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ABSTRACT 
 

Species identification is essential for recognizing and describing biodiversity. Traditionally, this 
process has relied on morphological diagnosis through taxonomic studies, which have certain 
constraints such as subjectivity and time-consuming processes. With the advancement of modern 
molecular techniques, DNA barcoding has gained global attention. The term "DNA barcoding" 
refers to the technique of establishing species-level identification by sequencing a short fragment of 
the mitochondrial cytochrome c oxidase subunit I (COI) gene, the "DNA barcode," from a specimen 
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that is taxonomically unknown and comparing it to a reference library of barcodes from known 
species. This review article explores the evolution of DNA barcoding, its universal marker, and its 
application in insect taxonomy, emphasizing its role in accelerating species discovery and 
biodiversity documentation. In India, DNA barcoding initiatives have made considerable progress, 
yet there remains a vast opportunity to barcode the country's rich insect diversity. Overall, DNA 
barcoding emerges as a powerful tool to address the urgent need for efficient species identification 
and biodiversity conservation in an ever-changing world. 
 

 

Keywords: Barcode; COI; sequencing; biodiversity; taxonomy. 
 

1. INTRODUCTION  
 
Insects are the most abundant of all life on earth 
and have evolved into various forms. They 
represent about 66% of all identified species, 
making up over three-quarters of the planet's 
biodiversity.  Approximately one million insect 
species have been documented although only 
7% to 10% have been scientifically described [1]. 
Given the many undiscovered species, estimates 
suggest there could be around eight million 
insect species globally [2]. According to Mayr 
and Ashlock [3], it took nearly 200 years for 
taxonomists to describe 1.7 million species which 
is only 10 percent of the total number of species 
estimated. In this context identification of insects 
has been a monumental task where it calls for 
the availability of more specialists and funding. 
But with the dwindling interest in taxonomy and 
fund availability, classification and identification 
of various life forms particularly insects have 
been a major challenge to the scientific 
community. Naturalists developed the concept of 
categorizing living things based on taxonomy, a 
field of science that aids in categorizing a living 
entity based on morphological features to 
catalogue the enormous number of species [4,5]. 
 
A novel technique termed DNA barcoding, a tool 
of DNA-based taxonomy is currently being used 
to identify known and undiscovered species 
based on the pattern of nucleotide arrangement 
in a particular species' DNA fragment [6]. Several 
researchers have suggested the use of DNA 
barcoding in taxonomy as a method to achieve 
rapid species identification in the context of the 
current biodiversity crisis [7,8]. With a total land 
area of around 3,287,263 km2, India ranks 
among the world's most biodiverse countries, 
home to a diversity of habitats from deserts to 
high mountains and tropical to temperate woods 
[9]. The current necessity to classify such huge 
diversity calls for a quick, efficient, and accurate 
solution. DNA barcoding is the use of a short, 
standardized fragment of DNA sequence to 
identify and assign unknown specimens to 

species identity [10]. Besides, it facilitates the 
detection of new species based on the 
differences in DNA barcodes. For insect species, 
a 658 bp section of the mitochondrial cytochrome 
c oxidase (COX I) gene is extensively utilized for 
DNA barcoding [7]. The different barcode 
libraries viz., NCBI, BOLD are gaining value due 
to the integration of information of a species 
through voucher specimens, their binomial 
names, type locality and other collection data, 
and morphology in the form of digital 
photographs [11]. This method is widely feasible 
to catalog all the species on our planet. Over 
time it is largely accepted by hard-core 
taxonomists and governmental and non-
governmental organizations as well. Since the 
development of molecular biology and molecular 
tools, identifying various life forms, including 
insects, has become simple, fast, and accurate. 
 

2. HISTORY OF DNA BARCODING 
 
In 1960, Carl Woese gave this concept for the 
first time. He utilized rRNA and molecular 
markers like rDNA and mtDNA for discovering 
Archaea i.e., prokaryotes, and for drawing an 
evolutionary tree [12]. In 2003, Paul Herbert, a 
researcher at the University of Guelph, Ontario, 
Canada proposed “DNA Barcoding” to identify 
species. He is considered the “Father of DNA 
Barcoding”. The first article on DNA barcoding 
was published by Hebert in 2003 with the title 
“Biological identifications through DNA 
barcodes”.  
 

