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DNA barcoding is a molecular-based identification system, recently introduced in the scientific community. This method is not new to science, but the
real innovation is not in the discrimination system itself. DNA barcoding can be considered as the core of an integrated taxonomic system. It is
established that the mitochondrial gene cytochrome c oxidase I (COI) can serve as the core of a global bioidentification system for animals. Now days,
this approach has become increasingly popular and advances as well as limitations have clearly emerged as increasing amounts of organisms have been

studied.

INTRODUCTION

pecies identification is a fundamental part of recognizing

and describing biodiversity. Traditionally, identification
has been based on morphological diagnoses provided by
taxonomic studies. At that time only taxonomists and trained
technicians can identify taxa accurately, because it requires
special skills acquired through experience "'. Moreover, this
approach to the task of routine species identification has four
significant limitations. First, both phenotypic plasticity and
genetic variability in the characters employed for species
recognition can lead to incorrect identifications. Second, this
approach overlooks morphologically cryptic taxa which are
common in many groups . Third, since morphological keys are
often effective only for a particular life stage or gender, many
individuals cannot be identified. Finally, although modern
versions represent a major advance, the use of keys often demands
such a high level of expertise that misdiagnoses are common .
Thus, researchers have been testing the idea that species could be
identified easily and rapidly using only a short DNA sequence,
which represents a standardized position in the genome and is
called a DNA barcode **. The DNA barcode is analogous to the
black stripes of the Universal Product Code, which are used to
distinguish commercial products. The idea of a standardized
molecular identification system has emerged with the
development of PCR-based approaches for species identification
) Advances in DNA-sequencing technologies enabled
researchers studying biodiversity to conduct simple, cost
effective and rapid DNA analyses. This progress in
biotechnology, and the taxonomy played a large role in the
creation of DNA barcoding.

Overview of DNA Barcoding
DNADbarcoding definition and Objectives

DNA barcoding is based on the premise that a short
standardized sequence can distinguish individuals of a species
because genetic variation between species exceeds that within
species”

For animals, a 648-bp fragment of the mitochondrial gene
cytochrome ¢ oxidase subunit I (COI) has been chosen as the
standard barcoding marker due to its high interspecific variation,
low intraspecific variation, and relatively universal primers for

taxonomic groups at the level of orders and even classes "*'. Hebert
et al proposed a technique using a primer set to amplify a 648-base
pair (bp) region of the mitochondrial cytochrome-c oxidase
subunit 1 (COI) gene to ensure rapid and accurate identification of
abroad range of biological specimens. They named this technique
“DNA barcoding” """, Then, the Barcode of Life project was
proposed to promote DNA barcoding as a global standard for
sequence-based identification of eukaryotes. The International
Barcode of Life consortium is an international initiative devoted
to develop DNA barcoding as a global standard for the
identification of biological species. Species identification of
known specimens and discovery of overlooked species for
enhancing taxonomy are the primary goals of barcoding "". With
barcoding technique, a species can be identified from a tiny
amount of tissue, from seeds, or from sterile, juvenile or
fragmentary materials when morphological identification is
difficult or even impossible .

Importance of DNA barcode

The cost and time-effectiveness of DNA barcoding enables
automated species identification during large sampling
campaigns . In this way, DNA barcoding could also improve
large surveys aiming at unknown species detection and
identification of pathogenic species with medical, ecological and
agronomical significance "*'”. However, DNA barcoding has
several advantages over previous methods. One advantage is its
availability. The standard DNA barcode region COI is very
efficient for species identification. This region has good
discrimination power for most animal groups "*'*. A 648-bp
fragment has enough information and can be directly sequenced
with a sequencer. These useful features are the reason why the
COI region was selected as the standard DNA barcode. Thus,
DNA barcoding can be a simple but powerful method for non-
experts, especially those who routinely identify a large number of
samples. Other advantage of DNA barcoding is the rapid
acquisition of molecular data. As a contrast, morphological data
gathering can be time consuming, in some cases totally confusing
and in others, almost impossible """, Furthermore, in three
important situations, relevant species identification must
necessarily be molecular-based. First to determine taxonomic
identity of damaged organisms or fragments of (e.g. goods, food
and stomach extracts). Barcoding is thus potentially useful in the
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food industry, diet analyses, forensic sciences and in preventing
illegal trade and poaching of endangered species (e.g. fisheries,
trees and bushmeat). Second, when there are no obvious means to
match adults with immature specimens (e.g. fish larvae) """
Third is when morphological traits do not clearly discriminate
species (red algal species """ and field collected mosquito
specimens **)

