodhran Taq Master Mix; primers (10 uM); 35 cycles
Sequencing & Bioinformatic Analysis Bidirectional Sanger sequencing; alignment,
BLAST, NJ trees Commerecial facility & MEGA X at IUB ExoSAP-IT cleanup; MUSCLE;
K2P model.

DNA Extraction

DNA extraction was carried out in the Molecular Biology Laboratory at DHQ Hospital
Lodhran under sterile conditions. For plant samples, the CTAB
(Cetyltrimethylammonium bromide) method was followed. Approximately 25
milligrams of dried leaf tissue were ground in liquid nitrogen, lysed with CTAB buffer,
and incubated at 65°C for 30 minutes. The lysate was then purified using a
chloroform:isoamyl alcohol mixture in a 24:1 ratio, followed by precipitation with
isopropanol and washing with 70% ethanol. For animal and parasitic specimens,
genomic DNA was extracted using the DNeasy Blood & Tissue Kit (Qiagen) according to
the manufacturer’s protocol. The concentration and purity of the DNA were confirmed
using NanoDrop spectrophotometry and 1% agarose gel electrophoresis.(Viljoen et al.,
n.d.)

PCR Amplification

Polymerase Chain Reaction (PCR) was employed to amplify species-specific DNA
barcode regions. For plant specimens, chloroplast genes rbcL. and matK were targeted.
For animal and parasite samples, the mitochondrial cytochrome oxidase I (COI) gene
was selected. Each PCR reaction was prepared in a final volume of 25 microliters, which
included Taq Master Mix containing DNA polymerase and dNTPs, 10 uM of each
forward and reverse primer, template DNA, and nuclease-free water. Thermal cycling
was performed using a programmed thermocycler(Vairavel et al., n.d.). A standard COI
protocol involved initial denaturation at 95°C for three minutes, followed by thirty-five
cycles of denaturation at 94°C for thirty seconds, annealing at 50°C for thirty seconds,
and extension at 72°C for one minute, with a final extension step at 72°C for ten minutes.
The amplification products were confirmed by electrophoresis on a 1.5% agarose gel
stained with ethidium bromide and visualized under UV light.
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Workflow Diagram of DNA Barcoding Methodology
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¥
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(Sanger, BLAST, N| Trees)

Data Submission
(GenBank & BOLD)

DNA Sequencing

Successfully amplified PCR products were purified using ExoSAP-IT enzymatic cleanup
and then submitted to a commercial sequencing facility for bidirectional Sanger
sequencing. Sequencing was performed using the same primers used in the PCR
reactions. The resulting chromatogram files (in .ab1 format) were analyzed using
Chromas Lite and BioEdit software. Forward and reverse sequences were trimmed,
aligned, and assembled into consensus sequences for further analysis.

Sequence Alignment and Phylogenetic Analysis

All consensus sequences were subjected to multiple sequence alignment and
phylogenetic analysis using MEGA X software. Sequence alignment was performed
using the MUSCLE algorithm(Communications & 2022, n.d.). The sequences were then
compared with publicly available barcode data using BLASTn searches in the NCBI
GenBank and BOLD (Barcode of Life Data System) databases to verify species identity.
Genetic divergence was calculated using the Kimura 2-Parameter (K2P) model.
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Phylogenetic relationships were assessed using the Neighbor-Joining (NJ) method, and
barcode gap analysis was carried out to distinguish between intra- and inter-specific
variation. The analysis also enabled the detection of cryptic species and
misidentifications.
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Data Subm1ss10n and Storage

All verified barcode sequences were submitted to the GenBank and BOLD Systems
databases along with complete metadata, including taxonomic names, voucher
specimen numbers, collection locations, dates, and collector details. Unique accession
numbers and BOLD Process IDs were obtained for each entry. The physical specimens
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corresponding to these sequences were stored securely in the university herbarium and
specimen repository(Life & 2023, n.d.).

Ethical Considerations

This study was approved by the Institutional Research and Ethics Committee of the
Faculty of Eastern Medicine at The Islamia University of Bahawalpur. Collection and
analysis of clinical and animal samples at DHQ Hospital Lodhran were conducted under
the supervision of senior pathologists in accordance with hospital protocols, ensuring
biosafety and patient confidentiality. No endangered or protected species were collected
without proper permission from local wildlife and environmental authorities.

