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Abstract

Development of new molecular techniques have enabled scientist for robust identification of species. DNA barcode system pro-
vides authentic species identification in large number without delay and error. Several gene markers have been used for the identifi-
cation of diverse microbial communities in DNA barcoding system. For the identification of bacteria, 16S rRNA gene is an important
marker. There is no specific marker for virus. But, some studies have implemented outer core protein and K-mer based barcode
system for identification of blue tongue virus (BTV) and human enterovirus (HEVs), respectively. For animal, Mitochondrial Cyto-
chrome c oxidase Subunit I (COI) and mtDNA genes are used. For algae, rbcL and RuBisCo are mostly used whereas for protozoa 18S
rRNA gene is used. Identification of fungi is usually done by COI ITS, LSU, SSU, RPB1, and RBP2 genes. Barcode database are growing
very rapidly about 100,000 species per year. This review article summarizes the current molecular techniques for identification of
species and efficacy of DNA barcoding for various organisms. DNA has potential to carry digital information too. So, we are hopeful
for advancement in digital barcode hologram with error free and appropriate barcode system for identification of various microbial

communities in the near future.
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Introduction

The technological development has made a volcanic eruption of biological knowledge from the covert environmental niches. Computer
science has enabled scientist to solve various biological problems and health related problems, such as genetically inherited diseases and

drug discovery [1]. In the ecosystem and diversity domain, DNA barcoding is a recent significant effort in this direction [2].

There are stunning quantities of microorganisms in natural habitat. This seems thrilling for researcher to cope exact taxonomical
position of microorganism. These microorganisms are still not recognized and only small fractions are cultured in the formulated media
remaining huge portion as unculturable [3]. DNA genome-based and DNA sequencing based technologies can be essential component
in identifying these microbes. Recently, application of DNA sequence data, the ‘DNA barcoding’ system is providing a proficient place for
species-level classification. Advancement of sequencing and computational technologies have standardized DNA sequence and increased
their capabilities in identification of microbes with the help of short sequences [4]. Due to the genetic variation in the short unique se-
quence, it is useful for differentiating the individual species. Using these sequences, many efforts have been made in identifying different
strains. These sequences can also be used for the development of barcode for microbial communities. These fragments of DNA sequences
which are implemented for identification of unknown species are referred as DNA barcode and the system involved in recognition of alien
strain is called as DNA barcoding [5].

The process of conventional species identification has many shortcomings. First, conventional strain identification methods may lead

false characterization due to phenotypic flexibility and genetic variability [6]. Whereas, DNA barcode system proved to be robust in spe-
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cies identification, being itself automated gives accurate results. Next, traditional method has problem in identification of cryptic species
complex and sometime morphological keys used in identification may vary in particular life cycle arising difficulties in species identifica-
tion. In contrast, DNA barcode system is rapid tools and can classify large quantities of microorganisms at the same time, without any

error [7].

The emerging interest in microbial systematic has built extremely large database in NCBI and other gene bank [8]. DNA barcoding
system along with marker genes have crucial role in microbial systematic and taxonomy. In this study, we have reviewed briefly on DNA

barcoding system and presented some marker genes which have been applied for species identification.

DNA barcoding system

Genetic diversity is fluctuating from one species to another species. In molecular barcoding system, the approach for species identifica-
tion is made usually by retrieving small segment of gene from whole genome of microorganisms. This small segment of gene is considered
as barcode sequence which is very specific for a particular gene [5]. This short, consistent sequence can help in differentiating individual
species. In barcoding system, genomic DNA is extracted from unknown isolates. Using specific primer, target genes can be retrieved. The
short fragment of DNA is amplified by using PCR. The amplicon obtained is then sequenced for bioinformatic analyses. The database using

appropriate computer algorithm lead for identification of unknown strains (Figure 1).
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Figure 1: DNA barcoding system for identification of microbial communities.

Beside microbial communities, animal and plant species have been also identified with barcoding system.

There are many molecular markers for animal and plant species. Mitochondrial Cytochrome c oxidase Subunit I (COI) (650 bp) and
mtDNA gene have been studied as marker genes for animal [9]. Low rate of nucleotide substitution of mitochondrial genome in plants
have created limitation for implementing COI as universal barcode marker. For plants, molecular markers used for species identification
are rbcL, 23S rDNA, rpoB, trnH-psbA, rpoC1, atpF-atpH, psbK-psbl, and matK [10]. There is no single promising marker for identification
in plants. Many researchers have been involved in attempting to present single barcode gene for identification of plant species. A study
conducted by Lahaye., et al. (2008) estimated that the matK marker gene works singly as barcode marker for botanical species identifica-
tion [11]. In case of bacteria, 16S rRNA gene sequence (1500 bp nucleotide in length) is proven marker for species identification [12]. The
barcode marker sequence from each unidentified species is compared with a library of reference barcode sequences. The final goal of the
DNA barcoding system is to build up a robust and efficient mechanism for the species identification in a rapid manner which should be
simple and scalable [4].
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DNA bar-code for Microbial Population
Evolution creates biodiversity in microbial communities. Gene sequence from DNA sample noted that the diversity of microbes is
almost 100 times higher than what was projected by traditional microbiology. There is vast diversity in the communities of virus, bacte-

ria, algae, fungi, and protozoa [13]. The diversity of microorganisms can be identified with well-established marker genes through DNA

barcoding system (Table 1).