What does accuracy of DNA Barcoding depend on? The
barcoding “gap”

One of the critical issue in DNA barcoding is its accuracy.
Accuracy mainly depends on the extent of, and separation
between, intraspecific variations and interspecific divergence in
the selected marker. The more overlap there is between genetic
variation within species and divergence separating sister species,
the less effective barcoding becomes ™. (Fig 1.)

Role of barcoding in Biological sciences:

DNA barcoding is also of great interest to specialist besides as
an identification tool for non specialists. It brings together
taxonomy, molecular phylogenetics and population genetics **
Studies in molecular phylogenetics typically deal with
evolutionary relationships among deeper clades, whereas those in
population genetics target variation within and among
populations of a single species. DNA barcoding occupies a middle
ground as it seeks comprehensive coverage for species, but
focuses on their delineation rather than their relationships. Unlike
other well-known sequence libraries (e.g. NCBI), BOLD is an
interactive interface where deposited sequences can be revised
and taxonomically reassigned. The compiling of sequences, from
one or few common loci improves synergic studies at large
geographic scales and across numerous genera. Such information
on the global distribution of species, their genetic diversity and
structure will enhance the speed and effectiveness of local
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population studies.
Current advances in barcoding

In the past 20 years DNA sequencing technology has greatly
improved, from manual sequencing to automated sequencers. A
single automated 96-capillary sequencer can provide more than
1000 sequences of 1000 base pairs (bp) per day. Clearly, the
development of DNA barcoding is linked to these improvements.
Public databases (GenBank, http://www.ncbi.nlm.nih.gov;
EMBL, http://www.ebi.ac.uk/embl; DDBJ) has more and more
sequence data for the accepted barcoding markers as sequencing
facilities improve. The International Barcode of Life project
(iBOL) is now under development by the new Canadian
International Consortium Initiative (ICI). Researchers from 25
countries will be involved in this large-scale and collaborative
program, which aims at building a comprehensive DNA barcode
registry for eukaryotic life. The efficiency of DNA barcoding can
be described in the detection and description of new cryptic
species " and of sibling species " The CBOL and iBOL have
launched campaigns to build DNA barcode libraries of each
group. The major targets are fish (Fish-BOL; Ward et al. 2009),
birds (ABBI; Hebert et al. 2004a), mammals (Mammalia Barcode
of Life), marine life (MarBOL) and insects. The Canadian
Barcode of Life Network (BOLNET) was the first national
network for DNA barcoding. Subsequently, the following regions
or countries have also initiated projects as a part of the iBOL:
Europe (ECBOL; http://www.ecbol.org), Norway (NorBOL;
http:// dnabarcoding.no/en/), Mexico (MexBOL); http;/www.
mexbol.org/) and Japan (JBOLI; http;//www.jboli.org/). JBOLI
provides information and promotes collaborative projects on
DNA barcoding in Japan (http://www. jboli.org/en/projects for
relevant projects). Different campaigns of iBOL are shown in
Table 1

interspecific/
O speciation

genetic distance

Fig.2 Thedistribution of intraspecific variation is shown in red and interspecific divergence in yellow

A) Ideal world for barcoding, with discrete distribution and no overlap

B) Analternative version of the world with significant overlap and no gap
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Table 1. Current progress of international barcode of life campaigns

Name of campaigns Total species | Specimens | Species barcoded | Clusters recognized
number barcoded by barcodes
Formicidae barcode of life 12205 8495 792 (6%) 1697
Trichoptera barcode of life 13165 17823 2347 (18%) 654
Lepidoptera barcode of life 165000 438341 48676 (29%) <4000
All bird barcoding initiative 9933 20246 3281 (33%) 31
Coral recf barcode of life 16807 28619 5431 (32%) No data
Fish barcode of life 31220 60385 7882 (25%) No data
Mammalia barcode of life 5426 19862 &858 (16%) 305
Marine barcode of life 55451 37182 6199 (11%) No data
Shark barcode of life 1160 4339 557  (48%) No data

