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ABSTRACT
Classification of species is fundamental to research in biodiversity, ecology, evolutionary biology and conservation
biology. As a part of this background in the present study, two fishes O. mossambicus and O. niloticus was sequenced for
its 647bp and 645bp region of cytochrome oxidase subunit I (COI) gene to test its efficacy in identifying the species and
also to demonstrate its intra species variations within the barcode region. The sequences were analyzed for their species
identification using Barcode of life database (BOLD’s) identification engine. The COI sequences of O. mossambicus and O
niloticus from different geographical regions were extracted from NCBI for intraspecies variation analysis. While
comparing the sequences in the NCBI database with the present sequences, significant alignments with maximum identity
ranges of 99% to 100% was noticed. Both the sequences were aligned using Clustal W. Phylogenetic tree was constructed
with bootstrap test. The optimal tree with the sum of branch length showed 0.000976 for O. mossambicus and 0.001556 for
O. niloticus. In O. mossambicus, the maximum GC content was 46.9% whereas the GC content in all the other closely
related species was found to be 46% in average. In O. niloticus, the maximum GC content was 47.9% and the closely
related sequences exhibited 48% average GC content.  The analyses revealed the molar concentration of bar-coded genes
G+C content of the lion fish were analyzed and there was a little fluctuation in the G+C content of both the fishes from
different geographical boundary. The evolutionary relationship was inferred with the closely related sequences obtained
from the NCBI database. Sequence divergence between individuals of the same species ranged from 0 to 0.057. Both
phylography and phylogeographic signals were evident from the phylogram constructed with O. mossambicus and O.
niloticus as the same group. Even though the present results confirm that the COI could be a potential barcode gene for
species level identification, further research is needed in describing the divergence of sequences in a broader sense.
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INTRODUCTION
Fish are the largest group of vertebrates, which exhibit a
remarkable diversity of morphological attributes and
biological adaptations[1,2]. Species are typically
circumscribed based on the presence of fixed diagnostic
morphological characters which distinguish them from
other species[3]. But for fishes, there are a large number of
intraspecific invariants or interspecific overlapping’s, so
fish identification is challenging for taxonomists when
facing rich biotas. The limitations inherent in morphology-
based identification systems and the dwindling pool of
taxonomists call for the molecular approach to species
recognition [4]. Freshwater fishes show more population
differentiation than marine species, although marine
species can show significant differentiation [5]. Indeed,
several studies have already illustrated the advances
provided by the iterative processes between
morphological- and DNA barcode-based studies in fishes
[6-8]. DNA barcode, a short section of DNA sequence is
used to identify species. Neither the idea nor the
technology behind DNA Barcoding is novel. What is new
and controversial is the idea of using just a small portion
of a single gene to identify species from a wide taxonomic
range [9]. Hebert et al [10] introduced the concept of a DNA

barcode, and proposed a new loom to species
identification which offered greater promise to counter
many of the limitations. The new approach is based on the
ground that the sequence analysis of a short fragment of a
single gene “Cytochrome C oxidase subunit 1” enables
unambiguous identification of all animals’ species. Hebert
et al [10] suggested a 650 base pair sequence of
mitochondrial gene Cytochrome C oxidase subunit 1
(COI) as the reference DNA barcode for all animal life.
This gene occurs in the mitochondria of all eukaryotic
organisms and the initial studies revealed consistent
resolving capability at the species level for many animals.
DNA barcoding, which was advocated by Hebert et al [11,

12] seeks to facilitate identifying the increasing number of
unfamiliar taxa in biological conservation and biodiversity
surveys, based on sequence diversity within a short and
standardized gene region[13]. For coordinating the
collection data of specimens and performing data analysis
with barcode data, the website Barcode of Life Data
Systems (BOLD) (http://www.boldsystems.org) has been
established [14].
Additionally to the mitochondrial COI gene, nuclear loci
are sometimes also considered to improve assignment
performance [15, 16]. This has been shown to provide species
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level resolution of the vast bulk of species in a wide range
of animal taxa, including ants, bats, birds, butterflies,
crustaceans, fish, and spiders [17-21]. Hajibabaei et al [22]

