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Abstract 
DNA barcoding, one of several procedures for identification of organisms, is 
an effective way to identify fish species. DNA-based identification is reliable 
and accurate to characterize an organism at different stages of its life cycle. 
Several reference libraries were used to link species by adding data to report 
species. For the sequencing of undetermined species, a customized primer 
was used. An unknown specimen was identified using a cytochrome c 
oxidase 1 primer. In this study, cytochrome c oxidase subunit 1 was used to 
identify Wallago attu at the molecular level. After sequencing, the 
mitochondrial cytochrome c oxidase subunit 1 gene was fragmented into 380 
base pair pieces. A molecular-based identification approach, which 
comprised a neighbor-joining tree to estimate divergence, was used in 
addition to morphological identification to identify and authenticate the 
species under investigation. The COI barcodes were morphologically 
identified and matched with reference sequences of anticipated species. The 
GenBank databases received species reports with the entry number 
MT476360. The study's findings suggested that DNA barcoding is a viable and 
successful method for fish identification and for establishing a reliable DNA 
barcode reference library for these species. 
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Introduction 

In the past, fishes were used to be identified using morphological characteristics such as body 
shape, coloration, and meristic count (Matarese et al., 2011). In contrast to DNA barcoding, conventional 
morphological identification techniques exhibit reduced efficacy and precision in species identification. 
According to Packer et al. (2009), DNA barcoding offers a precise and effective means of identification of 
fish species. The reliability of species identification through DNA barcoding is contingent upon the 
presence of significant genetic differentiation both within and between species. For the successful 
identification of species, quantitative PCR had been extensively used (Yamanaka, 2016). So, PCR is the 
promising method for the identification of marked species. Then after PCR amplification, DNA barcoding 
involves DNA sequencing, which is considered efficient for accurate identification (Hofmann et al., 2016). 
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The K2P genetic distance is commonly employed in genetic analysis, utilizing Kimura's two-
parameter model as a basis (Kimura, 1980). The K2P method offers expeditious and precise 
computational outcomes for numerous taxa. The p-distance model was posited as a superior alternative 
to the K2P model. The current investigation employed K2P and p-distance models for DNA barcode gap 
analysis. The phylogenetic tree describes genetic divergence and ancestral evidence 
(Patwardhan, 2014). The COI mitochondrial DNA marker is recognized universally for the identification 
of fish species (Rajeshkannan et al., 2019). In fact, sequencing of uniform proportion of cytochrome c 
oxidase type 1 (COI) gene is the basis of fish DNA barcoding (Haldar and Nath, 2020; Mu et al., 2023), and 
it has gained a ground as a potential tool for the authentic identification and phylogenetic analysis of 
species.  

Wallago attu is known to be a fast-growing catfish and it has a good market value because of its 
high body protein content and nutritional value (Riaz and Naeem, 2024). The widespread distribution of 
Wallago attu has cast a doubt that there might be more than its one species thriving in different aquatic 
habitats. For example, while comparing the specimens of Wallago attu collected from South Asia and 
Southeast Asia, considerable differences in skeletal structures were recorded. Based on such findings it is 
naïve to expect that there could be more than one species of the genus Wallago (Roberts, 2014). Thus, 
the premier objective of the present study was to identify and authenticate fish species using DNA 
barcoding and compare it with that done by morphological markers. So, in the present study, the 
mitochondrial DNA was isolated from the tissues of freshwater catfish (Wallago attu), a species that 
occurs widely in the rivers of Pakistan, to identify fish species accurately and quickly within the genus 
Wallago.  

Materials and Methods 

Study Area and Sampling 

Ten specimens of Wallago attu were obtained from the Chenab River, located near Head 
Muhammad Wala Bridge in Multan, Pakistan (Latitude: 30.17'32oN; Longitude: 71.22'52oE), through 
collaboration with local fishermen. The specimens were promptly preserved and brought to the Fisheries 
Research Laboratory, Institute of Zoology, Bahauddin Zakariya University, Multan, Pakistan. 