3. UNIVERSAL DNA BARCODE REGION 
OR UNIVERSAL MARKER FOR DNA 
BARCODING 

 

Mitochondria are energy-producing organelles, 
found in nearly every cell in almost every plant 
and animal species. The mitochondrial genome, 
which is present in all the eukaryotic organisms 
and evolves more quickly than nuclear DNA, has 
proven to be incredibly helpful in tracing 
evolutionary history. Different inheritance 
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patterns can be seen in nuclear and 
mitochondrial genomes. Since mitochondrial 
DNA (mtDNA) is hereditary from the mother, it 
evolves quickly, and most nucleotide alterations 
occur at neutral sites. Mitochondrial markers are 
employed to indicate phylogenetic relationships 
among related groups. Using the sequence 
information obtained from the COX 1 marker 
gene amplification, the intra- and inter-
phylogenetic interactions regarding this genetic 
marker have been investigated. In humans, 
Cytochrome c oxidase I (COX1), also referred to 
as mitochondrially encoded cytochrome c 
oxidase I (MT-CO1), is a protein encoded by the 
MT-CO1 gene. In other eukaryotes, this gene is 
known as COX1, CO1, or COI. COX1 serves as 
the primary subunit of the cytochrome c oxidase 
complex. A region approximately 650 base pairs 
in length from the 5' end of the Cytochrome c 
oxidase subunit 1 (COI) gene has been proposed 
as the universal barcode for animals [13]. 
 
Barcodes that are shorter than the full-length 
barcode are often referred to as “mini barcodes.” 
They have the additional advantage that they 
more easily can be amplified when the DNA is 
damaged or fragmented, which is common in 
environmental DNA samples. In addition to the 
COI gene, some of the other markers such as 
16S rRNA, 12S rRNA, and CytB are also being 
used for metabarcoding. However, the reference 
libraries for these alternative markers are small in 
comparison with those for COI [14]. 
 

4. NEED FOR NEW MARKERS 
 
An ideal barcoding marker should contain highly 
conserved sequence regions that allow for the 
design of universal primers capable of amplifying 
all taxa of interest in the sample. These 
conserved regions should flank a highly variable 
region, which can then be used to differentiate 
between species. Because of the redundancy in 
the genetic code and the fact that COI is a 
protein-coding gene, the third position of most 
codons is highly variable. This variability 
complicates the design of primers for 
metabarcoding that can provide sufficient 
taxonomic coverage. The sample will inevitably 
contain a range of mismatches between the 
primers and the templates, which will result in 
variable primer affinities for various templates. 
Less mismatched primer-template combinations 
will amplify more readily with each cycle, which 
could lead to a severe overrepresentation of 
these sequences in the PCR output. These 
"universal" COI primer biases have been 

empirically verified in several investigations. 
LepF1/LepR1 primer biases have been reported 
[15-17]. Folmer primers fail to amplify many 
species of Hymenoptera [18]. Several primer 
pairs are associated with amplification bias 
resulting in an overrepresentation of Diptera and 
Lepidoptera sequences. The bias can be 
somewhat reduced by using degenerate primers 
[19,20]. The amplification performance of four 
COI primer pairs from Malaise trap samples was 
investigated for several taxonomic groupings with 
varying degrees of degeneracy. Degeneracy 
significantly impacted amplification success, 
ranging from 5% for primers with little 
degeneracy to 49% for primers with considerable 
degeneracy [21]. 
 
