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INTRODUCTION
In forensic investigations concerning animal abuse and biodiversity preservation, DNA

analysis is frequently employed. It can be used to look into crimes including poaching, illegal trade in
protected species, habitat devastation, unlawful gathering, and maltreatment. Moreover, DNA analysis
can be used to ascertain an animal's species, place of origin, and genetic relationships with other
animals. For the purpose of genetic species identification, nuclear and mitochondrial markers can be
employed.

Methods like gel electrophoresis, Single-Strand Conformational Polymorphism DNA
barcoding, isotope analysis, and mitochondrial microsatellite analysis Microscopy Ballistics, among
other techniques, can be used to identify certain species and animals, as well as samples retrieved from
crime scenes, illicit wildlife traffickers, and underground markets engaged in the trade in wildlife.
Animal identification, in contrast to human identification, usually uses DNA-based investigations to
identify an animal by determining its family, genus, species, and sex.

As the basis of all biology, the ability to identify, name, and classify living things at the species
level has emerged as a crucial requirement for biodiversity study and management, conservation, and
breeding. (Le and Vu, 2019) The majority of the time, one or a few important morphological
characteristics are used to identify and classify species. DNA barcoding is one of the sophisticated
molecular tools and procedures that have been used to uncover species complexity and find new ones
due to the morphological complexity of the organisms.

WHAT IS DNA BARCODING?
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It is a diagnostic method that identifies species within a group of organisms as well as
unidentified species by using a brief DNA sequence or sequences. To identify a specific or unknown
species, a brief DNA segment taken from a taxonomically unknown item is sequenced and compared
with the previously available sequences in the reference library or databases (Wilson, 2012). These
sequences are exclusive to that one species, making it easy to detect and calculate genetic variability
within and between species (Krishnamurthy and Francis, 2012).

Although the livestock industry generates significant economic benefits, there are issues with
quality control. Barcoding technology is a key tool for promoting high-quality livestock food and
reducing food piracy, benefiting both public and animal health (Barcaccia et al., 2016).The early DNA
sequencing study on microbial communities utilising the 5S rRNA gene led to the development of
DNA barcoding techniques (Woese et al., 1990). In a 2003 paper, Paul D.N. Hebert et al. from the
University of Guelph, Ontario, Canada, proposed specific techniques and terminology of modern DNA
barcoding as a standardised method for identifying species, as well as potentially allocating unknown
sequences to higher taxa such as orders and phyla (Hebert et al., 2003). Hebert and his associates found
that the majority of animal species could be identified using a brief DNA sequence taken from the
mitochondria. Because of his work creating a genetic barcode to categorise all living things on Earth,
Hebert is referred to as the "father of DNA barcoding". Hebert and associates provided evidence on
the function of the cytochrome c oxidase | (COIl) gene.

WHY BARCODING?

1. Works for all stages of life — Barcoding can be applied to all stage of life, from birth to death, to track
and manage various aspects of an individual’s life.

2. Works with fragments - Barcoding allows researchers to extract valuable information from limited
or degraded samples, advancing our understanding of biology, evolution, and disease.

3. Unmasks look-alikes - Means using a unique barcode or identifier to reveal or identify something that
was previously hidden or anonymous.

4. Reduce ambiguity - By reducing ambiguity, barcoding increases clarity, accuracy, and efficiency in
various applications, making it an essential tool in many industries.

5. Expertise to go further - It's about taking barcoding to the next level and unlocking its full potential.

6. Democratize access - Means making information, resources, or benefits more widely available and
accessible to a larger audience, regardless of their background, location, status, through the use of
barcodes.

7. Demonstrates the value of collection - Means that the use of barcodes showcases the importance and
benefits of collecting and managing data, items, or resources in a systematic and organized way.

8. Speed writing the life of the encyclopedia - Rapidly documenting the history and evolution of

encyclopedias.
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CRITERIA FOR GENE REGION

For a gene area to be used as a useful DNA barcode, it must meet three requirements: (i) Have
considerable genetic divergence and variability at the species level. (ii) Have conserved flanking sites
that can be used to create universal PCR primers with a broad taxonomic range. (iii) Have a short

sequence length to support DNA extraction and amplification techniques currently in use.

