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INTRODUCTION 

DNA barcoding is a method used to identify species. It works 

by analysing a specific region of DNA. This region is called 

the DNA barcode. The sequence of this DNA barcode is then 

compared to a reference library which contains information of 

many species linked to their barcodes. There are different 

types of barcoding regions used for different biological 

kingdoms. For example, all animals are identified using the 

same specific DNA region, whilst all plants are identified 

using a different region. 

  For over two centuries, the Linnaean system of 

taxonomy has served as the bedrock of biological science. 

Identification relied exclusively on morphology, the visual 

analysis of leaves, flowers, fruits, and anatomical structures. 

However, this method suffers from distinct limitations. First, it 

typically requires a specimen to be in a specific life stage 

(usually flowering or fruiting), rendering sterile samples 

identifiable only to the genus or family level. Second, "cryptic 

species"—distinct genetic lineages that look morphologically 

identical—often evade detection. Finally, there is a global 

shortage of expert taxonomists, a crisis known as the 

"taxonomic impediment" (Hebert et al., 2003). 

DNA barcoding was proposed as a digital solution to 

these analog problems. The premise is analogous to a 

supermarket scanner: just as a Universal Product Code (UPC) 

identifies a specific consumer good, a short DNA sequence 

can identify a biological species. While the animal kingdom 

successfully adopted the mitochondrial cytochrome c oxidase I 

(COI) gene as a universal marker, the botanical world faced 

immediate hurdles. Plant mitochondrial DNA evolves at a rate 

far too slow to distinguish between closely related species, 

necessitating a search for a more variable genetic signature 

(Kress et al., 2005). 
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Plant Barcoding: 

The search for a plant barcode was a global, 

collaborative effort involving the screening of 

potential gene regions within the nuclear and 

chloroplast genomes. A viable barcode requires a 

delicate balance: it must be conserved enough to 

be amplified by universal primers (sequences 

that start the replication process) across the entire 

plant kingdom, yet variable enough to 

discriminate between species.In 2009, the 

Consortium for the Barcode of Life (CBOL) 

Plant Working Group formalized a standard two-

locus barcode for land plants: 

1. rbcL (Ribulose-1,5-bisphosphate 

carboxylase/oxygenase large subunit): Located 

in the chloroplast, this gene codes for a critical 

photosynthetic enzyme. It is characterized by 

high recoverability and high sequence quality. 

While it resolves identification well at the family 

and genus levels, it often lacks the variation 

required for species-level discrimination. 

2. matK (Maturase K): Also a chloroplast gene, 

matK evolves approximately three times faster 

than rbcL. It provides the necessary resolution to 

distinguish species, though it can be more 

difficult to amplify universally due to structural 

variations in the gene. 

This two-marker system (rbcL+ matK) is now 

the global standard, although supplementary 

markers such as the nuclear Internal Transcribed 

Spacer (ITS) or the chloroplast intergenic spacer 

trnH-psbA are frequently used to resolve difficult 

cases (Hollingsworth et al., 2011). 

The methodology: 

The transition from a physical plant sample to a 

digital identification involves a standardized 

laboratory pipeline. 

1. Specimen Acquisition and Preservation 

Barcoding requires only a minute amount of 

tissue, typically 10–20 mg of leaf material. 

Because DNA hydrolysis occurs rapidly in the 

presence of water and enzymes, samples are 

immediately desiccated using silica gel. This 

capability allows for the identification of 

fragmentary material, such as roots, wood chips, 

or processed herbal powders, which are 

impossible to identify morphologically. 

2. DNA Extraction and Isolation 

Plants present unique chemical challenges. Their 

cells are often rich in secondary metabolites—

such as polyphenols, tannins, and 

polysaccharides—which can inhibit the 

polymerase enzymes used in later steps. 

Specialized extraction protocols (such as CTAB 

or commercial silica-column kits) are employed 

to lyse the cell walls and purify the genomic 

DNA (Hollingsworth, 2011). 

