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Genetic characterization of Giant River Catfish, Sperata seenghala from River Sutlej using mitochondrial COI marker

Abstract
The present study was aimed to generate baseline data on genetic stock structure of S. seenghala from River Sutlej to formulate effective management and conservation measures. In this study, S. seenghala stock from river Sutlej was characterized using mitochondrial cytochrome oxidase subunit I (COI) marker. A total of 26 numbers of raw COI sequences (>600 bp) obtained by Sanger sequencing showed nine haplotypes with haplotype diversity (Hd= 0.625), and higher nucleotide diversity (π=0.021) indicated that stock of S. seenghala was moderately genetically diversified. The phylogenetic analysis revealed that all COI sequences from Sutlej stock were clustered in one clade showing the monophyletic origin of species. The present study revealed that mitochondrial COI sequences generated during the study clearly confirm the species as S. seenghala with moderately higher genetic variation in its population from river Sutlej in Punjab region of India.
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1. INTRODUCTION
The freshwater catfishes including Bagrids constitute a major portion of the total fish production in India which comes mainly from capture fisheries. Catfishes of Bagridae family are distributed from Africa and Asia from Japan to Borneo and commonly known as Bagrid catfishes. These Bagrid catfishes have significant ecological and economic importance (Matunguru et al., 2023). These species are integral to the health of aquatic ecosystems, regulating food webs and nutrient cycling. Additionally, these Bagrid catfishes enjoy a high demand in the commercial market and possess significant economic value due to desirable characters, like -delicious meat, fewer intramuscular spines, and nutritional significance. The major Bagrid species from the Genus- Sperata, Mystus and Rita form a significant fishery along the River Sutlej in Punjab (Priyanka et al., 2020), including Sperata seenghala, commonly known as the Giant river-catfish, belongs to order Siluriformes. It is found in various freshwater areas across southern Asia, including Afghanistan, Pakistan, India, Nepal and Bangladesh. This species is widely distributed in major rivers of India, viz. Ganga, Yamuna, Brahmaputra, Godavari Krishna and Cauvery. It is one of the major commercial Bagrid species captured from River Sutlej with high market demand. Culture of this catfish has not yet been in practice at commercial level and consumer demand is entirely reliant on natural resources.
 The rapid urbanization and industrialization in the state of Punjab during the last few decades have adversely affected the water quality and ecosystem of River Sutlej resulting into threats to major fishes of the river. Riverine populations of several fish species are facing drastic reduction in number, mainly due to overfishing, habitat degradation, pollution, introduction of alien species, illegal fishing, global warming etc., throughout the world. This has adversely affected sustainability of many fishery resources by eroding their gene pools and as a result genetic diversity. Genetic diversity is essential for natural selection and support the existence of organisms with altering environments (Gandra et al., 2021). It contributes to the sustainable existence of species and is therefore a critical focus for conservation purpose (Funk et al., 2019). Therefore, knowledge on basic genetic stock structure and genetic characterization are pre-requisite for management and conservation of a species. 
Molecular genetic markers have proven to be essential tools in the fields of population genetics, conservation biology and evolutionary research (Roy et al., 2024). Mitochondrial DNA (mtDNA) markers are one of them, which have been frequently used for the evaluation of genetic variability, population genetics, demographic and evolutionary analyses, and characterization of stock (Habib et al., 2012; Sati et al., 2015). These molecular markers show variability within the populations and extensively used to evaluate the differentiation within and between the species (Roy et al., 2024). One of the most conserved protein coding gene in the mitochondrial genome, Cytochrome C Oxidase I (COI), a small fragment of almost 655 bp, is extensively used for genetic characterization as it exhibits adequate genetic variation to identify and differentiate the organism at species level (Ayyathurai et al., 2022). It is a rapid, effective, and low-cost approach for evaluating genetic diversity and relationship among species or populations (Hebert et al., 2004; Kamran et al., 2023). COI has discovered divergent evolution patterns and possible variations in the present taxonomic classifications (Ali et al., 2020; Modeel et al., 2024). 