Prokaryotes RNA genes used for species identification

Animals, fishes, Birds | Small regions of the mitochondrial COI gene

Plants rbcl gene sequence and matk gene sequence of chloroplast

Fungi ITS region

For animal, 648-bp fragment of mitochondrial gene COI (cytochrome ¢ oxidase subunit 1) has been
chosen as standard barcoding marker (Hebert et.al, 2003). Hebert and his group declared mtDNA as
a universal genetic barcode due to its low genetic recombination and maternally acquired haploid gene,
making it useful for sequencing heterozygous organisms (Swartz et al., 2008). The COI region evolves
at a faster rate than the nuclear genome, making it unique to each species. Using COI allows for
discrimination against closely related species with low failure rates (Waugh, 2007).

METHODS INVOLVED IN DNA BARCODING

1. Sample collection - Barcoding can be done from tissue of a target specimen, a mixture of species (bulk
sample), or DNA contained in environmental samples (e.g., water or soil).

2. DNA extraction - DNA barcoding relies on pure, high-quality DNA obtained from various sources
under sterilised settings. To extract DNA from biological samples with low DNA content, thorough
sampling and homogenisation are necessary (Yang et al., 2018).

3. PCR amplification - The purified DNA sample's barcoding locus is amplified using Polymerase Chain
Reaction (PCR) with specified primers that anneal the target DNA at a predetermined temperature.
Choosing the right primer set is crucial for improving the sensitivity and efficiency of PCR for
barcoding regions (Yang et al., 2018).

4. DNA sequencing - After amplifying the DNA barcode marker area, the next step is to sequence it
using DNA sequencing tools (D’Amore et al., 2016). The Sanger sequencing approach is effective for
small-scale sequencing of DNA barcodes from a single species. Parveen et al. (2016). NGS technology
can successfully sequence numerous barcoding regions from mixed DNA samples, including
environmental materials, culinary products, and pharmaceutical formulations.

5. Sequence analysis - Sequence analysis was performed using both online and offline bioinformatic
techniques. Sequence analysis aims to accurately identify taxons by comparing novel sequences

generated through barcoding research to database sequences.
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6. Data analysis & interpretation - Comparative analysis involves numerous methodologies, including
similarity-, distance-, and tree-based approaches that allow the researcher to find variances in the
sequences. The Basic Local Alignment Search Tool (BLAST) is an effective approach for finding
similarity between query sequences and database sequences. Bioinformatic tools like MEGA,
PHYLIP, and PAUP can create and visualise phylogenetic trees using hierarchical clustering
algorithms like NJ, ML, MP, and BI (Hebert et al., 2003b; Elias et al., 2007).

7. Species identification - The taxonomic attribution of OTUs to species is accomplished by comparing
sequences to reference libraries. The Basic Local Alignment Search Tool (BLAST) is a popular tool
for identifying regions of similarity between sequences by comparing sequence readings from the
sample to sequences in reference databases. (Alonso-Alemany et al., 2011) If the reference database
contains sequences from the relevant species, the sample sequences can be recognised at the species
level. If a sequence does not match an existing reference library entry, DNA barcoding can be utilised
to build a new record.

8. Documentation- documentation” refers to the process of recording and maintaining accurate
information about: Barcode labels, Items or products, Scanning and tracking, Records of quality
control checks, verification processes, and any issues or discrepancies found.

TYPES OF DNA BARCODING
I.  Metabarcoding
Il.  Minibarcoding

I. Metabarcoding - Meta barcoding is described as the barcoding of DNA or eDNA (environmental
DNA) that enables the simultaneous identification of many taxa within the same sample, usually within
the same organism group. The primary distinction between the methodologies is that metabarcoding,
unlike barcoding, does not focus on a single organism but rather seeks to ascertain species composition
within a sample.

