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ABSTRACT

Background: The present investigation was carried out on the development of a barcode and DNA
sequences database of Oreochromis niloticus (Nile Tilapia) of Shahpura Lake, Bhopal through
mitochondrial Cytochrome ¢ Oxidase-l gene (cox1) for public domain uses as a reference database
for identification, authentication and variation studies. Materials and Methods: We performed the
mitochondrial genomic analyses for molecular studies of which genomic DNA was extracted from
fish tissues using the standard protocol provided by Janarthanan and Vincent (2007). Then, isolated
DNA was introduced to Polymerase Chain Reaction (PCR) using universal primers, after which, the
electrophoresis of the PCR product was done, then, obtained the DNA bands of interest of desired
molecular weight on the gel. Results: We generated 02 unique DNA barcodes of morphologically
identified fish specimens collected from Shahpura Lake, Bhopal. Considering the ambiguous
(0%), Barcode Index Number (BIN) URI (BOLD:AAC9904), Top Hit % (100%), Nearest Member of
Neighbor (ANGBF54446-19), Nearest BIN URI (BOLDAET5315), Analysis of Barcode Gap as an
average intra-specific (204.14) and Analysis of Cluster Sequences (RESL) (20.583717) was found
significant for development of DNA barcode of O. niloticus. The overall mean distance among
O. niloticus specimens (6A and 6B) was obtained as 1.82 which may be considered as good for
conservation point of view. RESL in the BOLD systems has a stronger taxonomic performance than
that of the Barcode Gap Analysis and thus showed better species identification, during the present
investigation achieved similar results, which may be related to the species identification.
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INTRODUCTION

Fauna contributes more than half of the vertebrate’s
species of which nearly 7.7% of the world’s fish
variety which included 20% as vulnerable, endangered,
or extinct. In addition to this, fishes are also very
nutritious and apart from these fishes also contribute
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significantly to ecological conservation.”! However, the
survival of the fishes has been negatively impacted by
human activities including overfishing, sewage discharge
and the construction of river dams.P! Therefore,
the molecular-based taxonomy and identification of
fish fauna constitute essential requirements for the
conservation of a variety of fishes.

Oreochromis niloticus (Linnaeus 1758) is a ‘cichlid species’
although it is an alien fish species for India, it is naturally
found in the Nile River and other tropical and sub-
tropical freshwater rivers, reservoirs and lakes in Africa.

US81 O, niloticus is important for aquaculture and economy

221



Raghuwanshi, et al.: DNA Barcoding of Oreochromis niloticus from Shahpura Lake

and they are frequently utilized to produce intra-specific
hybrids.

Characterizing the single DNA barcode-based database
of this O. niloticus in the field of aquaculture is important
because it can be used to select strains for brood stock
creation and oversight that will minimize inbreeding
and preserve genetic diversity.”) The progress in
taxonomy and biodiversity research has demonstrated
the effectiveness of molecular methods, particularly
DNA barcoding, for recognizing fish variety around
the globe, especially in India.'""' Interestingly, DNA
barcoding, which is quick and inexpensive and relies on
the sequence divergence pattern of the Cytochrome ¢
Oxidase I (cox7) gene, appears to be a more trustworthy
method for identifying species.!"”)

The primary goal of DNA barcoding is to create
databases of barcode sequences, such as Fish Barcode
of Life (FISH-BOL) and International Barcoding of
Life (BOL.org). The Fish Barcode of Life Project is
a collaborative worldwide research effort that secks to
establish a reference library of DNA barcodes for every
species of fish derived from specimen vouchers with
trustworthy taxonomic assessments."! When finished,
FISH-BOL will provide a rapid, accurate and systematic
approach for molecularly identifying the aquatic fauna
of the planet.

To address difficulties in fish taxonomy, morphometric
analysis and DNA barcoding are being employed in
tandem to identify fish. In this essence, the current
investigation is aimed at identifying single DNA barcode
regions of O. niloticus of Shahpura Lake, Bhopal and
also to build a DNA sequence record for open-source
usage on bold systems and NCBI, USA as a reference
library for identification of mislabelled samples.