showed that 97.9% of 521 described species of
Lepidoptera possess distinct DNA barcodes and
furthermore that the few instances of sequence overlap of
different species involve very similar ones. Present study
concerns with barcoding of two cichlid fishes belonging to
the Oreochromis family. The barcoding profiles are then
used in investigating the intra species variation within the
species.
The efficiency of DNA barcoding has been reported in the
detection and description of new cryptic species [23-25].
This identification tool can clearly give support to improve
classifications and to critically examine the precision of
morphological traits commonly used in taxonomy [26].  For
a barcoding approach to succeed, within species DNA
sequences need to be more similar to one another than
those between species and recent studies confirmed that
the majority of species examined are well delineated by a
tight cluster of very similar sequences [27-31]. The
methodology requires that intra-species DNA barcode
variation is substantially less than interspecies variation,
allowing accurate identification of individuals [32].  Present
study explores the intra species variation within the
barcode region of two estuarine fishes Oreochromis
mossambicus and Oreochromis niloticus by using DNA
barcoding and computational approaches.

MATERIALS & METHODS
Study species
Oreochromis mossambicus
The Mozambique Tilapia is a deep bodied cichlid fish
native to the eastward-flowing rivers of central and
southern Africa. Mozambique Tilapia generally prefer
slow moving water bodies such as lagoons, rivers and
impoundments, but can also colonise faster-flowing
creeks and streams. In addition to fresh waters, this type of
Tilapia can also live in habitats influenced by tides, such
as the upper reaches of estuaries and coastal lagoons.
Mozambique Tilapias are often the most abundant species
in disturbed habitats like urban drainages, since they can
tolerate a broad range of conditions. Mozambique Tilapia
is thought to be one of the most salt-tolerant of all the
Tilapia species, tolerating salt concentrations of 0–120
ppt.
Oreochromis niloticus
Nile Tilapia is a tropical species that prefers to live in
shallow water. It exists in a variety of freshwater and
brackish habitats. It is a Diurnal species. The species O.
niloticus is a euryhaline species characterized by fast
growth and resistance to pathogens. The lower and upper
lethal temperatures for Nile Tilapia are 11-12 °C and 42
°C, respectively, while the preferred temperature ranges
from 31 to 36 °C. It is an omnivorous grazer that feeds on
phytoplankton, periphyton, aquatic plants, small
invertebrates, benthic fauna, detritus and bacterial films
associated with detritus. Nile Tilapia can filter feed by
entrapping suspended particles, including phytoplankton
and bacteria, on mucous in the buccal cavity, although its
main source of nutrition is obtained by surface grazing on
periphyton mats [33-36].

DNA extraction
DNA isolation Genomic DNA was extracted from the
stored muscle tissue samples by the standard Proteinase-
K/Phenol–Chloroform– ethanol method[37]. The
concentration of DNA was estimated using a UV
spectrophotometer. The COI gene located in the
mitochondrial genome was amplified using two sets of
primers [38] synthesized by Bio-Serve India, Ltd.,
Hyderabad, India.
MAB Fw:5’-TCAACCAACCACAAAGACATTGGCA C-3’
MAB Rw: 5’-TAGACTTCTGGGTGGCCAAAGAATCA-3
QIAGEN kit was used for sequencing reaction. The
sequencing PCR was done to amplify one strand of
barcode gene employing the primer FISH F1only under
standard PCR conditions. The samples were precipitated
and suspended in 40µl of loading solution provided with
the kit. Sequencing was done with MegaBace sequencer-
Bioserve India, Hyderabad.
BOLD’s identification
BOLD (Barcoding of life database) is an online
workbench that aids in collection, management, analysis,
and use of DNA barcodes. Identification engine is the one
of the important components of BOLD database which
consists of large volume of barcode sequences for both
plants (intranuclear spacer gene) and animals (cytochrome
c oxidase subunit gene). BOLD-IDS provide a species
identification tool that accepts DNA sequences from the
barcode region and returns a taxonomic assignment to the
species level when possible. The BOLD identification
system (IDS) accepts sequences from the 5' region of the
mitochondrial gene cytochrome oxidase subunit I and
returns species-level identification when one is possible.
This identification engine was accessible online through
http://www.barcodinglife.org/views/idrequest.php. The
sequences were given in FASTA file format in the query
box and results were obtained similar to that of BLAST
search. This system of species identification was
developed by Herbert et al [39].
Profiling of the barcode region
Barcode profiling is the phenomenon of extrapolating the
barcode DNA sequence information such as molecular
weight of the barcode strand and molar concentration of
the individual nucleotides in the barcode region. Barcode
profiling could be done using the software Bioedit
developed [40]. The molecular weight of the single stranded
barcode DNA was calculated as the sum of the
monophosphate forms of each deoxyribonucleotide minus
one water molecule each.  One water (18 Da) was added at
the end to represent the 3’ hydroxyl at the end of the chain
and one more hydrogen atom at the 5’ phosphate end.
Nucleotide composition summaries and plots were
obtained by choosing “Nucleotide Composition” form the
“Nucleic Acid” submenu of the “Sequence” menu.
Clustal W
ClustalW is a general purpose global multiple sequence
alignment program for DNA or proteins. It produces
biologically meaningful multiple sequence alignments of
divergent sequences. It calculates the best match for the
selected sequences, and lines them up so that the identities,
similarities and differences can be seen. Evolutionary
relationships can be seen via viewing Cladograms or
Phylogram
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Phylogenetic tree construction using MEGA
Phylogenetic relationships of genes or organisms are
presented in a tree like form called phylogenetic tree. The
branching pattern of a tree is called a topology.  There are
numerous methods for constructing phylogenetic trees
from molecular data. Neighborhood joining (NJ) method
of phylogenetic tree construction was preferred for
accurate establishment of phylogenetic relationship and to
trace out the presence of phylogenetic signals in the DNA
sequences [41]. The distance was calculated between every
pair of sequences and these were used to construct the
phylogenetic tree which guided the final multiple
alignment. The scores were calculated from separate
pairwise alignments.
MEGA (Molecular Evolutionary Genetic Analysis)
MEGA is an integrated tool for conducting automatic and
manual sequence alignment, inferring phylogenetic trees,
mining the web base data bases, estimating the rates of
molecular evolution, and testing evolutionary hypothesis
[42].
Bootstrapping and Clustal W
One of the most commonly used tests of the reliability of
an inferred tree is Felsenstein's [43] bootstrap test which is
evaluated using Efron's [44] bootstrap resampling
technique. If there are m sequences, each with n
nucleotides (or codons or amino acids) a phylogenetic tree