Many experiments have sought alternative 
markers due to the amplification bias associated 
with COI primers. For studies involving a broad 
taxonomic range (up to the phylum level), it is 
common to use a highly conserved and easily 
amplifiable marker, such as the nuclear small 
subunit ribosomal RNA (rRNA) gene (18S) [22]. 
There are several examples of 18S 
metabarcoding, most of which include eukaryotic 
microorganisms and soil/sediment biodiversity 
evaluation. The mitochondrial large subunit rRNA 
gene (16S) has been evaluated for insect 
metabarcoding, yielding promising results. When 
applied to a set of 315 species of insects 
(representing 264 genera and 23 orders), In 
silico analyses demonstrated that 200 bp mini-
barcodes of the 16S gene identified slightly more 
species compared to mini-barcodes of the COI 
gene of the same length. Moreover, the 
taxonomic coverage was higher for 16S (75%-
90%) compared to COI (only 50%) [19]. 
However, longer COI mini barcodes enhanced 
the taxonomic resolution between closely related 
species to nearly 100%, whereas the resolution 
for 16S reached a maximum of 85%. 
Surprisingly, the taxonomic coverage and 
resolution of 16S were constant across the 11 
insect orders that were examined, but the best 
taxonomic coverage of COI was only between 
0% and 47% in all other insect orders and slightly 
above 50% in Diptera and Lepidoptera. 16S 
amplified more species and more evenly through 
orders, improving biomass estimation. According 
to them, COI is still the best option if the 
objective is to identify the species present in the 
sample because there are numerous public 
reference databases available. However, 16S 
would be a better option if the objective is to 
assess the biodiversity in terms of numbers 
rather than species names. A further benefit of 
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16S metabarcoding over COI is that amplicons 
cannot be confused for nuclear pseudogenes or 
Wolbachia [20]. 
 

Nuclear rRNA markers present a different 
scenario. The rRNA sequences of the large and 
small ribosomal subunits (18S and 28S) include 
conserved regions that allow for the design of 
primers with broad coverage, much like 
mitochondrial rRNA markers. However, the 
resulting amplicons tend to be highly conserved, 
resulting in very low taxonomic resolution [23]. 
The internal transcribed spacer (ITS), a nuclear 
marker, might be the most useful for 
metabarcoding. It has the benefit of being 
flanked by conserved areas (subunits 5.8S and 
28S), which makes primer design possible, and 
is known to provide strong taxonomic resolution. 
For fungi, the ITS reference database is 
comprehensive. Unfortunately, this is not the 
case for insects, which face an indistinguishable 
situation to that of some mitochondrial genes 
mentioned here. However, ITS is unquestionably 
a viable option for a survey when the separation 
of MOTUs suffices. In addition to ongoing efforts 
to develop reference databases for entire 
mitochondrial genomes and specific 
mitochondrial markers, the entomological 
community could significantly benefit from 
establishing reference databases for promising 
nuclear metabarcoding markers, such as ITS. 
With low levels of primer degeneracy and 
stringent PCR conditions, rRNA markers offer 
considerably broader taxonomic coverage while 
still resolving most genetically distinguishable 
species [24]. 
 

5. CURRENT STATUS OF INSECT DNA 
BARCODING IN INDIA 

 

In India, approximately 62,429 insect species 
across 595 families have been described, but 
only 2,330 species from 264 families have DNA 
barcodes i.e., only 3.73%. BOLD contains 
barcodes for 852,657 different insect species 
from 12 mega-diverse nations. The country with 
the highest recorded number of barcodes is 
Costa Rica, which accounts for 77% of all 
reported barcodes. South Africa, China, and 
Mexico each contribute about 5%, while India 
barely makes up 1.53%. With 13,152 sequences 
(including 10,570 COI-5P and other suitable 
barcode markers supported by the Consortium 
for the Barcode of Life for Animals), representing 
2330 species gathered from various geographic 
regions throughout India, India ranks seventh 
among the given megadiverse countries [25]. 