Species Identification 

Fish specimens were identified using the conventional taxonomic key (Mirza and Sandhu, 2007) and 
the FishBase global electronic database of fish species (Froese and Pauly, 2011), considering 
morphometric characteristics. 

DNA extraction 

DNA was isolated from the muscle sample of the fish. The size of each tissue was about 50-100 mg 
which was homogenized using an extraction buffer of 6-800 µL. The homogenized sample was 
immediately transferred into an Eppendorf tube. Proteinase K (12 μL) was added to the Eppendorf tube 
and mixed using a vortex. The tissue was incubated for 1 h at 37 °C and 1 h at 55 °C.  

After that incubation, the solution was centrifuged at 5000 rotation per minute (rpm) for 10 min. 
The supernatant was isolated and to it phenol:chloroform:isoamyl alcohol with a 25:24:1 ratio was gently 
added with a gentle inversion for 5 min. Then the sample solution was centrifuged at 12000 rpm for 10 
min. The supernatant was collected and an equal volume of chloroform:isoamyl:alcohol with a ratio of 
24:1 was added to it. The treated sample was centrifuged at 12000 rpm for 10 min and collected the 
supernatant. Then 0.1 volume of 3M sodium acetate along with an equal volume of 100% ice-chilled 
ethanol, were added. The treated sample was kept at -20 °C for 1 h. The sample was properly centrifuged 
for 10 minutes, and DNA precipitation appeared at the base of the tube. The precipitated DNA was 
collected and to it an aliquot of 100 μL of 70% ethanol was added, and then centrifuged the sample at 
1000 rpm for 10 min. Then the ethanol from the treated sample was discarded and the sample air-dried. 
An aliquot of (50 μL) of deionized water was added to the treated sample. For the purification of DNA, an 
aliquot of 100 μL of RNase was added and stored at -20 °C until further analysis. 

PCR amplification 

The COI gene barcoding was done successfully using the universal fish primer Fish F1 and Fish R1 
(Ward et al., 2005) as shown in Table 1. The total PCR reaction was 25 µL with the composition of 
extracted DNA as 1 µL; primer 1.5 µL for each forward and reverse; PCR Master mix 12.5 μL (TaqNova-
Red) and deionized water 10.8 μL (Table 2). The conditions for PCR thermal cycler were set as: the initial 
denaturation for 2 min was set at 95 °C, further with 30 complete rotations of denaturation was set for 
30 s at 95 °C, annealing for 40 s at 54 °C and extension for 1 min at 72 °C. The final extension was 7 min 
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at 72 °C (Table 3).  The quantity of the extracted DNA was checked by Nanophotometer (Implen, GmBH). 
DNA absorbance, including concentration and purity of the samples, was assessed by determining its 
absorbance at A260/280nm and A260/230nm of wavelength. 

Analysis of the data 

The sequences were analyzed and aligned by utilizing BioEdit version 7.0.5.3. The identity match 
was performed utilizing BOLD and NCBI. The Neighbor-Joining (NJ) method, as proposed by Saitou and 
Nei (1987) was employed to generate trees. The K2P model was utilized for this purpose, using MEGA 
version X software. 

 
Table 1. Primer sequences used for PCR amplification and sequencing through CO1 identification gene 

Primer Sequence (5
’
→3

’
) TM (

o
C) 

Forward primer  TCAACCAACCACAAAGACATTGGAAC 64.7 
Reverse primer  TAGACTTCTGGGTGGCCAAAGAATCA 66.3 
TM, Melting temperature 
 
Table 2. Components of the mixture for polymerase 
chain reaction 
Component Quantity (µL) 
DNA Template   2.5 
Master Mix (TaqNova-Red) 12.5 
Forward Primer   0.1 
Reverse Primer   0.1 
Sterile Water   9.8 
 