Knowledge of basic genetic structure is vital to maintain the genetic identity and integrity of the species in their natural habitat by ensuring genetically sustainable fishery, which has further implications for sustainable fish production as well as for aquaculture development. Hence, mt-COI analysis in S. seenghala is of vital significance to evolve management and conservation strategies with long-term impact. Bagrid catfish species constitute a large share of the Sutlej fisheries after Cyprinids. S. seenghala (Giant River catfish) is one of the major commercial fishes captured from river Sutlej with high market demand. Culture of this catfish has not yet been in practice at commercial level and consumer demand is entirely reliant on natural resources. Despite being the major river and the most important capture fisheries resource of North-west India, studies on the genetic characterization of S. seenghala from River Sutlej is meagre. To fulfill this research gap, in present study, the genetic stock structure of S. seenghala from River Sutlej was assessed using mt-COI marker. The results obtained from this study will provide the baseline data for genetic management and conservation of species in river Sutlej.
2. Materials and Methods
2.1 Sample collection: Thirty specimens of S. seenghala (size- 500g-1kg) were collected from landing centers / fish markets representing catch from different stretches from upstream (Ropar), mid-stream (Ludhiana) and downstream (Hari-ke-pattan) of River Sutlej. Caudal fin clippings from the captured specimens were kept in 95% ethanol and stored at − 20 °C until DNA extraction. Initially, all the specimens were identified up to genus level based on the morphological characteristics using identification keys of Talwar and Jhingran (1991) and Jayaram (1999). Documentation of morphological characters by these taxonomists briefly summarized here as- the body of fish is devoid of scales, elongated and compressed with broad and spatulated snout, dorsal profile from rayed dorsal fin shallow concave up to caudal peduncle; abdomen convex and broad; upper jaw rather the longer; mouth almost terminal, with shallow cleft reaching half the way to the orbit; barbels-4 pairs, the maxillary ones extend to the middle or just beyond the hind margin of the dorsal fin, the nasal to opposite the middle of the orbit, the external mandibular ones to the base of the pectoral fin; fins- two dorsal fins, the first with one spine and a few rays, and the second dorsal is adipose, caudal fin deeply forked, upper lobe longer with its tip bending downwardly (Gupta, 2014). 
2.2 DNA extraction and amplification of Cytochrome C oxidase I gene (COI): Total genomic DNA was extracted from fin clippings using the standard phenol–chloroform protocol (Sambrook et al., 1989) with minor modifications. The extracted genomic DNA was dissolved in TE buffer (10 mM of Tris–HCl & 0.1 mM of EDTA) of pH 8.0, and further its qualitative and quantitative analyses were performed using a UV spectrophotometer. The PCR amplification of samples were performed using universal primer pair (Fish F1 5'-TCAACCAACCACAAAGACATTGGCAC-3' and Fish R1 5'-TAGACTTCTGGGTGGCCAAAGAATCA-3') to amplify a partial segment of about 655 bp (mt DNA COI gene) from total fish genomic DNA (Ward et al., 2005). The PCR amplification was performed in a reaction mixture of 50 μl consisting 10X amplification buffer, 10 pmol each primer, Taq DNA polymerase 2 μl (1 unit), 2.5 mM of each dNTPs (GeNei, India) and 50 ng of template DNA in a thermal cycler (T100, Bio-Rad, USA). The PCR amplification protocol was, initial denaturation at 95°C for 3 min, followed by 30 cycles of denaturation at 95°C for 30 sec; annealing at 55°C for 30 sec and extension at 72°C for 60 sec; and a final extension step at 72°C for 10 min. The purified PCR products were obtained and bidirectional Sanger sequencing of COI amplicons were outsourced to Scigenom, Cochin with forward (FishF1) and reverse (FishR1) primer reactions.
Table 1:	Sequences obtained from NCBI for comparative analysis with Sutlej population of S. seenghala
	Species
	Fragment
	Accession no.
	Location