The species belong to 20 different orders, which 
are (in decreasing number of samples) 
Lepidoptera, Hemiptera, Diptera, Coleoptera, 
Thysanoptera, Hymenoptera, Odonata, 
Blattodea, Ephemeroptera, Orthoptera, 
Neuroptera, Siphonaptera, Embioptera, 
Mantodea, Psocoptera, Trichoptera, Zygentoma, 
Dermaptera, Strepsiptera and Phasmatodea. 
Among these orders, the largest number of 
sequences was generated for Lepidoptera 
(26.08%), followed by Hemiptera (25.87%), 
Diptera (16.09%), Coleoptera (12.66%), 
Thysanoptera (6.55%), Hymenoptera (6.40%), 
Odonata (2.29%), Blattodea (1.78%), 
Ephemeroptera (1.17%) and the rest of the 
eleven orders comprise <1%. The highest 
species coverage was achieved for, Lepidoptera 
with 687 species (29.48%), followed by 
Hemiptera with 391 spp. (16.78%), Coleoptera 
373 spp. (16.01%), Diptera 332 spp. (14.25%), 
Hymenoptera 209 spp. (8.97%), Odonata 117 
spp. (5.02%), Thysanoptera 89 spp. (3.82%), 
and Ephemeroptera with 44 spp. (2.22%), while 
the remaining 12 orders together comprise <3%. 
The substantial percentage of known insect 
species that have not yet been barcoded 
indicates that there is a tremendous opportunity 
to work on the barcoding of Indian insects [25]. 
 

6. ADVANTAGES OF DNA BARCODING 
 
DNA barcoding offers numerous advantages in 
insect identification, including high precision, 
speed, and the capability to distinguish various 
species when traditional morphological methods 
fail. One of the key benefits is its accuracy, as 
DNA barcoding often surpasses the limitations of 
conventional morphological methods by 
providing a consistent and objective means of 
identifying insect species through genetic 
sequences [26]. Additionally, DNA barcoding is a 
rapid method, delivering results in a matter of 
hours to days, which makes it suitable for 
extensive ecological investigations and 
biodiversity assessments [27]. This method is 
particularly useful in pest management, as it 
provides rapid and accurate identification of pest 
species, enabling timely and effective control 
measures. 
 
Furthermore, DNA barcoding facilitates the 
identification of various insect life stages, such as 
eggs, larvae, or even damaged specimens, 
which can be challenging to identify using 
conventional morphological techniques [28]. 
Importantly, DNA barcoding has also led to the 
discovery of previously unrecognized cryptic 
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species that were indistinguishable based on 
morphology alone, revealing hidden biodiversity 
[26]. The objectivity and reproducibility of DNA 
barcoding minimize the subjectivity in species 
identification that can arise with traditional 
taxonomy, especially when dealing with cryptic 
species [29]. 
 

7. LIMITATIONS AND DRAWBACKS OF 
DNA BARCODING 

 
Despite its advantages, DNA barcoding faces 
several limitations. A significant challenge is the 
lack of universal primers, as using a single 
universal identifier does not enable the 
successful barcoding of all insect groups. This 
necessitates the use of multiple markers or 
specific primers for some taxa, complicating 
studies [7]. Incomplete reference databases also 
pose a challenge, as DNA barcoding relies on 
comprehensive databases that may not be 
complete for certain regions or insect groups, 
leading to difficulties in accurate species 
identification. 
 
Hybridization and introgression between closely 
related species can produce mixed or false 
genetic signatures, complicating the identification 
process [30]. Additionally, high intraspecific 
genetic variation within some insect species can 
hinder accurate species identification, as DNA 
barcoding might not effectively differentiate 
between individuals within a single species [7]. 
Specimens collected from certain environments 
may have degraded DNA, making it challenging 
to obtain high-quality sequences for barcoding, 
which is particularly relevant for museum 
collections [31]. 
 
Convergent evolution can result in distinct 
species having similar or identical sequences, 
leading to incorrect identifications [29]. Biological 
anomalies, such as parthenogenesis or 
endosymbiont associations in some insects, can 
also affect the interpretation of DNA barcodes. 
The lack of reference sequences for rare, newly 
discovered, or undescribed species further 
complicates identification efforts. Moreover, DNA 
barcoding can be expensive, requiring 
specialized equipment and expertise in molecular 
biology techniques. Limited taxonomic coverage 
in reference databases for some insect groups, 
particularly non-model organisms, reduces the 
efficiency of DNA barcoding. These limitations 
highlight the need for the development of new 
markers, improved techniques, and broader 
reference databases. While DNA barcoding is an 

effective tool, it is essential to combine DNA data 
with other sources of information, such as 
morphology and ecology, for a comprehensive 
approach to insect identification and taxonomy 
[32]. 
 