MATERIALS AND METHODS
Study site and sample collection

Shahpura Lake is a man-made pond located in one of
the upscale neighbourhoods of Bhopal, the state capital
of Madhya Pradesh. The lake is surrounded by urban
areas and hence it is no longer used for irrigation, but
it acts as recreation, a waterfront for the residents and
fishery purposes. Apart from these, the lake is also
having multiple inflowing drains that continue to bring
wastewater to it, thus causing heavy pollution. Therefore,

this study was conducted in Shahpura Lake District
Bhopal, Madhya Pradesh (23.2031°N, 77.4229°E).

The fish species under investigation, O. #iloticus often
caught by fishermen and sold in marketplaces as eating
fish despite not having any protection under the Wildlife
Act. As a result, no special authorization is needed to
purchase this fish in India and no live specimens were
used throughout the lab studies.

Since it was not possible to make repeated trips to
Shahpura Lake, the samples needed for molecular
analysis for DNA  barcoding
examinations were obtained with the assistance of local
fishermen. To save money, the muscle and liver tissues

and  sequencing

were extracted concurrently from the identical fish at
each site. 2-4 O. niloticns specimens have been collected
with 500 mg of tissue from muscles and 100 mg of
tissue from the liver being taken and fish tissue has
been preserved in 70% ethanol for molecular studies
and then brought to the laboratory for genetic analysis.
The genetic study employed standard procedures, such
as genomic extraction, quantification of DNA isolated,
PCR amplification, agarose gel electrophoresis and
consequently Sangers sequencing of the cox7 gene.

Extraction of Genomic DNA and quantification

Genomic DNA was isolated from the tissue by using
phenol:  chloroform: (25:24:1)  technique
with minor modifications."”! By using 1% agarose gel
electrophoresis, the isolated genomic DNA’s quantity
and integrity were assessed as part of an authenticity
check. To preserve the ratios of 1.8 of 260 by 280,
samples were processed both using RNAase or
proteinase-K and maintained the quality (proportion
near 1.8 of 260 by 280) and quantity (40-60 ng/uL)
of the genomic DNA. Dilution of quantified genomic
DNA to a concentration of 50 ng/uL was essential for
PCR-mediated amplification for the cox7 gene.

isoamyl
17

Polymerase chain reaction of cox1gene

The COX1 gene was targeted and amplified using a set
of universal primers (Table 1).I'"

Forward (FishF1l: 5-TCAACCAACCACAAAGACATT
GGCAC-3)

Reverse (FishR1: 5-TAGACTTCTGGGTGGCCAAA
GAATCA-3)

A 96-well Thermal Cycler (Model: Veriti, Applied
Biosystems, USA) was used for PCR amplification

Table 1: Universal primer set used for amplification of cox7 gene of O. niloticus for species-voucher 6A and 6B.

Primer Name Primer Sequences GC % Tm values Molecular weight (g/mol)
FishF1 5'-TCAACCAACCACAAAGACATTGGCAC-3’ 46.2% 60.2°C 7886.20
FishR1 5-TAGACTTCTGGGTGGCCAAAGAATCA-3’ 46.2% 59.8 °C 8019.30
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during the experimental work. A 25 uL reaction volume
was utilized for the amplification of the cox7 gene and
it comprised 12.50 uL of using 2X PCR master mix (3B
BlackBio, India), 1 uLL (10 um conc.) 9.50 uL. molecular
grade distilled water, 1.0 p. DNA template and each
forward as well as reverse primer. Following a single
cycle of initial denaturation at 95°C for 5 min, there
were 35 cycles of annealing at 72°C for 1 min, 53°C for
1 min and 95°C for 30 sec. At 72°C for 10 min and 4°C
for 10 min as the holding temperature, the last extension
phase has been carried out.

Agarose gel electrophoresis

The PCR product or amplicons were separated on 1
percent gel containing 0.003% EtBr and photographed
using a Transluminator (Hi-UV Duo Capture, Himedia,
India) to ensure that the PCR was successfully yielded
with the desired size of the amplicons or not. There
was a negative control in each reaction cycle. A 1 kb
DNA ladder (MBTO051, Himedia, India) was utilized
as a reference throughout agarose gel electrophoresis
to ascertain the molecular weight associated with the
specific cox7 gene.

