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KEYWORDS Abstract The discipline taxonomy (the science of naming and classifying organisms, the original
DNA barcoding; bioinformatics and a basis for all biology) is fundamentally important in ensuring the quality of life
Molecular markers; of future human generation on the earth; yet over the past few decades, the teaching and research
Species identification; funding in taxonomy have declined because of its classical way of practice which lead the discipline
Plant taxonomy; many a times to a subject of opinion, and this ultimately gave birth to several problems and chal-
Biodiversity; lenges, and therefore the taxonomist became an endangered race in the era of genomics. Now tax-
Conservation genetics onomy suddenly became fashionable again due to revolutionary approaches in taxonomy called

DNA barcoding (a novel technology to provide rapid, accurate, and automated species identifica-
tions using short orthologous DNA sequences). In DNA barcoding, complete data set can be
obtained from a single specimen irrespective to morphological or life stage characters. The core idea
of DNA barcoding is based on the fact that the highly conserved stretches of DNA, either coding or
non coding regions, vary at very minor degree during the evolution within the species. Sequences
suggested to be useful in DNA barcoding include cytoplasmic mitochondrial DNA (e.g. coxl)
and chloroplast DNA (e.g. rbcL, trnL-F, matK, ndhF, and atpB rbcL), and nuclear DNA (ITS,
and house keeping genes e.g. gapdh). The plant DNA barcoding is now transitioning the epitome
of species identification; and thus, ultimately helping in the molecularization of taxonomy, a need
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of the hour. The ‘DNA barcodes’ show promise in providing a practical, standardized, species-level
identification tool that can be used for biodiversity assessment, life history and ecological studies,
forensic analysis, and many more.

© 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University.

Contents
L. Introduction . . . . ... 205
2. Molecular phylogeny and DNA barcoding . . ... ... ... ...t e e e e e 207
2.1.  Ribosomal DNA (rDNA) of the nuclear genome (nuDNA) —ITS . . .. ... ... .. . . . .. 208
2.2, Chloroplast DNA (cpDINA) . . . ..o e 211
2.3.  Mitochondrial DNA (MtDNA) . . . ... e e 211
3. Molecular phylogenetic analyses . . . . . .. ..ttt 213
4. Retrotransposon based barcoding. . . . . . ... .. 215
S, Metabarcoding . . . . ..o 219
6.  Materials for DNA barcoding . . . ... ... 219
7. Benefits of DNA barcoding . . . . ... ... 219
7.1, Plant SYStEMALICS . . . . . ottt et e e e e e e e e e 220
7.2.  Medicinal and wild plants’ identification . ... ... ... ... 220
7.3.  Food safety and conservation biology . . . . ... ... 221
8. Limitations of DNA barcoding. . . . . ... ... 221
9. CONCIUSIONS . . . .ttt e e e e e e e e 222
Acknowledgements . . . . . ... 222
References . . . . . ..o 222

1. Introduction

There are approximately 1.7 million species identified by using
morphological (i.e. Linnean) characters including 808 gymno-
sperm, and 90,000 monocots and about 200,000 dicots of
angiosperm. This number may be a gross under-estimate of
the true biological diversity of Earth (Blaxter, 2003; Wilson,
2003). Recently, overwhelming landmark publications (Ta-
ble 1) on DNA barcoding (Hebert et al., 2003) (syn.: profiling,
genotyping) based on highly conserved sequence informations
provide new tools for systematics (Hebert and Barrett, 2005)
and phylogeny (Wyman et al., 2004; Leebens-Mack et al.,
2005; Jansen et al., 2006; Hansen et al., 2006). DNA barcodes
consist of short sequences of DNA between 400 and 800 base
pairs that can be routinely amplified by PCR (polymerase
chain reaction) and sequenced of the species studied.
Morphologically distinguishable taxa may not require bar-
coding; however, subspecies (ssp.), cultivars (cv.), eco- and
morphotypes, mutants, species complex and clones can be
diagnosed with molecular barcoding. Barcode of a specimen
can be compared with sequences derived from other taxa,
and in the case of dissimilarities species identity can be deter-
mined by molecular phylogenetic analyses based on MOTU,
molecular operational taxonomic units (Floyd et al., 2002).
DNA barcoding was particularly useful for marine organ-
isms (Shander and Willassen, 2005), including fishes (Mason,
2003; Ward et al., 2005); soil meiofauna (Blaxter et al., 2004)
and freshwater meiobenthos (Markmann and Tautz, 2005);
and extinct birds (Lambert et al., 2005). In the rainforests, ra-
pid DNA-based entomological inventories were so effective
(Monaghan et al., 2005; Smith et al., 2005) that tropical
ecologists were the most active advocates of DNA barcoding

(Janzen, 2004). More pragmatically, DNA barcodes have
proved to be useful in biosecurity, e.g. for surveillance of dis-
ease vectors (Besansky et al., 2003) and invasive insects (Arm-
strong and Ball, 2005), as well as for law enforcement and
primatology (Lorenz et al., 2005).

Barcoding has created some controversy in the taxonomy
community (Mallet and Willmott, 2003; Lipscomb et al.,
2003; Seberg et al., 2003; DeSalle et al., 2005; Lee, 2004; Ebach
and Holdrege, 2005; Will et al., 2005). Traditional taxonomists
use multiple morphological traits to delineate species. Today,
such traits are increasingly being supplemented with DNA-
based information. In contrast, the DNA barcoding identifica-
tion system is based on what is in essence a single complex
character (a portion of one gene, comprising ~650 bp from
the first half of the mitochondrial cytochrome ¢ oxidase sub-
unit I gene sometimes called COXI or COI), and barcoding re-
sults are therefore seen as being unreliable and prone to errors
in identification (Dasmahapatra and Mallet, 2006). Although
the mitochondrial cytochrome oxidase subunit I (CO1) is a
widely used barcode in a range of animal groups (Hebert
et al., 2003), this locus is unsuitable for use in plants due to
its low mutation rate (Kress et al., 2005; Cowen et al., 2006;
Fazekas et al., 2008). In addition, complex evolutionary pro-
cesses, such as hybridization and polyploidy, are common in
plants, making species boundaries difficult to define (Rieseberg
et al., 2006; Fazekas et al., 2009).

The number and identity of DNA sequences that should be
used for barcoding is a matter of debate (Pennisi, 2007; Ledford,
2008). The main DNA barcoding bodies and resources are (1)
Consortium for the Barcode of Life (CBOL) http://www.


http://www.barcodeoflife.org
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