8. ADVANCEMENTS IN DNA BARCODING 
 
A contemporary technique for identifying several 
species in a mixed sample, such as bulk DNA or 
environmental DNA (eDNA), is DNA 
metabarcoding. High-throughput sequencing 
(HTS) of a specific DNA marker is necessary for 
this method to work. DNA metabarcoding, in 
contrast to traditional DNA barcoding, which 
often uses Sanger sequencing on individual 
specimens, makes use of the vast amounts of 
DNA sequence data produced by HTS to rapidly 
allocate taxonomic classes to a variety of species 
present in a sample [33]. It takes DNA barcoding 
to the next level by allowing the processing of 
bulk samples and environmental samples. 
Samples collected from traps such as yellow pan 
traps, and malaise traps can be processed in 
bulk without sorting them. Even in situations 
when the species are not physically present, 
DNA metabarcoding can be used to extract 
species DNA from samples such as soil, water, 
sediments, or other materials. Currently, the 
most popular high-throughput sequencing (HTS) 
platform for DNA metabarcoding research is the 
Illumina MiSeq, located in San Diego, California. 
DNA metabarcoding helps in the detection of 
invasive insects in a surveillance context and 
highlights the unique technical and regulatory 
challenges that must be considered when 
implementing high-throughput sequencing 
technologies into sensitive diagnostic 
applications. Large-scale species identification 
using this technology is rapidly becoming an 
affordable option, particularly when traditional 
morphology-based identification presents 
budgetary or logistical difficulties. 
 
Mitochondrial metagenomics, emerging as a 
promising alternative to PCR-based 
metabarcoding, presents an innovative avenue 
for biodiversity studies. By bypassing the 
limitations associated with PCR amplification, 
such as the overestimation of species richness 
due to the amplification of nuclear mitochondrial 
pseudogenes (NUMTs), mitochondrial 
metagenomics offers a more comprehensive 
approach to characterizing mixed-specimen 
samples or environmental samples [34]. Through 
the assembly of complete mitochondrial 
genomes from shotgun sequencing of specimen 
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mixtures, mitochondrial metagenomics enables 
the acquisition of a wealth of data on species 
diversity and community composition [35]. This 
method, known as 'genome skimming,' entails 
sequencing libraries at low depth to assemble 
the high-copy portion of the mitochondrial 
genome, resulting in the assembly of dozens or 
even hundreds of mitogenomes from raw reads 
[36]. 
 
The application of mitochondrial metagenomics 
holds promise in enhancing our understanding of 
biodiversity by providing finer-scale resolution 
and insights into species diversity and 
community composition. Unlike PCR-based 
approaches, mitochondrial metagenomics does 
not introduce PCR-induced biases and allows for 
the recovery of whole mitochondrial genomes, 
strengthening conclusions drawn from species 
identification, phylogenetics, and phylogeography 
[37]. Moreover, the use of shotgun sequencing 
approaches suppresses the recovery of single-
copy NUMTs, leading to better estimation of 
species richness in genomic mixtures [38]. This 
method also enables the simultaneous analysis 
of species composition, abundance, genetic 
variation, and evolutionary relationships from a 
single biotic sample, offering a comprehensive 
view of biodiversity. The success of 
mitochondrial metagenomics in analysing 
environmental samples of mixed specimens 
underscores its potential as a powerful tool for 
biodiversity research [39]. 
 
Before mitochondrial metagenomics can be 
widely adopted, it is essential to carefully 
examine key parameters and distinguish 
between read-based and contig-based analyses. 
While read-based analyses rely on matching 
sequence reads against known reference data, 
such as DNA barcodes or full mitochondrial 
genomes, contig-based analyses aim at de novo 
assembly of mitogenomes from sequence reads 
mixtures. While the read-based approach has 
been more commonly utilized, the contig-based 
approach remains less explored but shows 
promise in phylogenetics and proof-of-principle 
studies [40]. Mitochondrial metagenomics holds 
the potential to revolutionize biodiversity 
research, offering a fast, efficient, and accurate 
method for analysing species diversity and 
community structure across various taxa and 
ecosystems. 
 