Analysis using DNA sequencing and
bioinformatics tools

The services for Sanger’s DNA sequencing of the cox7
gene were taken from M/s. Biokart Pvt. Ltd, India.
During DNA sequencing a forward primer (FishF1:
5-TCAACCAACCACAAAGACATTGGCAC-3)
was used for sequencing of the forward strand. After
completion of the sequencing the forward sequences
were examined using ORF finder (htps://www.ncbi.
nlm.nih.gov), nucleotide BLAST (htps://blast.ncbi.
nlm.nih.gov) and Sequencing Analysis 5.2 version
software (Applied Biosystems Inc., CA, USA) to exclude
poor-quality reads and dropouts. All of the generated
and publicly available database sequences were aligned
using Clustal-X softwate to create a final dataset.
Furthermore, the dataset was produced to match the
length of the sequences of DNA in the cox7gene of
both the samples (6A and 6B) to prevent contradictory
findings from tree and genetic variation analyses.

The single DNA barcode sequence of the cox7 gene
of O. niloticus was produced by BOLD Systems (www.
boldsystem.org) which is available for reference and
identification purposes. The DNA sequences of the

cox1 gene with accession numbers are available in

the GenBank, NCBI, USA. The MEGA-X tool was

utilized to perform sequence alignment and sequence

divergence.” Based on K2P distances, Neighbot-Joining

(N]), closet Neighbor analysis (NN) and Barcode Index

Number (BIN) URI creation, Barcode Gap Analysis as

an average intra-specific, BOLD Systems and Cluster

Sequence Analysis were acquired data from nucleotide

composition. The BOLD data was prepared based on

specimen records for which fundamentally 07 data

records were taken as listed:

e Name of species;

*  Voucher information;

e Collection records (collection date, name of the
specimen collector);

e Identification number for the specimen;

¢ COlI sequences of more than 600 bp;

*  PCR primer details used to generate the amplicon
of the cox7 gene;

e Trace files of the sequenced gene.

The main data of the O. niloticus component a biphasic

record in BOLD has both a ‘specimen page’ and a

‘sequence page’. A direct connection in the project

terminal allows accessibility to both sites for O. niloticus
of the BOLD Systems (https://v4.boldsystems.org/).

RESULTS

PCR Results and DNA Sequence Analysis

In the present investigation, a total 04
individuals have been sampled from Shahpura

Lake, Bhopal and wuniversal primers set FishF1
(5-TCAACCAACCACAAAGACATTGGCAC-3)
and FishR1 (5-TAGACTTCTGGGTGGCCAAA
GAATCA-3) was used to amplify the targeted amplicons
of the cox7 gene. Moreover, two samples successfully
sequenced were larger than 600bp and were BLAST,
which showed that the sequenced samples contained
the same O. niloticus fish species. BLAST with the NCBI
databases for species-vouchers 6A and 6B, showed that
ranging from 99 to 100%is identical with O. niloticus.

The targeted cox7 gene was sequenced trimmed,
annotated and submitted to GenBank and obtained
accession numbers as OR143703 and OR143704
(Table 2) and the development of single DNA barcodes
through Barcode of Life Data (BOLD) Systems USA.

Table 2: cox1 gene sequence of O. niloticus submitted and available at GenBank, NCBI, USA.

SI. No. Species Name Species-Voucher Targeted gene Accession number Version Sequence length
1. Oreochromis niloticus 6A mtcox1 OR143703 OR143703.1 654bp
2. Oreochromis niloticus 6B mtcox1 OR143704 OR143704.1 672bp
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Table 3: Nucleotide composition of the sequenced gene of O. niloticus.

Sl. No. Species Domain Data  Species-Voucher = Accession number T(U) C A G Total
1. Oreochromis niloticus 6A OR143703 28.287 30.122 24.617 16.972 654

2. Oreochromis niloticus 6B OR143704 28.869 29.613 24.255 17.261 672
Average - - 28.582 29.864 24.434 17.119 663

Estimated value, e-value, greatest coverage and bit  species identification (Figures 1 and 2). Only 24.14 were
scores were shown for O. niloticus authentication and  found to be the minimal genetic distance between two
varied from 99-100%. DNA fragments containing individuals and their nearest congeneric cousin (Table 5)
the amplified cox7 gene produced sequences devoid — as determined by analyzing the distribution within the
of termination codons, insertions, or deletions. The  Nearest-Neighbor Distance (NND).
observed average nucleotide frequencies were C

(29.864%), T (28.582%), A (24.434%) and G (17.119%) 101.0

with a total average nucleotide of 663 (Table 3).