Success rate of barcoding

Various studies and analyses have been performed to
determine the success of DNA barcoding for species
identification. Meusnier et al report barcoding success levels
over 97% in studies involving birds, mammals, fishes and
arthropods *”. Hebert et al (2003) created a profile of one hundred
species from seven diverse animal phyla and then attempted to
identify newly analyzed taxa using this profile . This experiment
resulted in a 96% success rate of correctly assigning the taxa to the
appropriate phylum. Furthermore, each species had a different
COI sequence for the barcoding region. This process was
repeated with a different data set including eight orders of insects
and 50 newly analyzed taxa were correctly assigned to each order.
DNA barcoding has its share of flaws which are often more
informative than the successes. DNA barcoding encounters
problems common to any type of molecular analysis, degradation
may make it impossible to amplify a sequence and primers can
never be truly universal due to the potential to develop mutations
in the primer binding regions *"

Limitations of barcoding

The first limitation of the barcoding is its single-locus
identification system. If several regions from these organelle
DNAs are sequenced, this is still a single-locus approach because
different genes of mitochondrial or chloroplast DNA are linked. It
is known that identical mitochondrial or chloroplast DNA
sequences can be present in different related species due to
introgression, or due to incomplete lineage sorting since the time
of speciation **. Another limitation of DNA barcoding lies in the
length of the sequences used, usually greater than 500 bp, which
prevents the amplification of degraded DNA. This is the case for
all environmental samples where the target is DNA from dead
animals or dead parts of plants. It is usually difficult to amplify
DNA fragments longer than 150 bp from such samples *”

Nuclear copies of mitochondrial DNA sequences are nuclear

mitochondrial DNAs (NUMTs) that have been translocated into
the nuclear genome . In eukaryotes, the number and the size of
NUMTs are variable, ranging from none or few in Anopheles,
Caenorhabditis and Plasmodium, to more than 500 in humans,
rice and Arabidopsis.

Technical advancesin DNA barcoding

The main aim of the DNA barcoding is to assemble a reference
library. Thus it is based on conventional and inexpensive
protocols for DNA extraction, amplication and sequencing. This
reference library will enable the rapid identification of low
taxonomic level taxa with specific short- DNA sequences .
Other new molecular technologies used in bioengineering (eg.
Siliconbased microarrays, nylon membrane-based macroarrays,
etc) are becoming cheaper and may be integrated into the 'second
step of DNA barcoding' "". Furthermore, new sequencing
techniques such as pyrosequencing (454, Solexa, SOLID) enable
rapid and representative analyses of mixed samples (e.g. stomach
contents, food, blood or water columns). Largely used in the
emerging field of metagenomics, this advance could be promising
for future DNA barcoding initiatives "

Applications of barcoding for Entomology

The unique features of DNA barcoding also provide benefits
to both basic and applied entomology. Identifications using
molecular data can help elucidate the relationships of
morphologically variable individuals of the same species, such as
individuals in different developmental stages, castes in social
animals and sexually dimorphic individuals *" Insects, especially
those of holometabolous orders, are extremely variable, and
numerous attempts have been made to associate their life stages
using molecular markers . In addition to the features of typical
non-barcode molecular markers, the advantages of DNA
barcoding include primer universality, the accumulation of
information on a wide range of taxonomic groups, and its
association with taxonomy. These advantages may aid the study
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of ecologically interesting insect phenomena, such as host plant
alternation among aphids, extreme sexual dimorphism and
heterotrophic heteronomy of Strepsiptera, as Kathirithamby et al.
“Jinvestigated using non-barcode molecular markers.

CONCLUSION

DNA barcoding has become increasingly common since it
was proposed in 2003. Currently, more than one million records
are available in the BOLD system, which is the official depository
of DNA barcode data. The new large-scale project, iBOL, will
accelerate the creation of reference barcode libraries and will
facilitate the application of this simple identification method.

The BOLD data system is central to the DNA barcoding
approach. The specificities of BOLD are (i) to assemble standard
information on voucher specimens using common description
fields (DNA tag, specimen taxonomy, specimens details,
collection information, voucher pictures), and, (ii) its dynamic
status that allows taxonomic revisions and reassignment of the
deposited Sequences.
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