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                     Abstract 
 In this study, we examined the genetic diversity and population structure of the Silurid cat“ sh,� Wallago � attu  (Bloch and�Sch-
neider 1801), across four major river basins of the northern part of the Eastern Ghats in the state of Odisha, India by targeting 
the mitochondrial D-loop region with the help of designed primers for the “ rst time to obtain the nucleotide sequences for 
the mentioned area. Mitochondrial D-loop region from 35� W. attu �individuals collected from 16 di� erent sample sites in 
four major rivers of Odisha were obtained and analysed. The study reveals high gene diversity (Hd: 0.87) of the species� W. 
attu �in di� erent populations in the four river basins. The study enumerates a total of 13 haplotypes with 3 major clades along 
with Pairwise Fixation Index ( FST :�0.022) and higher gene ” ow (Nm: 5.13) values indicating no signi“ cant di� erences 
( p-value  > 0.05) and the recent population expansion is evident from the Tajima•s� D� value �  0 . This is the “ rst report of the 
haplotype networking of this species based on the mitochondrial D-loop region for the said area. The di� erent populations of 
the species� W. attu �in the present study have shown no signi“ cant genetic variation which indicated that there may be reduced 
adaptive potential and there is a need for strategic intervention based on genetic data to come up with e� ective management 
practices for the wild population of the “ sh� W .� attu , which is under vulnerable category of IUCN. 

   Keywords     Haplotype networking   �·  Genetic diversity   �·  Strategic intervention   �·  Conservation   �·  Freshwater  

      Introduction 

 Freshwater “ shes are a vital component of the natural eco-
system and very precious for both nutrition and livelihood. 
Freshwater bodies and riverine ecosystems are playing a cru-
cial role by acting as natural breeding sites for these “ shes 
(Patra et�al.  2017 ). The population of “ sh species often have 
di� erent genetic diversity patterns and distribution patterns 
in di� erent riverine ecosystems. The “ sh population may 
show signi“ cantly di� erent population structure and genetic 

diversity due to di� erent evolutionary selection pressures 
and colonization events in two neighbouring rivers. Fur-
ther, di� erent riverine ecosystems and aquatic bodies are 
subjected to di� erent levels of anthropogenic activities, 
over“ shing, exotic “ sh species introduction, environmental 
challenges, and pollution (Zhao et�al.  2018 ). The genetic 
diversity studies of these “ shes can provide a better under-
standing of species delimitation and their “ shery resource 
potential. High genetic diversity is an indication of a stable 
population. Therefore, for better conservation and manage-
ment strategies of freshwater “ sh resources, we need to 
understand the genetic diversity of these “ shes in a better 
way (Shen et�al.  2016 ; Zhao et�al.  2018 ). 

 Although DNA barcoding is a very popular tool and is 
considered the gold standard in species identi“ cation, for 
population structure, genetic diversity studies D-loop region 
of mitochondrial DNA proves to be more e� ective (Zhao 
et�al.  2018 ). The D-loop region, or the displacement loop, 
located in between the tRNA-Pro and tRNA-Phe genes, is a 
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non-coding control region of the mitochondrial DNA (Hoe-
lzel et�al.  1991 ). The reduced functional constraints may be 
the reason that some regions of the D-loop region evolve 
much faster rate as compared to the average mitochondrial 
sequences. This region shows a high rate of mutation (muta-
tional hotspot), no recombination, and is inherited mater-
nally, hence serving as a potential biomarker in population 
structure and genetic diversity studies of di� erent animal 
groups including “ shes. This is useful in phylogenetic stud-
ies and phylogeographic analysis as well (Zhao et�al.  2018 ). 

 The family Siluridae of the order Siluriformes is one 
among the commercially exploited families and some spe-
cies under the family are put under critically endangered 
(CR), endangered (EN), vulnerable (VU), and near threat-
ened (NT) categories under the IUCN red list. In India, the 
number of “ shes reported under the family Siluridae is 13, 
out of which 1 species ( Pinniwallago kanpurensis  Gupta, 
Jayaram and Hajela, 1981) is under CR category, 3 species 
viz.  Ompok karunkodu  Ng, 2013;  Pterocryptis barakensis  
Vishwanath and Nebeshwar Sharma, 2006 and  P. wynaaden-
sis  (Day, 1873) are under the EN, 3 species viz.  Ompok 
bimaculatus  (Bloch, 1794);  O .  pabda  (Hamilton, 1822) and 
 O .  pabo  (Hamilton, 1822) are under NT, 1 species,  Wallago 
attu  (Bloch & Schneider, 1801) is under VU category, 3 spe-
cies i.e.  Ompok malabaricus  (Valenciennes, 1840);  P. berd-
morei  (Blyth, 1860) and  P .  cochinchinensis  (Valenciennes, 
1840) are under the least concern (LC) category, while the 
exact status of 2 other species viz.  P. gangelica  Peters, 1861 
and  P .  indica  (Datta, Barman and Jayaram, 1987) are not 
known (Gopi et�al.  2017 ; IUCN  2024 ). The species  Wallago 
attu  (Bloch and Schneider, 1801) has a high commercial 
value. The geographical distribution of this species�is in 
the larger part of South and Southeast Asia; with a disjunct 
distribution between the Indian subcontinent and Southeast 
Asia (Roberts  2014 ). 

