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MOLECULAR PHYLOGENETIC ASSESSSMENT OF GARRA MULLYA (SYKES, 1839) AND PARAMBASSIS RANGA (HAMILTON, 1822) FROM UJANI RESERVOIR OF MAHARASHTRA, INDIA


Abstract: 
The molecular phylogenetic assessment of Garra mullya and Parambassis ranga from Ujani Reservoir of Maharashtra was done in this study. Garra mullya is found in freshwaters of India and Nepal. Parambassis ranga is inhabitant of Asian countries India, Bangladesh, Nepal Myanmar, Malaysia, Pakistan and Thailand. Both these species are abundantly observed in Ujani reservoir. Present study reveals prominent genetic structuring across their Indian distribution ranges. G. mullya sequences generated in this study show strong affinity to Maharashtra populations, indicating limited divergence and a cohesive regional lineage. P. ranga demonstrates considerable phylogenetic fragmentation, with the study uncovering distinct lineages associated with northeastern India and Maharashtra, supporting previous assertions of crypticism within the species complex. These findings highlight the importance of molecular tools in resolving species identities, understanding phylo-geographic patterns, and identifying evolutionarily significant units.
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1. Introduction: 
DNA barcoding is one of the most widely applied molecular tools for taxonomic research, facilitating reliable identification and discovery of species across diverse biological groups (Hajibabaei et al., 2007; Stein et al., 2014). Within a decade, the approach has been adopted in more than a thousand projects worldwide, underscoring its rapid acceptance and utility. Its effectiveness has been demonstrated in numerous animal taxa, encompassing both invertebrates and vertebrates (Hebert et al., 2004; Huemer et al., 2014). Among these, fishes represent one of the most extensively studied groups. DNA barcoding has significantly advanced ichthyofaunal surveys in both marine and freshwater systems across India, enabling the resolution of cryptic species complexes and revealing previously unrecognized diversity (Samulski et al., 1991; Chakraborty et al., 2016). Assessment of fish diversity and genetic variation is fundamental for effective fisheries development and management (Panprommin et al., 2019).  
In fish systematics, the mitochondrial cytochrome c oxidase subunit I (COI) region is particularly useful because it provides a standardized sequence for comparing specimens with reference libraries while remaining sufficiently conservative for broad amplification across taxa. Its value for species-level identification has been demonstrated in foundational animal-barcoding work and in large fish-barcoding datasets, where most species formed recognizable sequence clusters (Hebert et al., 2003; Ward et al., 2005; Lakra et al., 2016).
Traditionally, species identification has relied on morphological and meristic traits such as fin ray counts and scale numbers. However, these characters often overlap among species, making accurate identification challenging (Bingpeng et al., 2018). In the context of molecular taxonomy, the integration of gene sequence analysis with classical morphological evaluation provides a more robust framework for species identification (Schoenemann et al., 2019). Molecular markers particularly mitochondrial and nuclear gene sequences are now routinely employed to support species discrimination and to assess intra-specific and inter-specific genetic diversity (Sanders et al., 1995; Gruenthal & Burton, 2006). This combined approach enhances taxonomic resolution and contributes to a more comprehensive understanding of fish biodiversity.
Garra mullya (Family: Cyprinidae), commonly referred to as the stone sucker, was first described from its type locality in the Bhima River at Daund, Maharashtra. It exhibits a broad distribution throughout the inland waters of India, except for the Himalayan and Assamese regions (Talwar & Jhingran, 1991). Within the Ujani wetland, the focal site of the present study, G. mullya has previously been reported by Yazdani & Singh (2002), Sarwade & Khillare (2010), and Markad et al. (2025). The genus Parambassis, formerly placed under the order Perciformes and now classified within Ovalentaria, comprises 19 valid species with a distribution largely confined to the Asian continent. Parambassis ranga (Family: Ambassidae), widely known as the Indian glassfish, was originally described from the Gangetic plains (Hamilton, 1822). The present study employs COI-based sequencing to elucidate the genetic identity and phylogenetic placement of G. mullya and P. ranga from the Ujani wetland, Maharashtra, thereby contributing to regional biodiversity assessments and improving molecular reference data for these taxa.