3. Amplification and Sequencing 

The target regions (rbcL and matK) are isolated 

using Polymerase Chain Reaction (PCR). In this 

step, the DNA is heated and cooled in cycles, 

allowing the primers to bind to the target genes 

and replicate them exponentially. The resulting 

"amplicons" are then sequenced, usually via 

Sanger sequencing, to produce a text string of 

nucleotide bases (Adenine, Cytosine, Guanine, 

Thymine). 

4. Bioinformatics and Matching 

The generated sequence is queried against 

reference libraries such as the Barcode of Life 

Data System (BOLD) or GenBank. Algorithms 

calculate the genetic distance—specifically the 

Kimura 2-Parameter (K2P) distance—between 

the query and reference sequences. If the 

sequence matches a known record within a 

specific threshold (typically >98% similarity), an 

identification is confirmed (Ratnasingham & 

Hebert, 2007). 

 

 
Fig: The methodology of DNA Barcoding (Source: https://bento.bio/protocol/dna-barcoding/) 
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Applications in Industry and Conservation: 

The utility of plant DNA barcoding extends 

beyond academic taxonomy into significant 

socioeconomic and environmental domains. 

Authenticating Medicinal Plants and Spices 

The global trade in medicinal plants and spices is 

a multi-billion dollar industry that relies heavily 

on dried, shredded, or powdered materials. Once 

a plant is processed into a powder, visual 

identification becomes impossible, creating a 

high risk for accidental contamination or 

intentional economic adulteration. 

Techen et al. (2014) highlight that DNA 

barcoding provides a critical quality control 

mechanism for this industry. By testing raw 

materials before they are manufactured into 

supplements or teas, companies can ensure that 

the biological ingredients match the label. This is 

particularly vital in Traditional Chinese Medicine 

(TCM), where closely related species—one 

therapeutic and one toxic—often share similar 

common names. Barcoding serves as a molecular 

authentication tool, ensuring that consumers 

receive the correct botanical species and 

avoiding potential adverse health effects caused 

by substitution. 

Forensic Timber Tracking 

Illegal logging contributes significantly to 

deforestation and funds organized crime. Once 

timber is processed into lumber or furniture, 

identifying the species morphologically is 

notoriously difficult. DNA barcoding allows 

customs authorities to test shipments of wood to 

verify if they contain protected species listed 

under the Convention on International Trade in 

Endangered Species (CITES). This molecular 

forensic capability is essential for enforcing 

international trade laws (Dormontt et al., 2015). 

Rapid Biodiversity Assessment 

In biodiversity hotspots, such as the tropical 

Andes or the Amazon basin, creating a biological 

inventory can take decades. Barcoding allows for 

"Rapid Biodiversity Assessments" (RBAs). 

Researchers can sample sterile seedlings or roots 

and identify them by matching their DNA to 

known references. This speed is vital for 

conservation planning in the face of rapid habitat 

destruction. 

Limitations and Evolutionary Challenges : 

Despite its efficacy, DNA barcoding is not a 

flawless technology. Its limitations are largely 

rooted in the complexities of plant evolution. 

The Barcode Gap: 

The success of barcoding depends on the 

"barcode gap"—a distinct separation between the 

amount of genetic variation within a species 

(intra-specific) and the variation between species 

(inter-specific). In some plant groups, this gap is 

non-existent. 

Hybridization and Polyploidy: 

Unlike animals, plants hybridize frequently. 

Because chloroplast DNA is maternally 

inherited, a hybrid individual will carry the 

barcode of its mother. Consequently, barcoding 

may fail to identify the hybrid nature of the 

organism, misidentifying it as the maternal 

species. Furthermore, polyploidy (having more 

than two sets of chromosomes) complicates the 

interpretation of nuclear markers like ITS 

(Hollingsworth et al., 2011). 

 

CONCLUSION 

Plant DNA barcoding represents a paradigm shift 

in how humanity catalogues life. By integrating 

molecular genetics with traditional taxonomy, it 

has democratized access to biodiversity 

information, allowing non-experts to identify 

species with high accuracy. As the library of life 

faces the threat of erasure through extinction, 

DNA barcoding serves as an essential tool in the 

race to read and protect it. 
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