Table 3. Optimized conditions for a polymerase 
chain reaction in PCR thermal cycler 
Cycles Temperature (

o
C) Duration 

  1 95   5 min 
40 95 30 sec 
40 55 30 sec 
40 72 30 sec 
  1 72   7 min 

Results 

Morphometric-based identification  

The body of the fish samples was compressed and elongated without scales. The body was straight, 
with a rounded abdomen. The head was large and depressed; head width was a little less than its length 
and equal to half of its height. The mouth was recorded as wide and its cleft extending behind the eyes; 
jaws were slightly long. Eyes were small. Teeth were large, numerous, cardiform in both jaws and oblique 
patches on either side of the vomer. Barbels were in two pairs; the longest maxillary pair reached beyond 
the front end of the anal fin, and the mandibular pair was as long as the snout. The dorsal fins were 
observed to be relatively diminutive in size, lacking in spines, and typically positioned anteriorly to the 
pelvic fins. The pectoral spine exhibited a moderate level of strength and possessed internal serrations of 
a delicate nature. The size of the pelvic fin was notably diminutive. The anal fin of considerable length 
was recorded to be extended beyond half of the body's length and terminated at the caudal fin base 
without merging with it. The caudal fin exhibited rounded lobes and a forked appearance, with the upper 
lobe being comparatively larger and slightly curved about the lower lobe. The body color of the specimen 
in question was silvery grey, which exhibited a darker hue on its dorsal side. The dorsal region might also 
display an olive coloration with a golden gloss, while the lateral aspect of the body appeared dull and 
white. Additionally, it is worth noting that a subtle orange-yellow band was frequently observed along 
the lateral line. The caudal and anal caudal fins exhibited a somewhat dusky appearance. 

 

 

Figure 1. Wallago attu 
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DNA Extraction and PCR amplification 

DNA extraction and PCR amplification were done successfully, as shown in Figures 2 and 3. PCR 
purified products were sent to the First BASE Lab, Malaysia, for barcode sequencing. 

  
Figure 2. DNA extraction products of Wallago attu Figure 3. PCR amplified product of Wallago attu 

Mitochondrial COI gene barcoding 

The sequencing product was aligned using the biological sequence alignment editor. The sequence 
size of Wallago attumwas 380 base pair was as shown in Figure 4. The barcoded sequence was 
submitted to the GenBank Database with Accession Number MT476360 as a reference. 

 

Figure 4. Sequence of Wallago attu 

 

NCBI BLAST Identification 

For the identification of unknown species, the sequence of nucleotides was BLAST on NCBI. The 
sequence of Wallago attu was found to be of 380 base pair in size, as was confirmed through gel 
electrophoresis by comparing it with the ladder size and when it was sequenced. The barcoded COI 
sequences of Wallago attu were BLAST with the National Centre for Biotechnology Information 
nucleotide database and examined for an accurate identity match. The BLAST analysis confirmed the 
100% similarity with relevant sequences of the mitochondrial region of Wallago attu in the GenBank 
databases. The BLAST analysis revealed that COI gene barcoded species sequences had 100% similarity 
with the relevant GenBank databases of mitochondrial region sequences, so it was confirmed that the 
fish species under investigation was Wallago attu (Table 4). 

 
Table 4. Fish specimen DNA sequence result with the GenBank confirmed the accurate identity of Wallago attu 
Identified species GenBank 
accession number  

Base pair maximum score GenBank 
identity match 

Identified species  

MT476360 380 100% Wallago attu 
 
The Neighborhood-Joining method was employed to construct phylogenetic ancestry. The 100 

bootstrap replicates showed the clustered taxa together. The K2P (Kimura 2-paramete) method 
calculated the phylogenetic ancestry genetic distances. The Neighbor-Joining hierarchy distinctly showed 
phylogenetic relationships among the species, with identical species clustered beneath the identical 
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nodes, while divergent species were clustered under discrete nodes with no exceptions. Genetic distance 
nucleotide divergence within species and inter-species was evaluated by the K2P method, which showed 
minimum distance. 

