

Karyotypic profiles of Puntius sophore (Hamilton,1822) and Plesiopuntius bimaculatus (Bleeker, 1863) from the Gadana River, Western Ghats

ABSTRACT
Cytogenetic characterisation of native cyprinid fishes is important for understanding chromosomal variation and supporting taxonomic comparisons within biodiversity-rich freshwater systems. This study aimed to determine and compare the diploid chromosome number, karyotype formula, fundamental arm number, and chromosome morphometry of Puntius sophore and Plesiopuntius bimaculatus collected from the Gadana River in the Western Ghats. The karyotypic and cytological characteristics of these two species were examined using Giemsa-stained metaphase chromosome preparations. Kidney and spleen tissues were processed following acclimatisation, phytohaemagglutinin stimulation, colchicine treatment, hypotonic exposure, fixation, and air-drying. Twenty metaphase spreads were analysed for each species. Both species exhibited a modal diploid chromosome number of 2n = 50, but their karyotype composition and fundamental arm numbers differed. Puntius sophore possessed the karyotype formula 8m + 2sm + 26st + 14t, with FN = 60, whereas Plesiopuntius bimaculatus showed 28m + 22t, with FN = 78. Chromosome lengths ranged from 0.43 to 1.08 µm in P. sophore and from 0.43 to 0.89 µm in P. bimaculatus. No visibly differentiated sex chromosomes were detected in the metaphase preparations. The shared diploid number, together with differences in chromosome morphology and arm number, indicates karyomorphological differentiation within a conserved cyprinid chromosome-number framework. These locality-specific data provide a cytogenetic baseline for comparative studies of the two species in the Western Ghats. Broader population sampling and the application of chromosome banding, fluorescence in situ hybridisation, and molecular cytogenetic markers are required to determine whether the observed differences are population-level variants or stable species-specific characteristics.
Keywords:  Karyotype; Cytogenetics; Metaphase chromosomes; Cyprinidae; Puntius sophore; Plesiopuntius bimaculatus; Diploid chromosome number; Fundamental number; Chromosome morphology.

1. INTRODUCTION
Fish exhibit remarkable diversity in morphology, habitat, and behaviour, which has evolved over millions of years across more than 32,000 recognised species (van der Laan et al., 2014). As the primary carriers of genetic material in the nuclei of eukaryotic cells, chromosomes are the basic units of inheritance and have evolved continuously alongside these organisms (Jablonka & Lamb, 2014). The ability of an organism to adapt to different environments depends on the potential of its genome, and documenting chromosomes provides a vital record of its adaptation to habitats such as streams and wetlands (Shanthipreya et al., 2016). Native ornamental fishes, also known as “coloured fishes” or “Phedim fishes”, are defined by their vivid colours, which act as phenopositive genetic indicators. These agile swimmers produce distinctive acoustic signals and can even help purify the surrounding water through forced respiration. Fishes are characterised either by stable karyotypic structures and conserved chromosome numbers or by belonging to diverse groups that exhibit broad chromosomal variability. Although nearly 3,000 fish species have been karyologically analysed, approximately 435 belong to the family Cyprinidae, likely owing to the family’s extensive species diversity