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ABSTRACT 

DNA barcoding has become a powerful and reliable tool for identifying fish species, 

especially where traditional methods based on physical features often fall short. By using a 

small, standardized DNA region commonly the mitochondrial COI gene this technique allows 

accurate identification across all life stages, including eggs and larvae. It is particularly useful 

in addressing challenges such as species misidentification, seafood fraud, and illegal fishing. 

In India, DNA barcoding is strengthening fisheries management, improving traceability in 

aquaculture, and supporting biodiversity conservation. The integration of advanced 

approaches like environmental DNA (eDNA) and next-generation sequencing is further 

enhancing its efficiency and scope. Overall, DNA barcoding offers a fast, precise, and modern 

solution for sustainable fisheries and aquatic biodiversity monitoring in a rapidly changing 

world. 

 

INTRODUCTION  
 

ish and fisheries play a vital role in 

global food security, nutrition, and 

economic development, particularly in 

a country like India where millions of people 

depend on this sector for their livelihood. 

Fisheries contribute significantly to protein 

intake and employment generation. However, 

accurate identification of fish species remains 

a major challenge due to morphological 

similarities among species and variations 

F 

Keywords 

OPEN ACCESS 

http://www.vigyanvarta.in/


 

       
 

   
 
 

 
 

151 | P a g e  

Vigyan Varta an International E-Magazine for Science Enthusiasts 

 

www.vigyanvarta.in 

         E-ISSN: 2582-9467 
Popular Article 

 Krinal et al. (2026) Vol. 7, Issue 5 

May 2026 

across developmental stages such as larvae and 

juveniles. Traditional taxonomy based on 

morphological characteristics requires expert 

knowledge and is often time-consuming and 

error-prone. Misidentification can lead to poor 

fisheries management, biodiversity loss, and 

even economic fraud in fish markets. To 

overcome these limitations, DNA barcoding 

has emerged as a powerful molecular tool for 

species identification (Hebert et al., 2003). 

DNA barcoding is a molecular technique that 

uses a short, standardized region of DNA to 

identify species. It works on the principle that 

each species possesses a unique genetic 

sequence, similar to a barcode used in 

supermarkets. In animals, the mitochondrial 

Cytochrome c oxidase I (COI) gene is widely 

used because it shows high variation between 

species while remaining conserved within 

species (Ward et al., 2005; Bucklin et al., 

2011). This makes DNA barcoding highly 

effective in distinguishing even closely related 

fish species. Recent advances in sequencing 

technologies have made DNA barcoding 

faster, more accurate, and increasingly 

affordable, expanding its applications in 

fisheries and biodiversity research (Deiner et 

al., 2018). 

Methodology of DNA Barcoding 

1. Sample Collection: Small tissue samples 

such as fins, muscle, or eggs are collected. 

2. DNA Extraction: DNA is isolated using 

standard laboratory protocols. 

3. PCR Amplification: The COI gene is 

amplified using Polymerase Chain Reaction 

(PCR). 

4. DNA Sequencing: The amplified DNA is 

sequenced to obtain nucleotide information. 

5. Database Comparison: The sequence is 

compared with reference databases for 

species identification. 

Databases such as the Barcode of Life Data 

Systems (BOLD) and GenBank provide 

extensive reference libraries for accurate 

species identification (Ratnasingham & 

Hebert, 2007). Modern developments such as 

environmental DNA (eDNA) allow scientists 

to detect species directly from water samples 

without physically capturing them, 

revolutionizing biodiversity monitoring 

(Taberlet et al., 2018). 

Applications in Fisheries and Aquaculture 

DNA barcoding has transformed fisheries 

science with wide-ranging applications: 

1. Species Identification: It enables accurate 

identification of fish species at all life 

stages, including eggs and larvae, which are 

otherwise difficult to distinguish 

morphologically  

2. Detection of Seafood Fraud: Seafood 

mislabeling is a global issue where low-

value fish are sold as high-value species. 

DNA barcoding helps detect such fraud and 

ensures consumer protection  

3. Monitoring Illegal Fishing: It plays a key 

role in identifying illegal, unreported, and 

unregulated (IUU) fishing activities, 

supporting regulatory authorities  

4. Biodiversity Assessment: DNA barcoding 

supports large-scale biodiversity 

assessment and ecosystem monitoring, 

which are essential for sustainable fisheries 

(Valentini et al., 2016). 