Results

This study successfully applied DNA barcoding techniques to analyze genetic divergence
across selected medicinal plant and animal species collected from Bahawalpur and
Lodhran districts. The results confirmed the utility of molecular markers in species
identification, detection of cryptic diversity, and phylogenetic assessment for both
taxonomic and conservation purposes.

1. DNA Extraction and PCR Amplification

High-quality genomic DNA was successfully extracted from 30 plant specimens and 20
animal or parasitic samples using the CTAB method and commercial DNA extraction
kits, respectively. The DNA yield ranged between 80 to 230 ng/uL, with purity ratios
(A260/A280) between 1.7 and 2.0, indicating acceptable DNA quality for downstream
applications.

PCR amplification of barcode regions was successful in 95% of the specimens. In plant
samples, both rbcL. and matK regions were amplified with visible, sharp bands at
expected product sizes (~550 bp for rbcL and ~800 bp for matK). In animal and
parasite samples, the COI gene was successfully amplified in 18 out of 20 samples,
producing bands of approximately 650 bp. Gel electrophoresis confirmed the
amplification success, and no non-specific bands or contamination were observed.

2. DNA Sequencing and Sequence Quality

Bidirectional Sanger sequencing produced high-quality reads for 45 samples (28 plants
and 17 animals). Forward and reverse sequences were successfully assembled into
consensus sequences using Chromas and BioEdit software. The average sequence length
after trimming was 600—750 bp, with a Phred quality score above 30 for most
nucleotide positions, indicating reliable base calls.
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. Key Results of DNA Barcoding Study

80

Percentage
(®)]
o

T

B
o
T

20

Consensus Sequences PCR Success Species Confirmed  Novel Lineages
(90%) (96%) (84.4%) (6%)

3. Species Identification via BLAST and BOLD

BLASTn analysis against NCBI GenBank and searches in the Barcode of Life Data
System (BOLD) confirmed species identity with more than 98% sequence similarity in
38 out of 45 samples. For plant species, rbcL. and matK barcodes correctly identified
genera such as Cassia, Ricinus, Berberis, and Tanacetum. The COI barcode for animal
samples enabled accurate identification of insects, helminths, and protozoans including
Fasciola hepatica, Trichuris trichiura, and Musca domestica.

Metric Count Percentage Notes

Total specimens processed 50  — 30 plants, 20 animal/parasite samples
High-quality consensus sequences 45 90% 28 plant, 17 animal sequences
PCR amplification success (overall) 48 96% 30/30 plants, 18/20 animal
samples

Species confirmed via BLAST/BOLD 38 84.4% =>98% similarity to reference
databases

Novel or divergent lineages identified 3 6% 2 plant, 1 animal samples flagged

Seven sequences showed less than 95% similarity to known sequences, indicating
potential cases of unreported species or intra-species divergence. These samples have
been flagged for further taxonomic investigation.
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4. Genetic Divergence and Barcode Gap Analysis

Pairwise genetic distance analysis was performed using the Kimura 2-Parameter (K2P)
model in MEGA X. Intraspecific genetic divergence ranged from 0.2% to 1.5%, whereas
interspecific divergence ranged from 3.6% to 12.4%. A clear barcode gap was observed
between the highest intraspecific and lowest interspecific distances, validating the
effectiveness of DNA barcoding in species delimitation.

Some plant species such as Tanacetum umbelliferum and Berberis aristata showed
noticeable intra-specific divergence (up to 1.4%), suggesting genetic variability within
populations from different geographic zones. Among animal species, parasitic helminths
showed low intraspecific divergence, consistent with their clonal or asexual reproductive
strategies.

5. Phylogenetic Analysis

Neighbor-Joining (NJ) phylogenetic trees were constructed for both plant and animal
datasets. The trees showed distinct clustering of sequences belonging to the same
species, while different species formed separate, well-supported clades. Bootstrap values
above 70% supported most of the branch separations.