	S. seenghala
	CO I
	JX983221
	Narmada River

	S.seenghala
	CO I
	KM114579
	North-East India, Tripura

	S. seenghala
	CO I
	FJ459515
	North India

	S. seenghala
	CO I
	KX946811
	Western ghats of India

	S. seenghala
	CO I
	KU588164
	South- West India
(Maharashtra)

	S. seenghala
	CO I
	MN215464
	Central India (Bhopal, Madhya Pradesh)



2.3 Sequence analysis, alignment and phylogenetic analysis: The sequencing data and chromatograms obtained were observed and verified by DNASTAR Lasergene software (DNASTAR, USA) for any errors and discrepancies. Quality trimming was extracted from raw sequencing reads obtained by Sanger sequencing. Sequencing bases having a sequencing quality value (QV) of less than 20 were deleted from both ends. The metric QV> 20 is widely used to assess the quality of sequencing data. It signifies that the chance of a base being miscalled was less than 1%.  The obtained sequences were also subjected to BLAST analysis to determine the homology with S. seenghala sequences accessed from GenBank. All DNA sequences were aligned using the ClustalW algorithm (Thompson et al., 1994) in MEGA 11.0 software. After the alignment, the neighbour joining (NJ) phylogenetic tree was constructed (Tamura et al., 2011) using the Kimura two parameter (K2P) distance model and compared with cyprinid Labeo rohita as an outgroup. DnaSP v6 software was used to calculate the number of haplotypes (h), haplotype diversity index (Hd), and nucleotide diversity index (π) (Librado and Rozas, 2009). 
3. Results and Discussion
In the present study, after sequence alignment and quality reduction, sequence reads of 648 base pairs were generated, belonging to the same clade (Fig. 1). Computational analysis through BLAST showed that all the COI sequences of S. seenghala from River Sutlej were 100% identical and the fact is also supported by the morphometric characterization of S. seenghala from Sutlej by Kaur et al. (2022).  The mitochondrial COI gene sequences of other populations of S. seenghala from diverse geographical areas of India were extracted from NCBI (www.ncbi.nlm.nih.gov) (Table 1) for species confirmation. Two outgroups COI sequences from Labeo rohita were found grouped together and isolated from S. seenghala COI sequences, indicating the reliability of phylogenetic tree representation.
In reference to present study, the overall genetic distance in different populations of S. seenghala (intraspecific) and from outgroup population of L. rohita (interspecific) was estimated as 0.085. The intraspecific genetic distance among different individuals of S. seenghala from River Sutlej ranged from 0.00 to 0.107%, while with outgroup (L. rohita) 0.221-0.239 suggested moderate intraspecific genetic differentiation. The Kimura 2-Parameter (K2P) model of genetic distance estimation remains one of the most widely used methods for assessing nucleotide divergence. In present study, range of genetic distance (0.00-0.107) indicated genetically identical individuals, while values near 0.1 are indicative of substantial diversity, possibly reflecting the influence of microevolutionary processes such as local adaptation, genetic drift, or limited gene flow among subpopulations. These findings are consistent with previous studies that have reported similarly high intraspecific divergence in widely distributed freshwater fish species (Ward et al., 2005). In addition, the interspecific K2P distances with outgroup species revealed pronounced divergence and strongly supports the taxonomic separation between the two species and demonstrates the utility of K2P analysis for delineating species boundaries. The presence of genetic gap between two species in this study confirms that the genetic data are robust and sufficient for accurate species identification and phylogenetic inference. The K2P genetic distance analysis in various barcoding studies revealed that variations in barcode continue to increase from species to genus, family, order (Ward et al., 2005, Lakra et al., 2011, Soman et al., 2020). Generally, the variations among the species are supposed to be ten times higher than that of within the species (Hebert et al., 2004). Sajjad et al. (2023) reported the genetic distance in a range of 0.000 to 0.038% in Wallago attu population from Indus River with similar finding of Mudumala et al. (2011). Skihka et al. (2022) also reported pairwise genetic distance from 0.000 to 0.183% in Channa marulius from river Sutlej. Genetic distance is a significant parameter to record the intraspecific or intrapopulation genetic divergence, whether the distance measures the time from a common ancestor or the degree of differentiation (Wei et al., 2023). 
The phylogenetic study offers the most precise rebuilding of evolutionary associations and distances among the nucleotide sequences. The  analysis involved  26 nucleotide sequences of S. seenghala from river Sutlej. The phylogenetic tree constructed using the Neighbor-Joining (NJ) method based on mitochondrial DNA sequences and K2P genetic distances effectively resolved the evolutionary relationships among S. seenghala individuals from the River Sutlej, with L. rohita serving as the outgroup. The resulting phylogenetic tree revealed clear clustering patterns that support both species-level distinctiveness and intraspecific genetic divergence.
[image: ]
Fig. 1: 	Phylogenetic tree representing genetic relationship in S. seenghala COI sequences. The outgroup Labeo rohita COI sequences GU195110 and GU195112 were used to test the phylogenetic tree's reliability.