Meta-barcoding identifies species-specific sequences from a combination of DNA amplified
with a universal barcode. This can result in misleading sequencing results by creating several or
overlapping sequence peaks (Parveen et al., 2016). Meta-barcoding can help identify several species
in complex materials utilising Next Generation Sequencing and mitochondrial 16S ribosomal RNA.
The NGS is a very efficient multitaxa identification method that distinguishes species-specific
sequences from a combination of sequences as well as degraded DNA samples (Abubakar et al., 2017).
This approach is effective for biodiversity research, ecological management, community analysis
(Leray and Knowlton, 2015), and estimating cattle diet (Lee et al., 2018). Meta-barcoding has shown
useful in identifying organisms in medicinal formulations, foods, and forensic materials (Raclariu et
al., 2018).

Il. Minibarcoding —
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It is a technique that uses A short fragment of DNA, often less than 200 bp, is being used for

amplification (Meusnier et al., 2008). Shorter amplicons in mini-barcoding boost PCR efficiency,

leading to higher success rates (Sarkinen et al., 2012). Mini-barcoding technology is faster and more

efficient than regular barcoding as it uses a tiny section of DNA and particular primers to identify

target taxons (Gao et al., 2019). Mini-barcoding technology can effectively amplify low-quality DNA

from many sources where regular barcoding is inconvenient (de Boer et al., 2015).
STRENGTHS

Enables easy species identification.

Increases the discovery rate of new species.

Adds data to reduce taxonomic uncertainty.

Identifies species with less dna, saving time and money over previous approaches.
Scalable procedures allow for objective species identification.

Generates references for matching DNA of unknown origin, such as metagenomics and eDNA.

LIMITATIONS

Database incompleteness - the barcode data must include the reference sequence for species
identification.

Technological bias exists, including the potential of DNA sample contamination by PCR
inhibitors, primer bias, and so on.

Lack of standardisation - There is no agreement on DNA preservation or extraction
procedures, DNA marker and primer sets, or PCR protocols.

Mismatches between conventional (morphological) and barcode-based identification. Estimate
of richness diversity.

There is more genetic variety inside a species than between species.

Hybrid species cannot be identified since DNA barcoding only uses one gene region.

Lack of a universal DNA barcode marker.

In the event of illegal wildlife trading, species identification may not be adequate to determine

nation of origin. Special equipment is required.

OPPORTUNITIES

3551

Can adapt to new technology.

Assists in revealing global biodiversity.

The biomonitoring process may be automated.

Provides molecular context for historical specimens.

Can increase public engagement with genetic technologies.

Improves international access to DNA resources.

Official Website
www.thescienceworld.net Published 11/9/2024

!M—gﬁ

thescienceworldmagazine@gmail.com



http://www.thescienceworld.net/
mailto:thescienceworldmagazine@gmail.com

The oo OWrdd & Ohmohly ¢ Clagezine September 2024 Vol. 4(9), 3547-3554 Singhal et al

e Contributes to a dependable library of life.

e Can estimate species diversity using complex and environmental samples.
APPLICATIONS OF DNA BARCODING

e Authentication of geographical origin (Perdices et al., 2008)

e Identification of new or endangered species (Wynen et al., 2009)

e Validation of food product (Barbuto et al., 2010)

e Corroboration of closely related or ambiguous species (Shirak et al., 2009)

e Ornamental species trade (Steinke et al., 2009)

e Study of species diversity in a location (Kartavtsev et al., 2008)

e Species Discrimination studies (Pereira et al., 2013)

e Identification of mislabelled food products (Filonzi et al., 2010)

e ldentification of smoked food products (Smith et al., 2008)
CONCLUSION

DNA barcoding has arisen and established itself as an important technique for species

identification and phylogenetic analysis. It has proven effective in the protection of endangered
species, the identification of agricultural pests and disease vectors, the detection of product
adulteration, and environmental sustainability. DNA barcoding efficacy is dependent on the selection
of an appropriate piece of DNA. It is not a part of DNA taxonomy, nor is it a tool for phylogenetic
reconstruction; rather, it allows sample specimens to be linked directly to existing voucher specimens
and taxonomic information.
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