and economic importance (Shanthipreya et al., 2016). The genus Puntius is considered synapomorphic (Yu et al., 1987) and is karyologically composed primarily of smaller or telocentric chromosomes. The genus comprises 220 nominal species, approximately 120 of which are currently recognised as valid, and its genome correlates directly with phenotypic evolution (Pethiyagoda et al., 2012). Cyprinids represent the largest and most diversified group of freshwater fishes, inhabiting headwater streams, rivers, wetlands, and brackish waters (Lowe-McConnell, 1987; Winfield & Nelson, 1991). Natural selection operates on variation in fitness (Futuyma, 2009) within these populations; genotypic polymorphism results from mutation, random stochastic factors (Vannote et al., 1980), and directional selection, leading to adaptation and phenotypic plasticity. The Western Ghats, a global biodiversity hotspot, harbour over 250 species of freshwater fishes, including numerous endemic and endangered species. Among these are the ornamental fishes Puntius sophore (Hamilton, 1822) and Plesiopuntius bimaculatus (Bleeker, 1863), which reach maximum lengths of 5–7 cm. Plesiopuntius bimaculatus is identified by a spot on its third to seventh dorsal rays and an additional spot at the base of the caudal fin (Pethiyagoda, 1991), while Puntius sophore also exhibits both caudal and dorsal spots. These benthopelagic fishes inhabit plains and submontane regions and are often found shoaling in abundance (Arunachalam et al., 2000, 2005; Dahanukar, 2010). Because evolutionary relationships among species cannot be established without a thorough understanding of their cytogenetic make-up, cytogenetic studies remain a simple tool for examining genetic variation (Renner et al., 2017). This investigation was motivated by the importance of chromosomal analysis and the current lack of karyotypic information for these endemic species. Considering the wide geographical distribution and complex geological context of the Tamiraparani River Basin, this karyological investigation provides the first report on Puntius sophore and Plesiopuntius bimaculatus from the Gadana stream, elucidating their chromosomal structures and providing insights into their taxonomy and evolutionary relationships. Recent reviews of freshwater fish diversity in Indian river systems have emphasised the value of updated taxonomic and genetic information for documenting native fishes and informing conservation planning (Shah et al., 2026). Recent molecular cytogenetic evidence from Asian cyprinids shows that similar diploid chromosome numbers can accompany marked differences in chromosome morphology and repetitive-DNA organisation (Khensuwan et al., 2024). Chromosome-scale genomic research in Cypriniformes further demonstrates the value of complete chromosomal resources for reconstructing rearrangements and interpreting karyotype evolution (Bian et al., 2025).
Research gap: Previous studies provide locality-specific karyotypic records for Puntius sophore; however, no previous karyotypic record is presented for Plesiopuntius bimaculatus, and no comparative account is available for both species from the Gadana River. This limits locality-specific cytotaxonomic comparisons within the Western Ghats.
Objective: This study aimed to determine and compare the diploid chromosome numbers, karyotype formulae, fundamental arm numbers, and chromosome morphometry of Puntius sophore and Plesiopuntius bimaculatus collected from the Gadana River.

