
Abstract

India is one of the major contributors for fish biodiversity and
these are largest group of organisms which shows varied phenotypical
changes throughout the development. The Chitradurga region forms a
continental bridge between the Vedavathi River & Krishna River basin.
Hence, fresh water fauna in Mallapura lake consist of unique populations
of species that originates from different range of distributions. The
identification & discoveries of new species can be made easily through
barcoding technique. Leading to resolve traditional morphological taxon
identification for overlapping sister species. The present study aimed
to apply the same technique of mitochondrial cytochrome oxidase I
gene for accuracy with identification.The tilapia fish samples were
collected from Mallapura lake, and DNA amplification results showed
COI gene fragment sequences, characterized by a length of 654 base
pairs. The nucleotide composition, polymorphic sites, haplotype
grouping, BLAST analysis, and phylogenetic tree constructed by
collected individual were used to categorize the samples into
Oreochromis mossambicus species. The results indicated DNA barcodes
as an effective identification approach for tilapia fish, and the results
have a potential for application in aquaculture and during the
management of fisheries resource in India. The detailed investigation
provides a barcoding database and promotes further studying of the
fish species in the region and their ecology with emphasis on monitoring
and conservation of freshwater fish biodiversity.
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The recent advances with urbanization,
anthropogenic activities and rapid growth in
small scale industries lead to the loads of
pollution towards the lakes of India, the reports
with high concentrations of heavy metals into
the water bodies directly links to the ecological
food chain and resulting towards the greater
concern to the ecological researchers19.
Strategizing measures for conservation and
improvement of stocks can be made possible
by Understanding the level of genetic diversity
in any population6.

The identification of fish species
mainly relies on morphometric and meristic
characters14,17. Fish have remarkable diversity
of morphological characteristics and most fish
go through ontogenetic metamorphism. Many
morphometric characteristics change during
the stages of ontogenetic development20.
Convergent and divergent adaptation also lead
to changes in the morphological characteristics
of fish species, imposing great challenges to
morphological taxonomy, in which species
identification is mainly based on morphological
characteristics, and the classification of many
species has thus also been controversial9. The
limitations inherent in morphology-based
identification systems and the declining number
of taxonomists call for a molecular approach
to identify species13,20.

In 2003, Hebert et al.,7 proposed
DNA bar-coding technology, in which the
Mitochondrial Cytochrome Oxidase subunit I
(COI) gene sequence was used as a barcode
for species identification with the expectation
of bar-coding all species for the purpose of
species identification and classification5,18.

Tilapia, Tilapiine fishes have a huge
species diversity, and are grouped into three
main genera:  Oreochromis (arena-spawning
maternal mouthbrooders), Sarotherodon (paternal
or biparental mouthbrooders) and Tilapia
(substrate spawners)3,16. Previous reports
show extensive investigation on Tilapiine fish
diversity, using both morphological methods 10,16

and molecular markers1,15. These discrepancies
in procedure have led to contradictory patterns
in species description and identification through
morphometric as well as meristic characters
have been implicated in misidentification, taxon
ambiguities andfluctuation in total species
number. Furthermore, the main culprits for this
phenomenon include phenotypic and genotypic
plasticity, cryptic diversity or possible hidden
species and variation in colour pattern at different
stages of life within the same species2.

The fisheries management and
aquaculture studies majorly depend on
investigations on fish taxonomy as it’s a basic
component for any of the further studies. The
present study focusses on the identification of
tilapia fish existing in Mallapura lake on the
basis of nucleotide composition, polymorphic
sites, haplotype grouping, nucleotide BLAST,
and phylogenetic tree analysis for cytochrome
C oxidase I gene. This required a DNA barcoding
process, which involves theproduction of PCR
amplicons from COI gene to generate a
sequence data, which is subsequently used
toascertain and distinct the organism from
other species.

The identification of fish species still
stands as one of the most basic but important
issues in fisheries management. This study
aims to investigate the COI gene sequence of
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mt DNA for molecular identification and
phylogenetic analysis of a tilapia species
(Oreochromis mossambicus) from Mallapur
Lake in Chitradurga.