NGS technology was initiated for commercial use 
in 2005. It is also called massively parallel 
sequencing because it allows the sequencing of 

millions of DNA fragments from thousands of 
DNA templates in parallel. Sanger sequencing 
technology can generate the sole method for 
sequencing readings of up to 1000 bases for 
DNA.sequencing for nearly three decades, but 
next-generation sequencing (NGS) devices are 
now beginning to dominate the sequencing 
niche. Next-generation sequencing technologies 
allow the sequencing of millions of DNA 
fragments, from thousands of DNA templates in 
parallel and facilitate the generation of DNA 
barcodes more quickly and at a lower total cost 
[41]. As a result, numerous genomics facilities 
have transitioned to NGS from Sanger 
sequencers. By using NGS the entire genome 
can be sequenced in 2 days, and it has greatly 
revolutionized genomics. 
 
Mobile DNA barcoding is possible through third-
generation sequencing platforms such as Oxford 
nanopore technologies. MinION is the smallest 
and most user-friendly portable sequencer that 
can be run outside of the conventional laboratory 
such as in fields and forest areas. MinION 
sequencing offers a rapid and cost-effective 
approach for analyzing smaller samples, making 
it more suitable for day-to-day border detections. 
It allows for in-situ species monitoring without 
having to remove organisms from their habitat. It 
can produce full-length DNA barcodes, unlike 
Illumina and other second-generation 
sequencing methods. By using MinION 
sequencing technology, morphology-based 
identification will be supplemented, allowing for 
more informed biosecurity decision-making, and 
offering a vastly quicker and less expensive 
alternative to the current Sanger sequencing 
molecular identification method [42]. Nanopore 
sequencing is a unique, scalable technology that 
enables direct, real-time analysis of long DNA or 
RNA fragments. It functions by keeping an eye 
on variations in an electrical current that occur as 
nucleic acids go through a protein nanopore. To 
obtain the precise DNA or RNA sequence, the 
resultant signal is decoded. A single fragment of 
DNA can produce lengthy reads with about two 
million base reads.  
 

9. THE CHALLENGE OF NUMTS IN DNA 
BARCODING 

 
DNA barcoding relies on the assumption that the 
sequences used, particularly the COI region of 
mitochondrial DNA, are orthologous (i.e., they 
are equivalent across species). If this assumption 
is violated and paralogous sequences (non-
orthologous copies) are mistaken for orthologs, 
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incorrect species identification can result [43]. 
The DNA barcoding initiative assumes that every 
organism has a unique, identifiable molecular tag 
in the COI region, which can be amplified using 
universal primers. This method assumes the COI 
sequences being compared are orthologous 
across different species [7]. However, several 
molecular evolutionary processes can disrupt this 
assumption, including gene duplication within the 
mitochondrial genome, heteroplasmy (multiple 
types of mitochondrial genomes in one 
individual), bacterial infections altering mtDNA 
variation, and nuclear integration of mtDNA 
(NUMTs) [44]. 
 
NUMTs are extremely common, with cases 
reported in numerous eukaryotic species. For 
instance, in humans and mice, nearly all 
mitochondrial sequences have NUMT 
counterparts in the nuclear genome [45]. Studies 
have identified thousands of possible NUMTs in 
species such as the honey bee and the flour 
beetle [46]. The widespread nature of NUMTs 
suggests that many species may have NUMTs 
for the COI gene in their nuclear genome [37]. 
The existence of NUMTs presents a serious 
challenge for DNA barcoding. While universal 
primers are designed to amplify mitochondrial 
DNA across different species, they can also 
inadvertently amplify NUMTs, especially if the 
nuclear versions have diverged significantly from 
the mitochondrial ones [47]. This can result in the 
amplification of paralogous sequences, 
complicating species identification [48]. Research 
has shown that species like grasshoppers and 
crayfish have NUMTs of the COI gene, which 
can lead to incorrect species identification. In 
these cases, barcoding might incorrectly suggest 
that single individuals belong to multiple unique 
species [49-51]. This demonstrates the 
importance of thorough data exploration and the 
need to consider NUMTs in DNA barcoding 
practices.  
 