2. MATERIALS AND METHODS
2.1 Sample Collection
A total of 11 specimens of Plesiopuntius bimaculatus (six females and five males) and 13 specimens of Puntius sophore (seven males and six females) were sacrificed for karyotypic analysis. Fish specimens were collected from the Gadana River in the Western Ghats (8° 47′ 47″ N; 77° 19′ 17″ E), in the Tamiraparani River Basin, Tamil Nadu (Fig. 1), using cast and gill nets. To ensure survival during transit, the fishes were placed in air-filled, well-aerated polythene bags and brought to the Research Centre. Upon arrival, the specimens were stocked in 1.5 m × 1 m polyvinyl plastic tanks for four days to ensure adequate acclimatisation. During this holding period, the fishes were maintained under laboratory conditions and provided with artificial feed. Because fish exhibit remarkable diversity in morphology and habitat, no single tissue is always ideal for every species; therefore, chromosome preparations are typically obtained from actively growing tissues such as the kidney, spleen, and gill epithelium. Following successful acclimatisation, the specimens were prepared for the induction of metaphase chromosome spreads to elucidate their chromosomal structures.
















Figure 1.  Map showing the sampling location at the Gadana River, Tamiraparani River basin, Western Ghats, India. 

2.2 Karyotyping
Chromosome preparations for both species were carried out according to the method of Kligerman and Bloom (1977). Each fish was injected with 0.01 mg of phytohaemagglutinin (PHA) and allowed to swim for 2 h (Padilla et al., 1993). As these fishes were small, lower concentrations and shorter exposure durations were considered sufficient. Subsequently, they were injected intraperitoneally with colchicine at a dosage of 0.01 mg/g body weight and allowed to swim freely in a well-aerated tank for an additional 2 h. The fishes were anaesthetised and sacrificed, and their kidneys and spleens were excised and stored in a 0.5% KCl solution for 30 min, followed by fixation in Carnoy’s fluid for 10 min. The samples were then stored at −4 °C for 24 h. Subsequently, they were treated with 0.15 M NaCl solution for 10 min and 0.015 M trisodium citrate for 30 min. The tissues were then treated with acetic acid for a few minutes, minced thoroughly with scissors, and dissociated into a homogeneous cell suspension using a Pasteur pipette. The slides were warmed at 50 °C, and chromosome spreads were prepared using the co-ordinate air-drying technique. The slides were then stained with 5% Giemsa for 30 min, rinsed with distilled water, air-dried, and examined under a microscope at 100× magnification (Nikon Alpha pot-4 microscope). The chromosomes were measured using an ocular micrometer, photographed, and analysed. A standard idiogram was constructed according to Levan et al. (1964). The mean lengths of the short and long arms of the chromosomes, as well as the centromeric index, were calculated. Chromosome sets were grouped according to Macgregor (1993).
3. RESULTS
Twenty metaphase images obtained from kidney cells were analysed for each species. The diploid chromosome number was determined to be 2n = 50 for both Puntius sophore (Figure 2A) and Plesiopuntius bimaculatus (Figure 2C). The karyotype formula of Puntius sophore was 8m + 2sm + 26st + 14t, with NF = 60 (Figure 2B), whereas that of Plesiopuntius bimaculatus was 28m + 22t, with NF = 78 (Figure 2D). The total chromosome length in Plesiopuntius bimaculatus ranged from 0.43 to 0.89 µm, whereas that in Puntius sophore ranged from 0.43 to 1.08 µm. The chromosome morphometric data are presented in Tables 1 and 2. Representative metaphase spreads are shown in Figures 2A and 2C, and the standard idiograms are presented in Figures 3 and 4.
The consistent diploid number of 2n = 50 observed in both species is congruent with the conserved chromosome number frequently reported across many cyprinid lineages; however, differences in the fundamental arm number and chromosome morphology indicate that structural rearrangements may occur without altering the diploid chromosome count (Buasriyot et al., 2024; Khensuwan et al., 2023). This interpretation supports the cautious use of karyotype formulae as comparative cytotaxonomic characters because conventional staining can establish chromosome number and gross morphology but may not resolve cryptic genomic differences, such as rDNA-site variation or repetitive-DNA redistribution (Khensuwan et al., 2023; Rossi, 2021).



Table1. Karyomorphology and chromosomal morphometric data of Plesiopuntius bimaculatus (Bleeker, 1863) from the Gadana River. ( LA-Long arm, SA- Short arm, TL-Total length, AL-Average length RL-Relative length, CI- Centromeric index. T- Telocentric) 
	Sl.No.
	LA
	SA
	TL
	AL
	RL (%)
	A/R=r
	CI