Genetic variations at the level of nucleotide were % 1005
identified at several consensus locations of the %\1000
sample sequences during the sequence alignment with |2

transitional genetic changes; nearly both fish sequences 5 995

are polymorphic and varied at several places. Further,
the genetic distances between the O. miloticus species- 9.0
voucher 6A and 6B were found as 1.09 (p-dist) with an
average distance of 0.3 (Table 4).

1 12 2 34 45 56 67 18 89 100

Figure 1: Similarity Scores of the top 100 matches of
O. niloticus and BOLD Systems.

Table 4: DNA barcode database of O. niloticus for

species-vouchers 6A and 6B developed available at

Within-BIN

BOLD Systems.
Sl. No. DNA Barcoding BOLD Systems
Parameters Parameters for 6A and 6B
1. Ambiguous % 0%
2. Barcode Index Number BOLD:AAC9904
URI
Top Hit % 100
Max distance in BIN 2.79 )
(p-dist) % ) 3456 78 9101112131415
5 Distance to nearest 1.09 - n : Pumswmme ‘ e
neighbor % Figure 2: Distance distribution among O. niloticus and
) BIN of BOLD Systems.
Average distance % 0.3
Barcode Compliant 414 O. niloticus species-voucher 6A and 6B had 100%
Number . . .
bootstrap replications but monophyletic clustered with
Member Count 1047 (776 Public)

O. niloticns available on BOLD Systems with a neatrest
Nearisgigc‘igrber o CINEEFE il neighbor as HLAII0O31-23 with distance to Nearest

10. Nearest BIN URI BOLD: AET5315 Neighbor (NN) as 24.14 [Table .
Considering ambiguous (0%), Barcode Index Number
(BIN) URI (BOLD:AAC9904), Top Hit % (100%),
Nearest Member of Neighbor (ANGBF54446-19),
The present dataset observed high genetic distances for ~ Nearest BIN URI (BOLDAETS5315), Barcode Gap
O. niloticus species-vouchers 6A and 6B which support  evaluation as an average intra-specific (204.14) and

Table 5: Barcode Gap Analysis O. niloticus for species 6A and 6B developed and available at BOLD Systems.

DNA Barcoding Parameters

Order Family Species Mean Intra-Sp Max Intra-Sp Nearest Species Nearest Neighbour Distance to NN
Cichliformes Cichlidae = Oreochromis 204.14 204.14 Systomus HLALI031-23 24.14
niloticus sarana
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Cluster Sequence Analysis for species voucher 6A and
6B (20.583717) was found significant for development
of DNA barcode (Table 6). Therefore, in order to verify
this particular species, more barcode data from its type
and topotypes had to be generated. This would aid in
the creation of conservation strategies for both the
invasive species and the local ecology, which are linked
to the means of subsistence for the state of Madhya
Pradesh ethnic people.

DISCUSSION

In recent years, DNA barcoding has become a powerful
method for species identification, particularly when faced
with unfamiliar organisms and limited morphological
information. Utilizing a concise gene sequence, known
as the DNA barcode, extracted from a standardized
region of the genome, scientists can effectively identify
species. The DNA barcode relies on sequencing a
consistent segment of the mitochondrial cytochrome ¢
oxidase 1 (cox7) gene, gaining recognition as a reliable
approach for species identification, authentication and
phylogenetic analysis. These barcodes consist of short
nucleotide sequences from a specific genetic locus,
designed for precise species identification. In the case
of animals, the accepted barcode sequence is a 648-base
pairs segments from the mitochondrial Cytochrome
Oxidase subunit I (COI) gene.