can be reconstructed using the same tree building method.
The multiple aligned sequences from Clustal W were
loaded into MEGA through Create New Alignment option
in Alignment menu. The sequences were trimmed for their
conserved regions and saved in MEGA format for
phylogram construction. Bootstrap test for phylogeny was
preferred to detect the reliability of each branch in
phylogram. As a general rule if the bootstrap value for a
given interior branch is 95% or higher than the topology of
that branch then the value is considered "correct" [41].

RESULTS
Quantitation of DNA by electrophoresis
Quantitation of DNA was estimated in two different
absorbances and the average was taken into consideration.
The isolated genomic DNA of O.mossambicus and
O.niloticus is shown in Fig 1. The PCR Products were
separated by electrophoresis in 2% Agarose gels
containing ethidium bromide (1µg ml-1).
Electropherogram obtained after electrophoresis of the
PCR amplicons is shown in Fig 2. In the
electropherogram, bands of the size ~642bp (MAB04-
O.mossambicus), 645bp (MAB07-O.niloticus) was
observed against 100bp DNA ladder. No overlapping of
the bands in the case of test organisms was observed and
so the bands were clear.

FIGURE 1: The isolated genomic DNA of
O.mossambicus (MAB04) and O. niloticus

(MAB07)

FIGURE 2: Electropherogram obtained after
electrophoresis of the PCR amplicons

Top 10 Sequences Producing Significant Alignments
from NCBI
The top sequences producing similar and significant
alignments were identified for the study species from
NCBI and listed. In O. mossambicus, 10 similar hits were
found in NCBI with a maximum identity of 100% and
with a maximum score of 1166 (Fig 3). For O. niloticus,
the hits were found with a maximum identity of 99% with
a score of 1155 (Fig 4). As a general rule, a top match with

a sequence similarity of at least 98% was used as a
criterion to designate potential species identifications [45].
The distance trees showed that, O. mossambicus (MAB04)
was closely related to O. niloticus, O. aureus and
Perciformes sp (Fig 5). Whereas, the distance tree for O.
niloticus, showed close evolutionary relationship with O.
aureus and similar relationship to bony fishes (Fig 6)
similarly in NCBI.
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FIGURE 3: Top 10 Sequences Producing Significant Alignments O.mossambicus

FIGURE 4: Top 10 Sequences Producing Significant Alignments O.niloticus

FIGURE 5: The distance trees O.mossambicus
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FIGURE 6: The distance trees O.niloticus
BOLD’s search
For coordinating the collection data of specimens and
performing data analysis with barcode data, the website
Barcode of Life Data Systems (BOLD)
(http://www.boldsystems.org) has been established [14].
BOLD is an accessible database that aids in management,
analysis, dissemination, and searching of DNA barcodes.