Recent Indian freshwater-fish barcoding studies further indicate that COI data can strengthen regional faunal inventories by clarifying specimen identity, detecting divergent haplotypes, and highlighting candidate cryptic diversity across river systems and biodiversity hotspots (Barman et al., 2018; Kundu et al., 2019; Modeel et al., 2024). In this context, additional sequence records from Ujani wetland are valuable because reservoir and riverine habitats in India can contain geographically structured fish populations that require careful taxonomic and conservation interpretation (Khedkar et al., 2014; Patil et al., 2018).
2. Material and Methods:
2.1. Collection and Preservation of Samples
Field sampling was conducted between 2022 and 2023 in Ujani wetland, Maharashtra, India. Specimens were obtained during multiple field visits using standard capture methods. Tissue samples intended for molecular analyses were excised from muscle or fin tissue and immediately preserved in 95% ethanol to ensure DNA integrity. 
2.2. DNA Extraction and 
Genomic DNA was isolated from fin clips of fish by using DNeasy Blood and Tissue Kit (Qiagen made), following instructions and protocol. The purified DNA was then eluted in 100 µL of 10mMTris-Cl buffer (pH 8.0) and quantified with a Qubit 2.0 fluorometer. 
2.3. PCR Amplification
Samples yielding ≥50 ng of DNA were selected for PCR amplification procedure of the mitochondrial COI gene using Folmer’s universal primers LCO1490 (5'-GGTCAACAAATCATAAAGATATTGG-3') and HCO2198 (5'-TAAACTTCAGGGTGACCAAAAAATCA-3') (Vrijenhoek, 1994). Positive amplicons were processed for purification using QIAquick PCR Purification Kit (Qiagen) and then sent for bidirectional sequencing on ABI 3730xl Genetic Analyzer. Resulting sequences were submitted to NCBI.

2.4. Phylogenetic Tree Construction
Raw sequence chromatograms (.ab1 files) were inspected and manually curated in CHROMAS Lite (version 2.6.6). Sequence identities were validated using the BLAST algorithm against the NCBI nucleotide database (Altschul et al., 1990; Johnson et al., 2008). Phylogenetic reconstruction was performed in MEGA X employing the Maximum Likelihood method under Tamura 3-parameter (T92) substitution model. Total 90 and 41 sequences of different genera of Ambassidae and Cyprinidae respectively, were downloaded from GenBank. 
3. Results and Discussion:
3.1. Phylogenetic assessment of Garra mullya:
The Maximum Likelihood (ML) phylogenetic reconstruction based on mitochondrial COI sequences revealed clear genetic structuring within Garra mullya across its distributional range in India. The sequences generated in this study (AA1F–AA3F and AA1R–AA3R) consistently clustered within the major G. mullya clade representing populations from Maharashtra, including publicly available sequences such as MK440699.1. Their placement within a strongly supported sub-cluster indicates a high degree of genetic similarity and affirms their taxonomic identity as G. mullya from this region (Figure 1).
The close genetic affinity of the newly generated sequences to previously reported Maharashtra specimens suggests low intra-specific divergence within this population. In contrast, G. mullya sequences from Chhattisgarh, Andhra Pradesh, and Madhya Pradesh formed adjacent but distinct sub-clusters, pointing to possible geographic structuring and the presence of region-specific haplotypes. Such divergence is likely shaped by historical river basin separation and localized ecological pressures (Khedkar et al., 2014).
Sequences originating from Rajasthan and Chhattisgarh also grouped within the broader G. mullya lineage but exhibited subtle genetic differentiation. These patterns may reflect environmental adaptation, demographic isolation, or historical fragmentation of populations (Sabaridasan et al., 2017). The clear separation of all G. mullya sequences from outgroup (Catostomus catostomus) confirms the robustness and taxonomic resolution of the ML tree (Schoelinck et al., 2016).
Overall, the placement of AA1F–AA3F and AA1R–AA3R within the Maharashtra clade underscores the genetic cohesion of this regional population and enriches the existing knowledge of intra-specific diversity within G. mullya. These findings also provide reliable molecular reference points for future barcoding and conservation-oriented studies.