	1
	0.488
	0.399
	0.887
	0.4435
	6.296
	1.223
	44.983

	2
	0.385
	0.385
	0.77
	0.385
	5.466
	1.000
	50.000

	3
	0.427
	0.214
	0.641
	0.3205
	4.550
	1.995
	33.385

	4
	0.427
	0.214
	0.641
	0.3205
	4.550
	1.995
	33.385

	5
	0.385
	0.256
	0.641
	0.3205
	4.550
	1.504
	39.938

	6
	0.385
	0.256
	0.641
	0.3205
	4.550
	1.504
	39.938

	7
	0.342
	0.256
	0.598
	0.299
	4.245
	1.336
	42.809

	8
	0.299
	0.299
	0.598
	0.299
	4.245
	1.000
	50.000

	9
	0.342
	0.214
	0.556
	0.278
	3.947
	1.598
	38.489

	10
	0.299
	0.256
	0.555
	0.2775
	3.940
	1.168
	46.126

	11
	0.299
	0.256
	0.555
	0.2775
	3.940
	1.168
	46.126

	12
	0.256
	0.256
	0.512
	0.256
	3.634
	1.000
	50.000

	13
	0.256
	0.214
	0.47
	0.235
	3.336
	1.196
	45.532

	14
	0.256
	0.214
	0.47
	0.235
	3.336
	1.196
	45.532

	15
	0.641
	0.000
	0.641
	0.3205
	4.550
	T
	0.000

	16
	0.556
	0.000
	0.556
	0.278
	3.947
	T
	0.000

	17
	0.556
	0.000
	0.556
	0.278
	3.947
	T
	0.000

	18
	0.513
	0.000
	0.513
	0.2565
	3.641
	T
	0.000

	19
	0.513
	0.000
	0.513
	0.2565
	3.641
	T
	0.000

	20
	0.51
	0.000
	0.51
	0.255
	3.620
	T
	0.000

	21
	0.47
	0.000
	0.47
	0.235
	3.336
	T
	0.000

	22
	0.47
	0.000
	0.47
	0.235
	3.336
	T
	0.000

	23
	0.47
	0.000
	0.47
	0.235
	3.336
	T
	0.000

	24
	0.427
	0.000
	0.427
	0.2135
	3.031
	T
	0.000

	25
	0.427
	0.000
	0.427
	0.2135
	3.031
	T
	0.000

















Figure 2: Metaphase chromosome spreads and standard karyotypes of the studied cyprinids. (A) Giemsa-stained mitotic metaphase spread of Puntius sophore. 
(B) Standard karyotype of Puntius sophore (2n=50; 8m+2sm+26st+14t).



















Figure 2: Metaphase chromosome spreads and standard karyotypes of the studied cyprinids. 
(C) Giemsa-stained mitotic metaphase spread of Plesiopuntius bimaculatus .
 (D) Standard karyotype of Plesiopuntius bimaculatus (2n=50; 28m+22t). 





Table 2.  Karyomorphology and chromosomal morphometric data of Puntius sophore (Hamilton, 1822) from the Gadana River. ( LA-Long arm, SA- Short arm, TL-Total length, AL-Average length RL-Relative length, CI- Centromeric index. T- Telocentric).

	S.No
	LA
	SA
	TL
	AL
	RL(%)
	A/R=r
	CI

	1
	0.86
	0.220
	1.080
	0.54
	6.379
	3.909
	20.370

	2
	0.5
	0.360
	0.860
	0.43
	5.080
	1.389
	41.860

	3
	0.36
	0.360
	0.720
	0.36
	4.253
	1.000
	50.000

	4
	0.46
	0.250
	0.710
	0.355
	4.194
	1.840
	35.211

	5
	0.43
	0.290
	0.720
	0.36
	4.253
	1.483
	40.278

	6
	0.36
	0.290
	0.650
	0.325
	3.839
	1.241
	44.615

	7
	0.71
	0.290
	1.000
	0.5
	5.907
	2.448
	29.000

	8
	0.65
	0.210
	0.860
	0.43
	5.080
	3.095
	24.419

	9
	0.57
	0.210
	0.780
	0.39
	4.607
	2.714
	26.923

	10
	0.5
	0.210
	0.710
	0.355
	4.194
	2.381
	29.577

	11
	0.5
	0.210
	0.710
	0.355
	4.194
	2.381
	29.577

	12
	0.5
	0.150
	0.650
	0.325
	3.839
	3.333
	23.077

	13
	0.47
	0.250
	0.720
	0.36
	4.253
	1.880
	34.722

	14
	0.43
	0.210
	0.640
	0.32
	3.780
	2.048
	32.813

	15
	0.43
	0.210
	0.640
	0.32
	3.780
	2.048
	32.813

	16
	0.29
	0.210
	0.500
	0.25
	2.953
	1.381
	42.000

	17
	0.29
	0.210
	0.500
	0.25
	2.953
	1.381
	42.000

	18
	0.25
	0.190
	0.440
	0.22
	2.599
	1.316
	43.182

	19
	0.72
	0.000
	0.720
	0.36
	4.253
	T
	0.000

	20
	0.68
	0.000
	0.680
	0.34
	4.017
	T
	0.000

	21
	0.64
	0.000
	0.640
	0.32
	3.780
	T
	0.000

	22
	0.57
	0.000
	0.570
	0.285
	3.367
	T
	0.000

	23
	0.57
	0.000
	0.570
	0.285
	3.367
	T
	0.000

	24
	0.43
	0.000
	0.430
	0.215
	2.540
	T
	0.000

	25
	0.43
	0.000
	0.430
	0.215
	2.540
	T
	0.000








Figure 3. Standard idiogram of Plesiopuntius bimaculatus constructed from mean chromosomal arm lengths and centromeric indices.










Figure 4. Standard idiogram of Puntius sophore constructed from mean chromosomal arm lengths and centromeric indices.