Study area :

The Mallapur Lake situated towards
the North-East of Chitradurga which is having
about 100 acres of total area, & depth of 3-4mts.
The lake caters the agricultural needs of
neighboring villages. The Geographic co-
ordinates of lake is 14.23’ N latitude, 76.4’ E
longitude 735mts above MSL (Fig 1).

The specimen was collected and
morphologically identified by visual inspection.

Taxonomic classification was done with the
aid of the field guide to Indian freshwater fish
and freshwater fishes of India by Jayram8.

DNA extraction :

DNA extraction was carried out using
Zymo Research Genomic DNA™-Tissue
Miniprep extraction kit, and the manufacturer
protocol was followed.

Polymerase Chain Reaction (PCR) ampli-
fication :

The CO1 gene located in the
mitochondrial genome was amplified using the
pair of primers (Appendix. 1.) (Fig. 2).

Appendix. 1. Primer details
Fish F2 TGTAAAACGACGGCCAGTCGACTAATCATAAAGATATCGGCAC
Fish R2 CAGGAAACAGCTATGACACTTCAGGGTGACCGAAGAATCAGAA

PCR amplification was performed
with Eppendorf Master cycler personal in 50
μl total reaction volume using OneTaq Quick-
Load 2X Master Mix with Standard Buffer
(New England Biolabs Inc) ready-to-use kit.
The PCR was carried out under the following
conditions: an initial denaturation of 94°C for
30 s, followed by 35 cycles of 94°C for 30 s,
60°C for 1 min, 68°C for 1 min; followed by
final extension of 68°C for 10 min and held at
20°C. The PCR products were visualized on
1% agarose gel electrophoresis stained with
ethidium bromide.

Purification of PCR products and sequencing:

The PCR products were purified using
the Zymo Research DNA clean and concen-

trator TM-5. In a 1.5 ml micro centrifuge tube,
a 5:1 ratio of DNA biding buffer was added to
the PCR products. In a collection tube, the
mixture was transferred to a Zymo-spinTM
column. The flow-through was discarded after
the sample was centrifuged for 30 seconds at
10,000x g. 200 l of DNA wash buffer was
added to the spin column and centrifuged at
10,000x g for 30 seconds. The washing process
was repeated. A 15-l volume of DNA elution
buffer was added directly to the column matrix
and incubated at room temperature for one
minute. This was transferred to a 1.5 l micro-
centrifuge tube and centrifuged at 10,000x g
for 30 seconds. The purified PCR products
were sequenced using Genetic Analyzer
(Applied Biosystems 3130 XL).
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Figure 1: Satellite image of the Mallapur Lake, Chitradurga, Karnataka, India
Sample collection and initial identification

Figure 2: Amplification of mitochondrial COI locus (550-700bp)
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Figure 3: Phylogenetic analysis of Oreochromis mossambicus comparing Chitradurga tilapia
barcode sequences and the sequences of other tilapia from India. Numbers attached to

species name indicate GenBank ID.

Sequence analysis :

The sequencing (Figure 2.) was
subjected to the Barcode of Life Database
Identification (BOLD-ID) and BLAST algorithms
from the National Centre of Biotechnology
Information, Bethesda, MD, USA (http://
www.ncbi.nlm.nih.gov) to search for homologous
sequences in Gen Bank. BioEdit12 was used
to edit the sequences, and Clustal X 2.1 11 was
used to align them. For phylogenetic and
analysis purposes, MEGA X was used A
Maximum Likelihood tree of K2P distances
was created to provide a graphic pattern of
species divergence A minimum of 1000 bootstrap
replications were used for distance generation.

To identify samples based on sequence
similarity, the Barcoding of Life Database
(BOLD) (http://www. barcodinglife.org) and
GenBank (http://www.ncbi.nlm.nih.gov) were
used11.