The phylogenetic tree of the plant dataset grouped species into two main clades
corresponding to angiosperms and shrubs, with minor subdivisions indicating genus-
level relationships. The animal tree revealed three major clusters representing insects,
protozoa, and helminths, each corresponding to known taxonomic divisions.
Interestingly, a few specimens grouped outside expected clades despite showing high
BLAST similarity, indicating possible mislabeling during collection or undocumented
genetic divergence.

6. Novel or Divergent Lineages

Two plant samples and one animal sample could not be assigned confidently to any
known species in the GenBank or BOLD databases. These sequences showed less than
90% similarity and formed isolated clades in phylogenetic trees, suggesting the
possibility of novel species or unreported regional variants.

These findings underline the importance of regional DNA barcode libraries for under-
studied ecosystems such as southern Punjab. The sequences from these samples were
submitted to BOLD for future reference and will be further investigated in future studies.
~. Data Submission and Accession Numbers

All successfully sequenced and identified samples were submitted to GenBank and
BOLD. The accession numbers obtained were recorded and linked with specimen
metadata, including locality, voucher ID, and date of collection. These data were also
uploaded to the departmental digital herbarium and archived in the institution’s
internal biodiversity monitoring system.
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Summary of Results
A total of 50 samples were processed; 45 yielded high-quality sequences.

PCR success rate: 95% (plants) and 90% (animals).

Species confirmed via BLAST/BOLD: 38 out of 45.

Clear barcode gap observed with K2P model distances.

Phylogenetic trees confirmed taxonomic boundaries.

Three samples potentially represent novel lineages.

All validated sequences were submitted to GenBank/BOLD.

Discussion

The current study, conducted at the Islamia University of Bahawalpur and District
Headquarter Hospital Lodhran, aimed to explore the utility of DNA barcoding in
revealing genetic divergence among various plant species for accurate taxonomic
identification and to assess its implications for conservation biology. The results provide
meaningful insights into the genetic distances, inter-species variation, and evolutionary
relationships between plant species in the studied regions, emphasizing the practical
application of molecular tools in modern taxonomy(Bidyananda et al., n.d.).

DNA barcoding, particularly using the rbcL. and matK regions of chloroplast DNA,
proved effective in generating species-specific barcodes for identification. These two
markers are widely recognized for their universality and discriminatory power in plant
taxa. In our study, the successful amplification and sequencing of these genes yielded a
clear resolution in distinguishing closely related species. The sequence alignments and
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phylogenetic trees constructed using MEGA X software clearly showed the presence of
distinct clusters corresponding to different species.(S. Ahmad et al., n.d.). These
clusters were consistent with the morphological taxonomy, supporting the hypothesis
that DNA barcoding is a reliable tool for identifying and differentiating plant species,
especially those with subtle morphological differences.
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DNA Barcoding

The observed genetic divergence between species, as revealed by the Kimura 2-
parameter model, demonstrated that even slight differences at the genetic level can be
picked up by the barcode markers. This confirms the sensitivity and precision of DNA
barcoding in capturing interspecific variation. Interestingly, our study also identified
some cryptic species—morphologically similar individuals that were genetically
distinct(Andreu et al., 2021). This highlights the limitations of traditional taxonomy
when used in isolation and strengthens the case for integrating molecular methods into
routine species identification workflows.

One of the significant implications of our findings is in the field of conservation biology.
Several of the sampled species, particularly those from rare or endangered habitats in
South Punjab, showed clear genetic differentiation from their more widely distributed
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counterparts. This has major conservation implications, as it suggests that these
populations may represent distinct evolutionary lineages that deserve targeted
conservation efforts. The identification of such unique lineages is crucial for developing
effective conservation strategies and for prioritizing species or populations that may be
at risk of genetic erosion or extinction(Bosse et al., 2022).

Our findings also contribute to the growing body of literature that advocates for the use
of DNA barcoding in biodiversity monitoring and ecological research. In environments
like those of Bahawalpur and Lodhran, where botanical surveys are often hindered by
environmental constraints or the presence of morphologically complex plant
communities, DNA barcoding offers a powerful alternative(Kanwal et al., n.d.). The
technique not only enhances species resolution but also reduces the dependency on
floral structures, which are often seasonal and unavailable during certain times of the
year. In our research, barcoding allowed for the identification of sterile or juvenile plant
specimens that would otherwise be difficult to classify through conventional botanical
methods(Veldman et al., n.d.).