4. DISCUSSION
The genus Puntius has been extensively studied karyologically, as evidenced by numerous investigations (Manna & Prasad, 1971; Rishi & Rishi, 1981; Sharma et al., 1990; Saroniya et al., 2013). Fishes serve as important model systems for comparative chromosome analysis and often exhibit a diploid number of 2n = 50 (Sukham et al., 2013). The chromosomal data for the species studied here are summarised in Table 3.
Table 3.  Karyotype characteristics in P.sophore and P. bimaculatus from different localities of India.

	Species name
	Chromosomal formula
	No.of chromosomes
	Fundamental arm number
	Region
	Reference

	P.sophore
	4m+4st+40t
	48
	52
	West Bengal
	Manna and Prasad, 1973

	P.sophore
	4m+2st+42t
	48
	52
	Haryana
	Rishi and Rishi, 1981

	P.sophore
	2m+1st+21t
	48
	52
	Madyapradesh
	Saroniya et al., 2013)

	P.sophore
	2m+4sm+44t
	50
	54
	West Bengal
	Barat, 1985

	P.sophore
	2m+46t
	48
	50
	Orissa
	Biswal et al., 2010

	P.sophore
	2m+1st+21t
	48
	54
	Assam
	Talukdar et al., 2016

	P.sophore
	8m+2sm+26st+14t
	50
	60
	Gadana River, Tamil Nadu
	Present study

	P.bimaculatus
	28m+22t
	50
	78
	Gadana River
Tamil Nadu
	Present study




In Puntius sophore, the chromosome complement includes 2–8 metacentric, 2–4 submetacentric, 1–26 subtelocentric, and 14–46 telocentric chromosomes, with differences also observed among the chromosomal formulae. The fundamental arm number for this species varies among the reported values of 50, 52, 54, and 60. A decrease in the number of metacentric chromosomes alongside an increase in subtelocentric chromosomes in Puntius sophore is consistent with the pattern observed in Erythrinus erythrinus (Bertollo et al., 2004).
The ability of an organism to adapt to different environments depends on the potential of its genome, and documenting chromosomes provides a record of its adaptation to habitats such as streams and wetlands (Shanthipreya et al., 2016). Chromosome number and structure have been correlated with various morphological and environmental traits, leading to habitat divergence and adaptation (Hoffmann & Rieseberg, 2008; Barat & Sahoo, 2001). Inherited genetic diversity reflects meiotic crossing-over events and the rearrangement of genes within chromosomes. The centromere is the chromosomal region responsible for chromosome segregation during meiosis and mitosis (Shanthipreya et al., 2016). The architectural organisation of the genome involves evolutionary mechanisms such as pericentric inversion, translocation, chromosomal fission, and chromosomal fusion. Specifically, pericentric inversion is a key factor involved in chromosomal differentiation (Sukham et al., 2013).
Intraspecific variation is observed in many fish species owing to geographical differentiation and enhanced adaptability. This phenomenon has been documented in various populations, including loaches (Sember et al., 2015), European smelt, Osmerus eperlanus (Ocalewicz et al., 2007), the teleost fish Potamorhina altamazonica (Feldberg et al., 1993), Devario aequipinnatus (Shanthipreya et al., 2016), Mystus vittatus (Manna & Khuda-Bukhsh, 1978), and the cichlid family (Poletto et al., 2010). Although nearly 3,000 fish species have been karyologically analysed, approximately 435 belong to the family Cyprinidae, likely owing to the family’s extensive species diversity and economic importance. However, many cytogenetic analyses reveal similar karyotypic patterns across numerous species, which can restrict their use for taxonomic and phylogenetic inference (Molina, 2007). To date, karyology has made only a modest contribution to resolving taxonomic problems in fishes because the available data remain relatively sparse (Sola et al., 1981; Buth et al., 1991).
In Plesiopuntius bimaculatus, the diploid chromosome number was found to be 2n = 50 (28m + 22t), with an FN of 78; notably, prior documentation for this species was unavailable. The higher representation of acrocentric chromosomes in these two species is considered an ancestral character (Saroniya et al., 2013). Although Puntius conchonius has more metacentric chromosomes (22m + 16sm + 12t) (Ganai & Yousuf, 2011), Plesiopuntius bimaculatus also has a high number of metacentric chromosomes, whereas submetacentric and subtelocentric chromosomes are absent. Based on the fundamental arm number (FN), the genus Puntius is classified into two distinct groups. The two species in this study, Puntius sophore and Plesiopuntius bimaculatus, belong to the first group, which is characterised by an FN range of 52–80 (Sharma et al., 1990).