The Sutlej stock of seenghala were also compared with, reference sequences of seenghala population form different geographical resourecs (downloaded from NCBI with accession numbers) as Table 1. The identical relationship among the COI gene sequences of S. seenghala were represented using Labeo rohita as an outgroup species, where COI sequences from both the species were seggregated into different clades. 
The individuals of S. seenghala formed a monophyletic clade, indicating that all sampled individuals share a common ancestor and validating their taxonomic identity. However, the presence of sub-clades within this group suggests underlying genetic structure, possibly reflecting population sub-structuring, or the influence of environmental heterogeneity within the Sutlej River system. These findings are consistent with the moderate intraspecific genetic distances (up to 0.107) observed in the K2P analysis, which further supports the possibility of local differentiation or the existence of distinct genetic lineages within the river population. Further, L. rohita formed a distinct and well-separated clade as an outgroup species with interspecific genetic distances ranging from 0.221 to 0.239. This substantial divergence confirms the reliability of the COI markers to supports the evolutionary difference between the two species.
Changeover (r) / substitution from one individual base to a different base are possible at each entrance. The rates of various intermediary substitutions (transitional) are highlighted as bold, while transversional substitutions are represented in italics (Table 2). During the present study, the nucleotide frequencies were estimated as A= 25.77 %, T = 29.88 %, G = 17.73 % and C = 26.63 %, when the sum of r values is made equal to 100 for simplicity. The specific composition of nucleotide content helps in species identification, reveals evolutionary relationships, and informs conservation efforts.  Variations in nucleotide sequences, particularly in the CO1 gene, are used to differentiate species, assess genetic diversity within populations, and construct phylogenetic relationships.  The nucleotide composition of COI gene in present study were reported with higher average AT content (55.65%) than average GC content (44.36 %). Similar findings with higher AT and lower GC content were reported in Wallago attu (46.2%) from river Indus (Sajjad et al., 2023) and Channa marulius (47.5%) from river Sutlej (Shikha et al., 2022). Min and Hickey (2007) stated a robust relationship between the GC content of the COI segment and the mitochondrial genome.  Ward et al. (2005) described GC content in fishes, ranging from 38.4 to 43.2 % for the whole mitochondrial genome and 42.2-47.1% for COI gene, attributed to third base variation. The GC content reported in present study (44.36%) is in conformity with above range.  Further, similar findings with lower GC content were recorded in Ompak bimaculatus (Mandal et al., 2025) and in Cynoglossus arel (Soman et al., 2020). The lower GC content observed may be attributed primarily to mutation bias favoring A and T nucleotides in animal mitochondrial DNA (mtDNA) (Clary and Wolstenholme, 1985). The AT-rich nature of mitochondrial COI sequences in fishes is generally attributed to mutation bias and asymmetric replication mechanisms within the mitochondrial genome (Reyes et al., 1998), resulted in relative depletion of guanine (G) and enrichment of thymine (T) (Faith and Pollock, 2003; Hassanin et al., 2005). Furthermore, this nucleotide composition bias is reflected in codon usage within the mitochondrial COI gene. Teleost fishes often show a strong preference for A- and T-ending codons, especially at the third codon position, which can affect translation efficiency and protein structure due to mitochondrial translation system constraints (Satoh et al., 2016; Song et al., 2022).
Table 2: Maximum Likelihood Estimate of Substitution Matrix
	 