S.No. | Microbial Population DNA Bar-Code genes References
1. Virus K-mer based barcode, [15,16,31]

Outer core Protein,

Oligonucleotides
2. Bacteria 16 S rRNA gene, [17-19,32]
Coj,
CPN60.
3. Algae CoJ, [20-22,33,34]
rbcL,
LSU,
ITS,
RuBisCO
4. Fungi CoJ, [23-25]
ITS,
LSU,
SSuU,
RPB1,
RPB2
5. Protozoa 18s rRNA, [26-29]
28sTRNA,
ITS,
Col

Table 1: DNA Bar-Code for Microbial Population.

DNA barcode system for viral communities is still under infancy. Lack of appropriate marker gene seems to be troublesome during viral
specimen identification. Some virologists are involved in the establishment of reliable DNA barcode for virus. A study described K-mer
based barcode for human enterovirus (HEVs) [14]. For BTV (Blue tongue virus), VP7 outer core protein is used as marker [15]. Similarly,

for avian influenza virus (AIV), a fluorescent DNA barcode- based immunoassay has been developed [16].

Bacterial diversity can be distinguished with 16S rRNA gene which is a universal marker for bacteria [17]. COI gene is another DNA
barcode developed for bacteria which is 650 bp in length [18]. Chaperonin-60 (cpn60) (known as GroEL 7 Hsp60), is a molecular chaper-

one conserved in bacterial strains that could be used as barcode marker for bacterial species identification [19].

Numerous marker genes have been suggested for algal species recognition. COI, rbcL (the rubisco operon), internal transcribed spacer
(ITS), tufA, COX1, and large subunit (LSU) 28S of the ribosomal cistron, 23S Universal Plastid Amplicon (UPA) are some of the examples
of barcode gene for algal communities [20-22].

There are problematic boundaries for multitaxon evolutionary and biodiversity studies of fungi due to lack of simple DNA barcode

marker. In recent days, fungal gene sequences are elevating in NCBI database. This made urge to scientist to perform taxonomical studies
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based on genomic criteria. These day mycological researches are also very keen for DNA barcoding of fungal species. ITS, LSU, SSU, RPB1,
and COI are some of the examples of marker genes which can be introduced for fungus taxonomical studies [23,24]. In a study made by
Stockinger, et al. (2010) illustrated a larger 1500 bp gene segment for arbuscular mycorrhiza. The study presents SSUmCf-LSUmBr 1500

bp sequence as proven barcode fragments for identification of arbuscular mycorrhizal fungi [25].

Rapid identification of pathogenic protozoan is utmost necessary in medical field for diagnosis of protozoan diseases. Molecular tech-
niques have made convenient for identification of protozoa species. Further, combining with DNA barcoding system, this field has become
more easy and interesting for protozoan classification. Amoeba is extensively used in research for developing appropriate DNA barcode.
Due to cosmopolitan in distribution, several attempts have been made to build proper molecular markers for protozoa. Three genes,
namely, SSU, ITS, and COI genes have been cloned to develop the molecular marker. In many studies, COI gene is concluded as the best
barcode marker for identification of amoebic strains. Likewise, 18S rRNA, 28S rRNA, ITS regions have been studied as marker genes for
Piroplasma [26-29].

Concluding Remarks

DNA barcoding is an emerging field in taxonomy. This technique provides a rapid solution for ‘cryptic species’ differentiation. Genetic
distance boundary between two strains can be established easily. This criterion should be considered during development of specific
DNA barcode. Even though the boundary seems to be taxon related, it was noted that the value of genetic distance between two DNA bar-
code sequences equivalent to or more than 3% identifies distinct species [4,7]. But, in defining DNA barcodes, genetic distance approach
imposes certain limitations. First, DNA which are selected as a barcode marker undergo evolution that varies substantially between and
within species and between difficult groups of species, consequently resulting in large overlaps of intra-specific and inter-specific dis-
tances. Next, numerous gene fragments of different markers have created challenges in appropriate selection of gene sequence for species
identification. Thirdly, marker chosen for DNA-barcode also possesses challenge to separate morphological characters from species to

species [5,30].

The barcode databases are increasing rapidly (> 100,000 specimens per annum). International Barcode of Life explains appropriately
that short sequence of gene from whole genome can be utilized for taxonomical studies of microbial species. Eventually, scientific world
are in deep concerns to develop a digital barcode hologram. The digital barcode hologram, will lead us to apply barcode reader for spe-
cies identification [4,5]. In conclusion, the development of digital barcode hologram for life is still in its primitive stage. The first phase
of such work is to develop the barcode with digital information, i.e., DNA-based digital information. DNA has many potential advantages
for unchallengeable, high information storage which can also carry digital information. Finally, we are very hopeful to notice condensed,
digital barcode hologram with error-free and appropriate barcode for microbial communities in the near future which will enable us for

robust identification of microbial species.
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