Nucleotide bases in the genomic DNA of
Oreochromis mossambicus from Chitradurga :

Number of nucleotide bases A, C, G,
T, in the genomic DNA of Oreochromis
mossambicus was estimated as153 (24.4 %),
202 (29.5%), 119 (17.4 %) and 197 (28.8 %),
respectively. We found relatively high A+T
content of 53.2 % compared to 46.9 % of G+C
content. Percent of AT content at the 1st, 2nd
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Table-1. The list of COI nucleotide sequences of the O. mossambicusfrom different
locations of India including one of the present studies (highlighted).

State Location Accession No. / Voucher ID
Uttar Pradesh Lucknow MN562050.1
Uttar Pradesh Lucknow MT079202.1
Hyderabad Attapur MK902722.1
Assam Silchar JN815279.1
Tamil Nadu Sirkazhi MH577532.1
Kerala Ernakulam MK210574.1
Kerala Ernakulam MK264342.1
Karnataka Chitradurga OR888537.1

and 3rd codon positions of Oreochromis
mossambicuswas 43.5 %; 57.2 % and 58.8
%, respectively,with slight variations.

Comparative analysis of Oreochromis
mossambicus (OR888537.1) from different
regions of India :

A phylogenetic analysis was performed
by using neighbor joining method with Mega
(Version 7.0). The barcode sequences of
Oreochromis mossambicus from Chitradurga
regionand those of other Oreochromis
mossambicus from India, available in BOLD

Table-2. The list of COI nucleotide frequencies of the O. mossambicusfrom different
locations of India including one of the present studies (highlighted).

T(U) C A   G Total
MH577532 TAMILNADU 28.9 29.4 24.5 17.3 654
MK264342 KERALA 28.7 29.5 25.2 16.6 651
MN562050 UTTARPRADESH 28.7 29.8 24.6 16.8 641
OR888537 KARNATAKA 28.8 29.6 24.2 17.4 683
MK902722 HYDERABAD 28.9 29.4 24.2 17.5 657
MT079202 UTTARPRADESH 28.4 29.4 25.0 17.3 701
JN815279 ASSAM 28.7 29.6 24.5 17.3 642
MK210574 KERALA 28.7 29.5 24.2 17.6 654

were compared to reveal the locus and
phylogenetic relationship (Table-1).

The distance analysis of eight nucleotide
sequences representing Uttar Pradesh,
Hyderabad, Assam, Tamil Nadu, Kerala and
Karnataka using MEGA X software (https://
www.megasoftware.net) revealed frequency
and percent of the nucleotides were: A: 1294
(24.2%); C: 1558 (29.5%); G: 929 (17.2%)
and T: 1516 (28.7%). The sequences are
comprised of 2810 and 2487 bp of A+T and
G+C, respectively, which involves 53.04% and



46.95% of A+T and G+C content with an
average length of 610 bp per submission. The
COI nucleotide frequencies of Oreochromis
mossambicus can be seen in suppl. mat. (Table
2). Periods in the sequence letters represents
conserved bases between populations from
each location. Conserved bases are indicative
of similarities between populations whereas the
different bases account for separation of the
different populations of Oreochromis
mossambicus.

A phylogenetic analysis revealed two
clusters (excluding the out-group). The first
cluster is  consisted with Oreochromis
mossambicus Kerala, Tamil Nadu and Assam.
The second cluster consisted of Oreochromis
mossambicus from Hyderabad, Uttar Pradesh
and Karnataka (including the Chitradurga
population) (Figure 3). Oreochromis
mossambicus from Chitradurga, Karnataka
forms sister group clade from Oreochromis
mossambicus of Lucknow, Uttar Pradesh and
other Lucknow population forming an independent
clade.

These results indicate that a DNA
barcode could be used to resolve the ambiguity
in species identification.

The present investigation gives
complete report on the single species of
O. musambicus with detailed genomic
information. Molecular COI gene sequence
data of O. musambicus from the Mallapur
Lake of Chitradurga, India shows similarity
with gene sequences of this species from other
parts of India suggesting that this Tilapia
species maintain greater genetic similarity
across varied climatic regions.
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