	A
	T
	C
	G

	A
	-
	2.58
	2.30
	19.15

	T
	2.23
	-
	16.83
	1.53

	C
	2.23
	18.89
	-
	1.53

	G
	27.84
	2.58
	2.30
	-



In present investigation, 26 COI sequences were reported with a total of 9 haplotypes in Sutlej population of S. seenghala. Out of total 26 sequences studied, 16 sequences were found in (SS1, SS5, SS6, SS7, SS13, SS14, SS15, SS16, SS17, SS20, SS21, SS23, SS25, SS26, SS27, SS28) haplotype 1, two sequences (SS4, SS29) in haplotype 3, two sequences (SS10, SS11) in haplotype 4 while the remaining sequences had a separate haplotype. Out of total 26 sequences studied, presence of 16 sequences (61%) in a single haplotype (haplotype 1) indicated that one type of genetic stock is dominant in present population of S. seenghala from Sutlej. Datta et al. (2022) reported only 3 haplotypes out of 13 COI sequences of S. seenghala from Harike wetland. In another study by Kumari et al. (2016), a total of nine haplotypes from River Ganga, three from Brahmaputra and six form Mahanadi were inferred from cyotochrome b gene in S. seenghala populations. In the present study, the values for haplotype diversity and nucleotide diversity were estimated to be as 0.625 and 0.021, respectively. The probability of two randomly sampled alleles is similar or not, can be assessed by haplotype diversity while nucleotide differences per site in DNA sequences through pair wise comparisons may be assessed by nucleotide diversity (De Jong et al., 2011).  As the haplotype diversity (Hd) is a probability metric, the value for Hd ranges between 0-1. Average higher value (closer to 1) of Hd in the present study (0.626) indicated that stock of S. seenghala in River Sutlej is genetically diversified in moderate to high fashion. Similar values of haplotype diversity of S. seenghala (0.643) was recorded in Ganga river population, while lower in Brahmaputra (0.227) and higher (0.810) in Mahanadi (Kumari et al., 2016). Higher nucleotide diversity values in the present study (0.021) revealed more differences between haplotypes in S. seenghala population. In contrary, S. seenghala from Ganga, Brahmapura and Mahanadi were recorded with lower nucleotide diversity (Kumari et al., 2016). Genetic structure analysis of different populations of Wallago attu using two mtDNA markers (COI, Cytb) from Indus, Chenab and Ravi rivers indicated a high haplotype (0.343 ± 0.046 to 0.870 ± 0.023) and low nucleotide diversity (0.0024 ± 0.012 to 0.0038 ± 0.018) among single and combined gene sequences, respectively (Sherzada et al., 2024). High haplotype and low nucleotide diversity suggest recent population expansion from a small initial gene pool, in which new mutations creating many distinct haplotypes. Similarly, in another study from different rivers of Ganga river system, high haplotype diversity (Hd=0.99) was recorded within W. attu populations (Kumar et al., 2024). In continuation, the Cytochrome b, ATPase 6/8 and combined genes revealed high haplotype diversity (h = 0.6784 to 1.000) and low nucleotide diversities (0.001 to 0.012) in different riverine populations of Butter catfish, Ompak bimaculatus (Mandal et al., 2025). Higher values of haplotype diversity in above studies reflects the genetic variability within the species. In the area of population genetics, variety of factors, like- gene flow, size of population and mutation decide the haplotype patterns in riverine populations (Cheriyan et al., 2023). However, it is essential to consider other factors that are haplotype composition, gene flow, fishing pressure, and demographic history, to understand the genetic differentiation in the populations along with haplotype richness. 

4. Conclusion
[bookmark: _Hlk183754129][bookmark: _Hlk183754073]In present study, mt-DNA marker i.e. Cytochrome C Oxidase subunit I (COI) revealed the genetic stock structure of S. seenghala from river Sutlej. The haplotype and nucleotide diversity values observed in present study indicated moderately higher genetic diversity in S. seenghala population. As, drafting of an appropriate conservation program needs careful and accurate assessment of target fish species, the COI sequences generated in present study clearly identified the species as S. seenghala from river Sutlej in Punjab (India) region. The data base generated during present study will be aiding in species management, stock identification, and fish diversity conservation leading towards sustainable utilization, effective resource management and conservation strategies for S. seenghala from river Sutlej. 
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