Several strategies can be employed to mitigate 
the impact of nuclear mitochondrial DNA 
segments (NUMTs) in DNA barcoding. First, 
using specific primer sets can significantly 
reduce the likelihood of co-amplifying NUMTs. 
Primers should be designed to target regions 
specific to the mitochondrial genome, thereby 
minimizing the chance of amplifying NUMTs 
inadvertently. These primers should be highly 
specific to the mitochondrial gene region to 
ensure accurate amplification of the intended 
sequences [34]. Bioinformatic filters are another 
essential tool in sequence analysis. These filters 

can identify and exclude NUMTs based on 
distinct characteristics such as insertions or 
deletions (indels), in-frame stop codons, and 
nucleotide composition. Implementing filters that 
use open reading frame length and nucleotide 
profiles, which are built via hidden Markov model 
analyses of large COI barcode datasets, can 
effectively remove NUMTs from the data [52]. 
 
A thorough examination of sequence 
characteristics is crucial in identifying and 
eliminating NUMTs. By carefully analysing the 
sequences, researchers can distinguish between 
mitochondrial and nuclear-origin sequences. 
Targeting longer amplicons in metabarcoding 
and environmental DNA (eDNA) studies is 
another effective approach, as it reduces the 
likelihood of encountering NUMTs. Longer 
sequences are less likely to contain NUMTs, 
thereby improving the reliability of the barcoding 
process [53]. Additionally, reverse-transcription 
PCR (RT-PCR) can be employed to discriminate 
between NUMTs and their mitochondrial 
counterparts. Since NUMT sequences are not 
transcribed, RT-PCR can be used to target only 
the transcribed mitochondrial sequences. 
Incorporating a repository for all identified 
NUMTs in databases like BOLD (Barcode of Life 
Data Systems) can help exclude these 
sequences from new data, ensuring that only 
genuine mitochondrial sequences are considered 
[34]. Improving informatics platforms is also vital. 
Enhanced filtering based on indels, protein-
coding sequences (IPSCs), and alignments to 
known COI barcode datasets can help identify 
and remove NUMTs. Using curated databases of 
COI barcodes allows researchers to verify 
records that derive from genuine mitochondrial 
COI sequences, similar to the approach 
described by Andujar et al. These curated 
databases can provide a reliable reference for 
identifying and excluding NUMTs from barcoding 
data [52,53]. By implementing these strategies, 
the impact of NUMTs on DNA barcoding can be 
significantly reduced, thereby improving the 
accuracy and reliability of species identification. 
 

10. BLAST & BOLD: INTEGRAL 
PLATFORMS FOR GENETIC 
ANALYSIS AND DATA MANAGEMENT  

 

10.1 BLAST – Basic Local Alignment 
Search Tool 

 

A bioinformatics tool called BLAST allows you to 
compare the sequences of two or more proteins 
or nucleic acid molecules and one sequence to a  
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Fig. 1. The barcoding pipeline (www.barcodeoflife.org)  
 
group of sequences in a database. The NCBI 
offers a common matching tool that looks for 
similarities between a query sequence and a 
sequence library. It breaks the query and 
database sequence into fragments and seeks 
matches between them. It can infer the 
evolutionary and functional links between 
sequences and identify the individuals who make 
up gene families. 
 

10.2 BOLD – The Barcode of Life Data 
System 

 

BOLD is an informatics workbench that makes it 
easier to collect, store, analyze, and publish DNA 
barcode records. It is a repository for specimen 
and sequence records. It helps with barcode data 
administration, quality control, and analysis. By 
combining flexible security and data entry 
features with web-based delivery, it offers a 
means of collaboration between geographically 
dispersed research communities. 
 