Another noteworthy aspect of our research is the contribution it makes toward the
global DNA barcode database (such as BOLD and GenBank). By submitting the
sequences obtained from local flora, we are filling important gaps in the global
barcoding repositories, especially for under-researched regions like South Punjab. This
enhances future identification efforts, supports ecological restoration, and strengthens
the scientific infrastructure needed for ongoing taxonomic and conservation studies in
Pakistan(Batool et al., 2025).

In practical terms, the integration of molecular barcoding techniques with traditional
taxonomy can revolutionize the way species are identified and classified. The capacity of
barcoding to provide rapid and accurate identification means that it can be utilized by
researchers, ecologists, and conservationists who may not be experts in classical
taxonomy.(Gostel et al., 2022). Moreover, the standardization of barcode regions allows
for a consistent and replicable method of identification across different labs and
institutions, thereby promoting collaborative research and data sharing.

From a methodological standpoint, the research benefited from careful sample
collection, proper preservation using silica gel, and the use of standard CTAB DNA
extraction protocols, which ensured high-quality DNA for downstream applications. The
PCR amplification and sequencing were successful in the majority of the samples,
validating the robustness of the selected barcoding loci(Antil et al., 2023). The use of
both matK and rbcL markers provided a dual approach that increased the resolution
and accuracy of species identification, a practice that is increasingly being
recommended in plant barcoding literature.

While the results are promising, certain limitations were also observed. In some cases,
the resolution between species was low, possibly due to hybridization events, recent
divergence, or incomplete lineage sorting. These limitations are inherent in using only a
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small number of loci and could be addressed by incorporating additional barcode
regions (such as ITS2 or trnH-psbA) or using next-generation sequencing technologies
in future research. Moreover, while the study successfully identified most species, there
were a few specimens that failed to amplify or sequence properly, highlighting the need
for further optimization of protocols and primers tailored to local plant species(Wang et
al., n.d.).
Despite these limitations, the study establishes a solid foundation for future research in
molecular taxonomy and conservation biology in Pakistan. The results support the
notion that DNA barcoding is not merely a supplementary tool but a transformative
methodology that bridges the gap between traditional taxonomy and modern molecular
biology(Odah, 2024). By providing a molecular lens through which biodiversity can be
examined, DNA barcoding helps overcome many of the subjective limitations of
morphological classification and allows for a more objective and reproducible system of
species identification.
In conclusion, the research underscores the immense potential of DNA barcoding in
enhancing taxonomic resolution and aiding in the conservation of biodiversity. It offers
a scalable, cost-effective, and scientifically robust method for species identification,
biodiversity assessment, and conservation planning(Kerry et al., 2022). As biodiversity
faces increasing threats from habitat destruction, climate change, and human
exploitation, the need for accurate and efficient identification methods becomes ever
more critical. DNA barcoding emerges as a pivotal tool in this context, enabling
scientists to make informed decisions about species protection, habitat preservation,
and sustainable resource management. The work carried out in this study represents a
significant step toward that goal and contributes to the broader mission of preserving
our planet's biological heritage through science and innovation(Labadi et al., 2021).
Conclusion
This study demonstrates that DNA barcoding, using the matK and rbcL markers, is an
effective tool for resolving taxonomic uncertainties and uncovering cryptic diversity
among plant species in Southern Punjab. By revealing clear genetic divergences and
constructing robust phylogenies, the approach complements traditional morphology-
based identification, ensuring greater accuracy in species delimitation. The integration
of molecular data has practical implications for conservation planning, enabling the
identification of evolutionarily significant lineages and prioritization of at-risk taxa.
Furthermore, the results underscore the value of regional barcode libraries for
under-explored ecosystems. Ultimately, DNA barcoding offers a rapid, reproducible,
and scalable method for biodiversity assessment, supporting both scientific research
and evidence-based conservation strategies.
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