 The Eastern Ghats, a discontinuous range of mountains, 
run along India's eastern coast. The northern part of the 
Eastern Ghats covers areas primarily in the states of Odisha 
and parts of Andhra Pradesh. The river basin of Odisha, 
India is divided into 11 numbers, the Mahanadi River basin 
being the largest covering a catchment area of 1,41,134 sq. 
km., and the Bahuda being the smallest covering a catch-
ment area of 1,118 sq. km (Department of Water Recourse, 
Govt. of Odisha  2021 ). 

 The recent work by Kumar et�al. ( 2024 ) on the popula-
tion genetic structure of  W. attu  was based on cytochrome c 
oxidase subunit I (COXI), cytochrome b (Cyt b), and control 
region (CR) from seven tributaries of the Gangetic River 
System (GRS). During the present work, we explored the 
population structure of  W. attu  concerning haplotype analy-
sis based on the D-loop region of mitochondria collected 
from the riverine systems of the Northern Part of the East-
ern Ghats in the state of Odisha. No previous research has 

been conducted on haplotype analysis of any mitochondrial 
genes of the species  W. attu  from this region. To further 
comprehend the haplotype structure and genetic divergence, 
we also examined the genetic exchange between the various 
populations of the species. 

    Materials and�methods 

   Sampling 

 A total of 52 specimens of  W. attu  were collected through 
random sampling using gill net operation from April 2022 to 
March 2024, for a period of two years from di� erent major 
rivers basins of Odisha viz., Mahanadi, Rushikulya, Bram-
hani, and Budhabalanga (Fig.� 1 ). The species was identi“ ed 
based on the keys and description provided in the standard 
literature (Talwar and Jhingran  1991 ; Kottelat  2001 ). These 
specimens were taken from the wild populations of the men-
tioned water bodies. The muscle tissues from the dead “ sh 
samples of  W. attu  were collected from the “ shermen and 
then immediately preserved in absolute alcohol for molecu-
lar studies.         

    DNA extraction and amplifi cation 

 The DNA from the tissue samples�were isolated�by the 
salting-out method according to protocol by Sambrook and 
Russel ( 2001 ).�For recon“ rmation of the species identi“ -
cation, we�carried out the ampli“ cation of�mitochondrial 
Cytochrome C Oxidase subunit I gene (mtCOI) sequences of 
a few individuals of the species� W. attu �( n  = 3).�The primer 
set used for the mtCOI gene ampli“ cation were FishF1 and 
FishR1�and�the PCR condition was as per Seth et�al. ( 2023 ). 
The primers mentioned were synthesized, and sequencing of 
the mtCOI gene was conducted using the Sanger sequencing 
method at Barcode BIO-science Pvt. Ltd., Bangalore, India. 
The “ nal COI gene sequences were submitted to the NCBI 
database to obtain accession numbers (OP209953: 611�bp; 
OP185230: 621�bp; OR864270: 685�bp). 

 For the variable D-loop region of  W. attu , a pair of 
species-speci“ c primers were designed from the complete 
mtDNA sequence available in the NCBI database using the 
tool Primer-BLAST (Ye et�al.  2012 ). The forward primer 
with the sequence 5•CGA CCA TAA CTC CTA GAA CAC TAA 
A3•, and the reverse primer with the sequence 5•CAT TCG 
TTG ACC ATG CCA ATAG3• were utilized for the ampli“ ca-
tion. The PCR conditions for amplifying the D-loop region 
were as follows: initial pre-denaturation at 94�°C for 2�min, 
followed by 35 cycles of denaturation at 94�°C for 30�s, 
annealing at 54�°C for 30�s, extension at 72�°C for 1�min, 
and a “ nal extension step at 72�°C for 10�min. The primers 
were synthesized and the sequencing of the PCR product 
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was carried out through the Sanger sequencing method at 
the Barcode BIO-science Pvt. Ltd., Bangalore, India. Out 
of the 52 samples, we were able to obtain ampli“ ed product 
from 35 samples that were submitted to the NCBI GenBank 
[Mahanadi ( n  = 14), Rushikulya ( n  = 14), Budhabalanga 
( n  = 4), and Brahmani ( n  = 3)]. The details of the accession 
numbers along with their site of collection are mentioned 
in Table� 1 .  

    DNA analysis 

  For COI gene : The multiple alignment and Kimura-2-Par-
amter (K2P) distance analysis were carried out through the 
MEGA X (Kumar et�al.  2018 ) for the con“ rmation of the 
species identity. 