The clustering pattern should therefore be interpreted as evidence of regional affinity rather than as complete population-level resolution, because COI-based datasets are most informative when supported by adequate geographic sampling and comparative reference sequences. Similar studies on Indian freshwater fishes have shown that COI can discriminate closely related taxa and reveal geographically informative lineages, but they also emphasize that barcode results should be evaluated alongside sampling coverage, morphology, and river-basin context (Sharma & Nagar, 2020; Patil et al., 2018; Modeel et al., 2024). For G. mullya, the association of the present sequences with Maharashtra records is consistent with localized genetic cohesion, whereas the separation of sequences from other Indian regions may reflect river-basin fragmentation, isolation by distance, or unsampled haplotype diversity rather than immediate evidence of taxonomic separation (Khedkar et al., 2014; Kundu et al., 2019).
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[bookmark: _Toc215494625][bookmark: _Toc215495944][bookmark: _Toc217034579]Figure 1: Evolutionary Analysis by Maximum likelihood method with 100 Bootstrap using Tamura 3 parameter model of Cyprinidae family.
3.2 Phylogenetic assessment of Parambassis ranga:
The Bayesian inference tree resolved several strongly supported clade within Parambassis, with posterior probability (PP) values ≥0.95, indicating high analytical confidence. The sequences B1, B2, and B3 generated in this study demonstrated notable genetic distinctiveness, forming separate lineages within the P. ranga complex (Figure 2).
Sequence B1 clustered with a well-supported northeastern clade comprising samples from Mizoram and Meghalaya (PP = 1.0), suggesting its genetic affinity to populations from this region. Conversely, B2 and B3 formed a monophyletic sub-clade aligned with sequences from Maharashtra, pointing toward geographically structured divergence within P. ranga. This outcome mirrors earlier studies that reported multiple cryptic lineages within the species, highlighting its complex evolutionary history.
The deep separation of northeastern and Maharashtra-associated clade suggests restricted gene flow between regions, likely driven by river basin isolation, historical hydrological shifts, and ecological barriers. The unique placement of the B2 and B3 sequences further supports the presence of region-specific evolutionary significant units (ESUs), particularly within the Western Ghats region.
These results collectively reinforce the hypothesis that P. ranga is not a single panmictic species but represents a complex of genetically distinct lineages. Such patterns of divergence underscore the necessity of revisiting taxonomic boundaries and integrating molecular data in species assessments.
This interpretation is compatible with earlier barcode-based assessments from India that reported hidden or deeply divergent lineages in freshwater fishes, including P. ranga from the northern Western Ghats (Patil et al., 2018). However, the present evidence should be treated cautiously because a limited number of local sequences cannot alone establish revised species boundaries; instead, it identifies lineages that merit broader sampling, diagnostic morphological comparison, and multilocus testing. Studies from the Indo-Myanmar and Indo-Bhutan regions also demonstrate that freshwater fish barcodes frequently contain multiple clades and unique haplotypes across drainage systems, supporting the need to interpret P. ranga diversity within a wider biogeographic framework (Barman et al., 2018; Kundu et al., 2019).
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[bookmark: _Toc215494626][bookmark: _Toc215495945][bookmark: _Toc217034580]Figure 2: Evolutionary Analysis by Maximum likelihood method with 100 Bootstrap using Tamura 3 parameter model of Ambassidae family.
Conclusion:
The phylogenetic analyses of Garra mullya and Parambassis ranga reveal pronounced genetic structuring across their Indian distribution ranges. The G. mullya sequences generated in this study show strong affinity to Maharashtra populations, indicating limited divergence and a cohesive regional lineage. In contrast, P. ranga demonstrates considerable phylogenetic fragmentation, with the study uncovering distinct lineages associated with northeastern India and Maharashtra, supporting previous assertions of crypticism within the species complex.
These findings highlight the importance of molecular tools in resolving species identities, understanding phylo-geographic patterns, and identifying evolutionarily significant units. The generated sequence data contribute valuable reference material to national genetic repositories and provide a foundation for targeted conservation strategies, particularly in ecologically sensitive and understudied regions of India.
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