DNA barcoding is used to identify species based
on the idea that interspecific divergence effectively
outweighs intra-specific divergence and that a threshold
value, corresponding to the divergence between the
closest neighbors among a group using the available
barcode life database, can demarcate the biological
species.”! Hence, particulatly in the fishing industry,
the application of the COI gene in conjunction with
DNA barcoding for species identification has been well
recognized and verified.”**
in the present research indicates that DNA barcoding
is effective in identifying species and this is consistent
with prior publications on fish DNA Barcoding!®*!
prior investigations found success rates ranging from
90 to 95.60%.2"*1 According to a recent genetic analysis,
endemism, hidden diversity, or the merging of better-
defined lineages is the reasons for the increased O. niloticus
variety of species in central India.”” The current dataset

The complete success rate

found large genetic distances for O. niloticus species-
vouchers 6A and 0B, supporting the identification of
species [Figures 1 and 2] in line with earlier theories that
K2P distances should be close to 2% for reliable species
distinction in vertebrates.’"*"The real barcode gap for
species delimitation has been the subject of multiple
researcht ! but the genetic distances used to assess the
gap have varied depending on how various isolates were
sampled.’” Consequently, by noting the vast genetic
distance to the closest Neighbor (NN) of 24.14 and the
mean intra-species (204.14) of HLALI031-23, as well as
its distance from the Nearest Neighbor (NN) of 24.14
[Table 5 and Figure 3] Since the examined species is
readily identifiable and barcoded, we believe that it may
have strong diversity or greater hidden species diversity
than nearby species [Figure 4]. Utilizing cox7 gene
sequences obtained from GenBank uploading on NCBI,
each specimen (6A and 6B) of O. niloticus has been given
a DNA barcode on the BOLD (Barcode of Life Data
System) (https://v4.boldsystems.otrg/). This workbench
has developed turn it into a tool for the DNA barcoding
group by applying the workflow shown in [Figure 5].
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— ‘_’_..--""—-——-—.._\

Sy AN
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./‘

Figure 3: Haplotype network of state, species and
country of O. niloticus.

The overall mean distance among O. niloticus species
was obtained as 1.82 which may be considered as much
as good from the conservation point of view.?
However, the RESL in the BOLD systems has stronger
taxonomic performance than that of the Barcode Gap
Analysis and thus showed better species identification.”
The application of mt-DNA COX1 genome sequences
for DNA barcoding and genetic variation have

Table 6: Cluster Sequences (RESL) Analysis O. niloticus for species-vouchers 6A and 6B developed and

available at BOLD Systems.

Taxon Process ID Sample ID Mean Max Count NN Dist
Oreochromis niloticus HLALI021-23 6AB18 0 0 2 20.583717
Oreochromis niloticus HLALI022-23 6BB19 0 0 2 20.583717
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Figure 4: Developed DNA barcode database of O. niloticus for species-vouchers 6A and 6B on BOLD Systems.
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Figure 5: Complete pathway for developed DNA barcode database of Barcode of Life Data System.
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demonstrated their value in phylogenetics and their
capacity to identify polymorphism in populations,
include fish fauna." Current studies discussed towards
DNA Barcode of Life project, which aims to develop
a standardized, rapid and inexpensive method for
identification O. wiloticns using DNA barcodes. Studies
highlighting the importance of species identification
and the challenges faced by taxonomists in meeting the
demand for identification and the need for a universal
system. It suggests the mitochondrial cox7 region as the
ideal gene for animal species discrimination which has
been achieved during investigation.

CONCLUSION

In summary Since Linnaeus’s time, the conventional
taxonomy has been primarily used to identify and find
creatures. To identify the variety and biological species,
researchers have over time presented several different
notions, particularly through the use of phylogenetic
theory. The worldwide database for fast and precise
identification of species is strengthened by the DNA
barcode database of fish with taxonomy. Furthermore,
the current study contributes to the validation of the
Madhya Pradesh and Central Indian ichthyo fauna
checklists. All things considered, the current method of
freshwater fish genetic study and barcoding would be
beneficial in identifying variety, spotting invading species
and developing plans for protection and sustainable
management.
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SUMMARY

Unique DNA barcode data to the mitochondrial COX1
sequences of genes and barcode life and uploaded
to GenBank, NCBI, USA with a 672bp (accessions
OR143703. OR143704) data with as below link:
https://www.ncbi.nlm.nih.gov/nuccore/ OR143703
https:/ /www.ncbi.nlm.nih.gov/nuccore/ OR143704
The most conserved areas for O. niloticus are displayed
in barcoded and NCBI data, which differs from
neighboring species and yields more than 99% of
matches with resemblance. The results of the current
study indicate that high gene flow hinders genetic
differentiation within populations of O. wiloticus. The
development of a barcode to distinguish between fish
species is in line with an international effort to build
an extensive database of cox7 sequences associated with
specific specimens.
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