  For D-loop region : The obtained multiple sequences 
were aligned by using the CLUSTAL W algorithm 
embedded in the software package MEGA X (Kumar 
et�al.  2018 ). To test whether all the sequences submit-
ted during the analysis belong to the same species  W. 

attu,  we performed the Assemble Species by Automatic 
Partitioning (ASAP) analysis for species delimitation 
with the default settings and standard protocols (Puil-
landre et�al.  2021 ; Seth and Barik  2021 ).�Estimates of 
effective population sizes and rates of gene flow among 
regions were calculated using the program DnaSP version 
6 (Rozas et�al.  2017 ). Using the PopART v 1.7 program, 
a median-joining (MJ) network was built to visualize 
the spatial distribution of haplotypes (Leigh and Bryant 
 2015 ). Population genetic indices were calculated using 
nucleotide data of the mt D-loop region. Apart from this, 
the haplotype diversity (Hd), nucleotide diversity (�), and 
genetic distances among haplotypes ( Fst ) were calculated 
using DnaSP version 6. The number of migrations (Nm) 
was found out from the  Fst  value based on the formula 
Nm = (1…Fst)/4Fst. The ARLEQUIN 3.5 was used to 
quantify gene diversity within and between populations 
using the Analysis of Molecular Variance (AMOVA) 
(Excoffier and Lischer  2010 ). Tajima's D (Tajima  1989 ) 
and Fu's Fs (Fu  1997 ) neutrality tests were performed to 

  Fig. 1       Map of the study area with di� erent collection sites of  Wallago attu  (Bloch and Schneider, 1801)  
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  Table 2       K2P values of divergence in percentage of mtCOI gene of  Wallago attu  with other sequences of NCBI data base and outgroup  

  Sequences    Sequence code    S1    S2    S3    S4    S5    S6    S7    S8  

  OP209953  W .  attu  17 (Present Study)    S1                  

  OP185230  W .  attu  30 (Present Study)    S2    1.16                

  OR864270  W .  attu  179 (Present Study)    S3    1.33    0.16              

  JX983508.1  W .  attu  (Madhya Pradesh)    S4    0.83    0.65    0.77            

  OR148236.1  W .  attu  (Punjab)    S5    0.49    0.65    0.77    0.31          

  KX946827.1  W .  attu  (Maharashtra)    S6    0.83    0.65    0.80    0.00    0.32        

  MK572628.1  W .  attu  (Bangladesh)    S7    0.50    0.65    0.77    0.31    0.00    0.32      

  JX983421.1  Ompok bimaculatus  (Outgroup)    S8    14.62    14.12    13.59    13.22    13.33    13.66    13.02    0.0  

  Fig. 2       Species partitioning of mt D-loop region of  W. attu  populations using assemble species by automatic partitioning  
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di� erent freshwater “ sh (Alves et�al.  2001 ; Mesquita et�al. 
 2002 ; Perdices et�al.  2004 ) are in line with these “ ndings 
(moderate � and high Hd). The comparison of the diversity 
(Hd and �) of the four populations of Odisha shows that 
the Rushikulya population has the lowest diversity of all 
sampled populations. Table� 3  indicates that there is modest 
nucleotide diversity but a very high haplotype diversity in 
the Budhabalanga and Brahmani populations. This may be 
due to the small sample size from these two riverine basins. 

 The pairwise  F   ST   estimates revealed non-significant 
genetic di� erentiation between the populations from all 
the riverine basins considered during the study at  p  < 0.05 
signi“ cance level (Table� 3 ). These non-signi“ cant di� er-
ences in the� F   ST  �among the di� erent populations signify that 
these populations are interconnected although they were col-
lected from di� erent river basins. This observation is fur-
ther supported by the higher Nm value among the di� erent 
populations. 

 The minimum-spanning network (Fig.�  3 ) showed 13 
haplotypes forming 3 clades with the highest number of 
mutation sites (23) between Hap 4 and Hap 7. A distinct 
mutation of sequences where also observed between Hap 
5 and Hap 10 (11 mutation sites). The neutrality test sug-
gests Tajima•s� D �value is �  0,� which shows recent population 
expansion and a smaller sample size of Budhabanga and 
Brahamani rivers. 

    Conclusion 

 These “ ndings provide valuable insights into the genetic 
diversity and spatial connectivity of the  W .  attu  species 
across the four riverine basins in the northern Eastern Ghats. 
This knowledge is essential for crafting e� ective conserva-
tion strategies and ensuring the sustainable management of 
this invaluable resource across Odisha's riverine basins. The 
haplotype networking�which�is�based�on the D-loop region 
of this IUCN-vulnerable “ sh� W .  attu �is the “ rst of its kind for 
the Northern part of Eastern Ghats as it�was not reported�ear-
lier, giving valuable information that can�be utilised for its 
long-term conservation approaches .  The di� erent popula-
tions of the species �W .  attu �in the present study have shown 
no signi“ cant genetic variation�which�indicated that there 
may�be reduced�adaptive potential and there is a need for 
strategic intervention based on genetic data to come up with 
e� ective management practices for the wild population of 
the IUCN vulnerable “ sh  W .  attu . 
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