Discussion  

Previously, meristic features and morphometric characteristics were used for the identification and 
phylogenetic studies of species (Musikasinthorn, 2000). The species identification and phylogenetic 
studies based on morphological characteristics are still much controversial due to the complexity of 
morphological characteristics and evolutionary variations (Miyan et al., 2014). The utilization of DNA 
sequence variation in the mtDNA region of cytochrome c oxidase subunit I (COI) demonstrates a 
significant efficacy in the demarcation and recognition of animal species in a broad sense (Hebert et al., 
2003), and specifically in fish (Teletchea and Fontaine, 2010). To achieve this investigation's objective, 
Wallago attu specimens were subjected to molecular analysis utilizing COI gene sequencing for species 
identification.  

For identifying species, COI gene with 650 total base pairs was used (Lohman et al. 2009). However, 
in the present study, 618 bp were used.  The COI primer was used to identify species and diversity of the 
population (Khaliq, 2012). The efficient identification was done on a molecular basis that differentiates 
species with high morphological resemblance. For taxa, COI barcoding is more dependable for species 
identification. Species taxonomic identification was inferred with DNA barcoding accurately provided by 
exact similarity to species in the database Genbank (Zhang and Hanner, 2012). The primary objective of 
the DNA barcode is record keeping for all fishes by the Fish Barcode of Life (FISH-BOL). For both intra-
species and inter-species diversity, barcoding of DNA is considered to be an effective technique for 
species scrutiny and identity (Chakraborty and Ghosh, 2014).   

The present study has effectively documented the precise identification and phylogenetic 
correlation of Wallago attu using DNA barcode data. Taxonomic confusion can arise due to imperfect 
recognition of characteristic morphological variability in descriptions of older species, as noted by Ndiaye 
et al. (2014). According to Padial et al. (2010), gathering data from both morphological and molecular 
sources is imperative to effectively address taxonomic confusion. In the present study, utilizing molecular 
data derived from COI gene variability has facilitated the resolution of the identification and phylogenetic 
relationships of Wallago attu.  Recently, there has been a notable increase in the interest in DNA 
barcoding, particularly regarding fish species, as highlighted. The COI gene has been chosen as the 
standard barcode gene owing to its distinctive variation pattern across a wide range of intraspecific and 
interspecific species. According to Hebert et al. (2003), K2P genetic distances within populations are 
generally less than 1%, whereas K2P genetic distances exceeding 2% are infrequently observed in fish 
species across a wide range of taxa. The current investigation revealed that the genetic distance within 
the species Wallago attu based on K2P and p-distance was observed to be less than 1%.  

The measurement of sequence divergence has been conducted through the utilization of the 
Kimura 2-parameter (K2P) model, as proposed by Kimura (1980). The NJ tree exhibited a congruent 
phylogenetic arrangement among the taxa, and no instances of misclassification were detected. In the 
majority of studies, there was a tendency to group species that were congeneric and also those that 
were confamilial. The COI sequence data exhibits a discernible phylogenetic signal, as expounded upon in 
the earlier work of Lakra et al. (2011). The phylogenetic tree was utilized to analyze the evolutionary 
relationships among species. The clustering of species under distinct nodes was observed, with different 
species being grouped and the same species being clustered under the same tree node. The current 
study's findings align with those of previous research conducted by Naeem and Hassan (2019) and 
Naeem et al. (2020), who utilized a molecular approach to identify Labeo bata and Catla catla, 
respectively, through the analysis of COI gene sequences and the construction of NJ trees for each fish 
species. 

This study provides an essential validation of use of DNA barcode sequence molecular technique for 
fish species identification. It would be helpful for fish conservators, ecologists, and fisheries managers to 
understand these adaptive features and monitor the species diversity within complex ecosystems. 

Conclusion 

The utilization of DNA barcoding presented a viable substitute for conventional techniques in the 
identification of fish species. A cytochrome c oxidase I primer has been employed to identify specimens 
of unknown origin. The present investigation pertained to the molecular characterization of Wallago attu 
utilizing cytochrome c oxidase subunit I.  
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