5. Aquaculture and Traceability: It improves 

broodstock identification, selective 

breeding programs, and traceability 

systems in aquaculture industries. 

Indian Scenario, Case Studies and 

Biodiversity Conservation 

India is one of the largest fish-producing 

countries in the world, and modern molecular 
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tools like DNA barcoding are playing an 

increasingly important role in strengthening its 

fisheries sector. Research institutions such as 

the National Bureau of Fish Genetic Resources 

(NBFGR) have developed comprehensive 

DNA barcode libraries for a wide range of 

Indian fish species. These databases are 

extremely useful for accurate species 

identification, especially in cases where 

traditional morphological methods fail. 

Several studies on Indian marine and 

freshwater fishes have revealed hidden genetic 

diversity and helped identify cryptic species 

that were previously unrecognized (Lakra et 

al., 2011). This has significantly improved our 

understanding of fish biodiversity in India. In 

addition, DNA barcoding has been applied in 

fish markets to detect species adulteration and 

mislabeling, ensuring food authenticity and 

consumer protection. Such applications are 

particularly important for export markets, 

where accurate species labeling and 

traceability are mandatory. 

Beyond identification and trade, DNA 

barcoding plays a crucial role in biodiversity 

conservation. Aquatic ecosystems are under 

severe pressure due to overfishing, habitat 

degradation, pollution, and climate change. 

Accurate identification of species is essential 

for effective conservation planning, and DNA 

barcoding provides a reliable and efficient 

solution for this purpose. 

The integration of DNA barcoding with 

advanced techniques such as environmental 

DNA (eDNA) metabarcoding has further 

revolutionized biodiversity monitoring. These 

approaches allow scientists to detect species 

directly from environmental samples like 

water, making it easier to monitor ecosystem 

health and detect rare or endangered species 

(Valentini et al., 2016; Deiner et al., 2018). 

International organizations such as the FAO 

actively promote the use of molecular tools 

like DNA barcoding to support sustainable 

fisheries management and conservation 

strategies (FAO, 2022). Overall, the 

application of DNA barcoding in India not 

only enhances fish production and trade but 

also contributes significantly to the 

conservation of aquatic biodiversity and the 

sustainable management of fisheries resources. 

Advantages of DNA Barcoding 

✓ High accuracy and reliability 

✓ Rapid and efficient identification 

✓ Works with small or degraded samples 

✓ Applicable across all life stages 

✓ Reduces dependence on expert taxonomy 

Limitations of DNA Barcoding 

✓ Requires laboratory infrastructure and 

technical expertise 

✓ Dependent on availability of reference 

databases 

✓ Initial cost of sequencing may be high 

✓ Limited resolution in very closely related 

species 

✓ However, continuous technological 

advancements are addressing these 

limitations and making DNA barcoding 

more accessible 

FUTURE PERSPECTIVES AND 

CONCLUSION 

The future of DNA barcoding is highly 

promising, with rapid advancements in 

molecular biology and sequencing 

technologies expanding its applications in 

fisheries and biodiversity research. Emerging 

tools such as next-generation sequencing 

(NGS) and high-throughput DNA barcoding 

are enabling large-scale and more efficient 

biodiversity assessments. These technologies 
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allow researchers to process multiple samples 

simultaneously, significantly reducing time 

and cost. 

In addition, the development of portable 

sequencing devices is expected to make DNA 

barcoding feasible even in field conditions, 

allowing real-time species identification. The 

integration of DNA barcoding with advanced 

bioinformatics tools and artificial intelligence 

is further enhancing the accuracy, speed, and 

scalability of data analysis. These innovations 

are expected to revolutionize how aquatic 

biodiversity is monitored and managed. 

In the context of global challenges such as 

climate change, over exploitation of resources, 

and food insecurity, DNA barcoding will play 

a crucial role in supporting sustainable 

fisheries, conservation of aquatic biodiversity, 

and ensuring food authenticity. 

Overall, DNA barcoding has emerged as a 

revolutionary tool that has transformed fish 

identification and biodiversity research. It 

provides a fast, accurate, and reliable method 

for species identification, contributing to 

effective fisheries management, conservation 

strategies, and consumer protection. With 

continuous technological advancements and 

increasing global adoption, DNA barcoding is 

set to become an indispensable component of 

modern fisheries science and environmental 

monitoring. 
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