BOLD’s search results showed probability placement
percentage of 100% identification for O.mossambicus (Fig
7) and O.niloticus (Fig 8).The COI species database tree
for similarity and close relationship of the study animals,
O.mossambicus (Fig 9) and O.niloticus (Fig 10) was
compared.

FIGURE 7: BOLD’s search O.mossambicus

FIGURE 8: BOLD’s search O.niloticus
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FIGURE 9: COI database tree for O.mossambicus

FIGURE 10: COI database tree for O.niloticus

Accession numbers of sequences closely related to the
study species
The CO1 nucleotide sequences of the four animals were
submitted in GENBANK for obtaining accession numbers.

The accession numbers were received in two weeks after
successful submission of the sequences. Accession
numbers of sequences closely related to the test organisms
used in the analysis & their locations is given in Table 1.

TABLE 1: Accession numbers of study species and sequences closely related to the Test organism used in the analysis &
their locations.

Testing Evolutionary relationships of taxa
The close phylogenetic relationships were found within
the samples. This is clear evidenced in both Multiple
Sequence Alignments and Molecular Phylogenetic

analysis by Maximum Likelihood and UPGMA methods.
The alignment was easy and clear because no gaps were
found in our barcode sequences. Read lengths were about
642 bp, 645bp, 647bp and 481bp long, although in some

Oreochromis mossambicus
S.No. Accession No. Country
1 JX173758 ( MAB04) India
2 EU752146 USA
3 GU673990 Indonesia
4 EU417781 India
5 EU4177812 India
O.niloticus
1 JX173759( MAB07) India
2 EU751883 Mexico
3 HM882785 Nigeria
4 GU477627 China
5 EU751880 Mexico
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 DQ426665

 HM882785

 GU477627

 EU751880

 MAB07

 EU751883

0.001556

0.000776

0.000259

0.001556

0.000388

0.000776

0.000976

-0.000388
-0.000129

0.002274

instances some base calls were uncertain. No insertions,
deletions or stop codons were observed in any sequence.
Lack of stop codons is consistent with all amplified. The
evolutionary history was inferred using the “Unweighted
pair group method with arithmetic mean” [46]. The optimal
tree with the sum of branch length showed 0.000976 -
O.mossambicus (Fig 11), 0.001556-O.niloticus (Fig 12).
The tree is drawn to scale, with branch lengths in the same

units as those of the evolutionary distances used to infer
the phylogenetic tree.  The evolutionary distances were
computed using the Maximum Composite Likelihood
method [47] and are in the units of the number of base
substitutions per site. The analysis involved 4 nucleotide
sequences. All positions containing gaps and missing data
were eliminated. Evolutionary analyses were conducted in
MEGA5 [48].

FIGURE 11: Inferred evolutionary history O.mossambicus by UPGMA method

FIGURE 12: Inferred evolutionary history O.niloticus by UPGMA method

Profiling the barcode region of O.mossambicus and
O.niloticus
In O.mossambicus, the maximum G+C content was 46.9%
and A+T content was 53.1%. The molar concentration of

ATGC was 24.5 %, 28.6 %, 17.2% and 29.7% (Table 2).
In O.niloticus, the maximum G+C content was 47.9% and
A+T content was 52.1%. The molar concentration of
ATGC was 23.7 %, 28. 4 %, 17.8% and 30.1% (Table 3).

TABLE 2: Nucleotide composition of O.mossambicus & closely related sequences

TABLE 3: Nucleotide composition of O.niloticus & closely related sequences

Name of species Accession  ID Base pair
length

G+C
content
(%)

A+T
content
(%)

Nucleotide Number and
Mol%
A T G C

O.mossambicus JX173758
MAB04

642 46.9% 53.1% 158
24.5%

185
28.6%

111
17.2%

192
29.7%

,, EU752146 652 46.8% 53.2% 160
24.5%

187
28.7%

111
17.0%

194
29.8%

,, GU673990 648 46.9% 53.1% 159
24.5%

185
28.5%

111
17.1%

193
29.8%

,, EU417781 655 46.7% 53.3% 160
24.4%

189
28.9%

111
16.9%

195
29.8%

,, EU417782 655 46.7% 53.3% 160
24.4%

189
28.9%

111
16.9%

195
29.8%

Name of species Accession  ID Base pair
length

G+C
content
(%)