11. INTERNATIONAL BARCODE OF LIFE 
CONSORTIUM 

 

Established in 2008, the International Barcode of 
Life Consortium (iBOL) is a global research 
alliance dedicated to transforming biodiversity 
science. The consortium has initiated three major 
projects: Barcode 500K, BIOSCAN, and the 
Planetary Biodiversity Mission. The first major 
initiative, BARCODE 500K, ran from 2010 to 

2015 with the primary goals of delivering DNA 
barcodes for 500,000 species and developing the 
necessary informatics tools and analytical 
protocols for DNA barcoding. Following this, the 
BIOSCAN project, spanning from 2019 to 2026, 
aims to deliver DNA barcodes for 2 million 
species and promote the various purposes of 
DNA barcoding. Looking further ahead, the 
PLANETARY BIODIVERSITY MISSION, 
scheduled from 2026 to 2045, seeks to complete 
a comprehensive census of all multicellular 
species, establish a global biosurveillance 
program, and construct a 'library of life' by 
preserving DNA extracts from all species. These 
initiatives reflect the consortium's commitment to 
enhancing our understanding and documentation 
of global biodiversity through advanced genetic 
tools. 
 

iBOL Conference Series: The International 
Barcode of Life conference series is a biennial 
event that began in 2005. It serves as a major 
platform for the international community to 
discuss advancements and collaborations in 
DNA barcoding and biodiversity science. The 
series has grown significantly in participation and 
scientific scope over time. 
 

12. CONCLUSION 
 

DNA barcoding has arisen as a transformative 
tool in entomology, providing a standardized and 
powerful method for identifying insect species. 
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This technology has revolutionized insect 
taxonomy, biodiversity monitoring, and ecological 
research by offering rapid, accurate, and 
objective species identifications. DNA barcoding 
assists taxonomists in resolving complex species 
groups and enables a broader range of 
researchers, including citizen scientists, to 
participate in research on studies of insect 
diversity. This technique is pivotal in conserving 
endangered species and managing invasive 
pests, thereby supporting global biodiversity 
preservation and agricultural sustainability. The 
impact of DNA barcoding extends beyond 
traditional taxonomic boundaries. It facilitates the 
monitoring of insect populations, assists in 
ecological studies, and boosts our understanding 
of insect behaviour and interactions within 
ecosystems. The contributions of DNA barcoding 
to conservation efforts are particularly significant, 
as it helps in the identification and protection of 
endangered species, ensuring their survival in 
the face of environmental changes and human 
activities. 
 

As technological advancements continue, the 
expansion of reference databases and the 
development of more efficient methods will 
further enhance the capabilities of DNA 
barcoding. The future of this technology in 
entomology looks promising, with the potential to 
reveal new insights into insect diversity, 
behaviour, and ecological roles. This versatile 
tool is set to remain a cornerstone of 
entomological research, playing a critical role in 
efforts to understand, protect, and manage insect 
populations in a rapidly changing world. Its 
capacity to offer comprehensive data on insect 
species will continue to support biodiversity 
conservation, pest management, and the study 
of ecological dynamics, making it an 
indispensable resource for scientists and 
conservationists alike.  
 

13. FUTURE PERSPECTIVES 
 

As technology and our understanding of DNA 
continue to advance, DNA barcoding will likely 
play an increasingly pivotal role in entomological 
research and insect management. One key area 
of development lies in the expansion and 
refinement of reference databases. Efforts to 
comprehensively catalog the DNA barcodes of 
insect species from diverse geographical regions 
will enhance the accuracy and applicability of this 
tool. This, in turn, can bolster biodiversity 
conservation and biosecurity efforts, aiding in the 
rapid identification of invasive species and the 
protection of endangered ones. Moreover, the 

incorporation of high-throughput sequencing 
technologies, for example, next-generation 
sequencing, will accelerate the DNA barcoding 
process, enabling researchers to analyze large-
scale insect datasets more efficiently. This can 
be particularly valuable in monitoring and 
understanding complex insect communities and 
ecological interactions. 
 
DNA barcoding will also continue to serve as a 
crucial tool for taxonomists, helping to resolve 
cryptic species complexes and providing an 
objective basis for species delimitation. 
Concerning disease vectors and agricultural 
pests, DNA barcoding will facilitate the 
development of targeted and effective control 
strategies, helping to mitigate the economic and 
health impacts of insect-borne diseases. 
Furthermore, the integration of machine learning 
and artificial intelligence with DNA barcoding 
data will allow for the development of automated 
identification tools that can be employed by non-
experts, including citizen scientists and field 
workers. These tools will empower a broader 
community to contribute to insect biodiversity 
monitoring and research. 
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