The differences in the relative proportions of metacentric, submetacentric, subtelocentric, and telocentric chromosomes are best interpreted as karyomorphological differentiation within a broadly conserved cyprinid 2n framework, a pattern increasingly reported by conventional and molecular cytogenetic studies of Asian cyprinids (Buasriyot et al., 2024; Khensuwan et al., 2023). Classical information regarding chromosome number, morphology, and banding patterns remains vital for applications ranging from cytotaxonomy to karyotype evolution (Cioffi et al., 2012). Although no heteromorphic sex chromosomes were observed in the analysed metaphase spreads, this result is specifically described as an absence of visibly differentiated sex chromosomes rather than a complete genomic absence because small or cryptic sex-linked regions may require molecular cytogenetic or genomic markers for detection (Buasriyot et al., 2024; Rossi, 2021). Ultimately, this study documents the karyology of these fishes and strengthens the baseline for cytotaxonomy and conservation-oriented population comparisons in the Western Ghats. These outcomes provide useful information for addressing taxonomic questions and developing conservation strategies for native species inhabiting the streams and rivers of this biodiversity hotspot. Future investigations using advanced techniques, such as rDNA-FISH or comparative genomic approaches, will be useful for determining whether the observed karyotype differences represent population-level variants or species-specific chromosomal rearrangements (Khensuwan et al., 2023; Rossi, 2021).
The difference between Puntius sophore and Plesiopuntius bimaculatus in the relative proportions of metacentric, submetacentric, subtelocentric, and telocentric chromosomes is best interpreted as karyomorphological differentiation within a broadly conserved cyprinid 2n framework, a pattern increasingly reported by conventional and molecular cytogenetic studies of Asian cyprinids (Buasriyot et al., 2024; Khensuwan et al., 2023). Because no heteromorphic sex chromosomes were observed in the analysed metaphases, the present result should be described as an absence of visibly differentiated sex chromosomes rather than a complete genomic absence because small or cryptic sex-linked regions may require molecular cytogenetic or genomic markers for detection (Buasriyot et al., 2024; Rossi, 2021). Overall, the cytogenetic profile strengthens the baseline for cytotaxonomy and conservation-oriented population comparisons in Western Ghats cyprinids, while future banding, rDNA-FISH, or comparative genomic approaches would be useful for testing whether the observed karyotype differences are population-level variants or species-specific chromosomal rearrangements (Khensuwan et al., 2023; Rossi, 2021).
5. CONCLUSIONS
The cytogenetic assessment of Puntius sophore and Plesiopuntius bimaculatus from the Gadana River demonstrated that both species share a modal diploid chromosome number of 2n = 50, while differing clearly in chromosome morphology and fundamental arm number. Puntius sophore exhibited a karyotype of 8m + 2sm + 26st + 14t with FN = 60, whereas Plesiopuntius bimaculatus exhibited 28m + 22t with FN = 78. The chromosome-length ranges also differed between the species, although no visibly differentiated sex chromosomes were observed in the analysed metaphase spreads. These findings establish locality-specific baseline information for cytotaxonomic comparison of the two cyprinids within the Western Ghats. The observed variation should be interpreted cautiously because the analysis was based on conventional Giemsa staining and specimens from a single river system. Additional sampling across populations, together with chromosome banding, fluorescence in situ hybridisation, and genomic approaches, is needed to determine whether the recorded karyotypic differences represent stable species-level features or geographically structured population variation.
6. LIMITATIONS
This study was limited to specimens collected from a single river system and relied on conventional Giemsa-stained chromosome preparations. The sample comprised 13 Puntius sophore and 11 Plesiopuntius bimaculatus, without detailed sex-specific comparisons. Advanced approaches, including chromosome banding, fluorescence in situ hybridisation, and genomic analysis, were not applied; therefore, cryptic chromosomal variation and broader population-level differences could not be fully assessed.
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