A+T
content
(%)

Nucleotide Number and
Mol%
A T G C

O.niloticus JX173759
MAB07

645 47.9% 52.1% 153
23.7%

183
28.4%

115
17.8%

194
30.1%

,, EU751883 652 47.9% 52.1% 155
22.8%

185
28.4%

115
17.6%

197
30.2%

,, HM882785 651 48.1% 51.9% 154
23.7%

184
28.3%

116
17.8%

197
30.3%

,, GU477627 645 48.2% 51.8% 153
23.7%

181
28.1%

116
18.0%

195
30.2%

,, EU751880 652 48.2% 51.8% 154
23.6%

184
28.2%

116
17.8%

198
30.4%
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DISCUSSION
In the present study, the DNA extracted from the fish
samples was successfully amplified with the COI primer
cocktail. From these, the resulting PCR products were
sequenced to obtain full length DNA barcodes with 645bp
and 647 bp in length. Similarity in the sequences of these
two species was compared with the sequences that are
available in database and a phylogram was constructed.
No insertions, deletions or stop codons were observed in
any of the COI sequences, consistent with all amplified
sequences being functional mitochondrial COI sequences.
From the phylogram it is clear that across geography
barcodes the two species did not contain variations within
the same family based on the fact that barcodes of the
same species invariably get clustered in same clade, Thus
CO1 gene sequences can act serve as universal DNA
markers in fish barcoding studies. The COI sequences of
study species from different geographical regions were
extracted from NCBI for intraspecies variation analysis.
The top sequences producing similar and significant
alignments were identified for the study species from
NCBI and listed. For O.mossambicus, 10 similar hits were
found in NCBI with a maximum identity of 100%. For
O.niloticus, the hits were found with a maximum identity
of 99%.  From the previous reports it is known that for 248
generated COI sequences, maximum species identities in
the range of 98–100% were obtained in GenBank and/or
BOLD. For two specimens identified in BOLD as
Coryphaena equiselis and Etelis coruscans, corresponding
COI sequences were not available in GenBank to permit
species identifications [49]. In the present study, the GC
content of the mitochondrial CO1 regions was average in
both species of Oreochromis. In O.mossambicus,
(JX173758) the maximum GC content was 46.9% whereas
the GC content in all the other closely related species
(EU752146, GU673990, EU417781 and EU417782) was
found to be 46% in average. In O.niloticus, the maximum
GC content was 47.9% (JX173759) and the closely related
sequences (EU751883, HM882785, GU477627,
DQ426665 and EU751880) exhibited 48% average GC
content. Saccone et al [50] reviewed data from the complete
mitochondrial genomes of nine Osteichthyes and three
Chondrichthyes species, deriving GC contents of 43.2%
and 38.4%, respectively. These values correspond
reasonably moderate to the present results. Akbar John et
al [51] reported the average GC content of three fishes
belonging to the Latidae family. The GC content was
8.87%. Lates niloticus from Tanzanian waters showed less
GC content (47.70%) whereas L. calcarifer from South
China Sea showed high GC content (49.61%) among
the Latidae species studied. Comparing to Australian,
Indian and Singapore (48.1-48.89%) water L. calcarifer,
Myanmar and South China species showed high average
GC content (49.38-49.41%). According to the literature,
results of the present study showed the difference of 2% to
8% in the G+C content of the study species. The
phylogenetic and genetic distance data showed that the
maximum genetic distance is present in 3rd codon position
in all the selected species. Prasanna Kumar et al [52]

sequenced Mysis, post larvae and adult specimens of
Penaeus monodon for Cyctochrome C Oxidase subunit I
(COI) gene (DNA barcode) to check the efficiency of DNA

barcode in delineating species irrespective of its different
life stages. Although mtCOI has been shown to contain
some phylogenetic information between closely related
taxa [53,54], DNA barcodes generally lack sufficient
phylogenetic signal at deeper levels [55]. Closer
examination of intraspecific variation is useful to reveal
cryptic species and analyze geographic distribution of
lineages, or phylogeography [56].  Both phylography and
phylogeographic signals were evident from the phylogram
constructed with O.mossambicus and O.niloticus as the
same group. Even though the present results confirm that
the COI could be a potential barcode gene for species level
identification, further research is needed in describing the
divergence of sequences in a broader sense.
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