Proceedings of the Indian National Science Academy (2025) 91:143-150
https://doi.org/10.1007/543538-024-00312-y

RESEARCH PAPER

Mitochondrial DNA markers reveal stock composition and genetic
diversity of Ompok bimaculatus: a valuable resource for aquaculture
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Abstract

Genetic diversity and population structure are essential aspects for understanding the evolutionary history, conservation as
well as species diversification in freshwater aquaculture. This study aimed to investigate the genetic variation and population
structure of Ompok bimaculatus, commonly known as the butter catfish, using mitochondrial DNA markers, i.e., cytochrome
b and ATPase 6/8 genes, as well as their concatenated sequences. The Cytochrome b, ATPase 6/8 and combined genes
revealed a large number of haplotypes and low nucleotide diversities. AMOVA results indicated a high level of variance,
attributed to differences within populations with significant Fgr values and the presence of population structure in natural
populations. High levels of genetic differentiation within populations of O. bimaculatus were observed. Population-specific
haplotype highlighted genetic differentiation among the four studied natural populations, which indicated the presence of
distinct genetic characteristics within each population. Molecular variance analysis and pairwise Fqr values based on cyt b
(Fgr: 0.02227 to 0.58236), ATPase 6/8 (Fgr: 0.000 to 0.28410) and concatenated (Fgr: 0.00504 to 0.41511 (Gomti-Kaveri))
further confirmed the genetic differentiation and population structure. The findings of this study provide valuable insights
into the species’ genetic characteristics, which can aid in the development of targeted conservation strategies to preserve
genetic diversity and ensure the long-term viability of O. bimaculatus populations.
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Introduction

The butter catfish, Ompok bimaculatus, is highly valued as
a food fish with significant potential species for aquaculture
diversification. It is widely distributed across several Asian
countries, including India, Pakistan, Bangladesh, Indone-
sia, Malaysia, Sri Lanka, Thailand, Vietnam and Myanmar
(Talwar & Jhingran, 1991). However, the species in wild
faces threats from habitat degradation and anthropogenic
activities, which has lead to its classification as Near Threat-
ened on the [TUCN Red List of Threatened Species (Ng et al.
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2010). O. bimaculatus is favoured due to its delicious taste,
soft bony structure, high nutritional value, and rich lipopro-
tein content. Additionally, its adaptability to various farming
conditions makes it a desirable candidate for aquaculture
diversification, thereby playing a promising role in sustain-
able fisheries and aquaculture production.

Genetic diversity and population structure are fundamen-
tal components of species conservation and management,
as well as for planning breeding programs in commercial
aquaculture to harvest maximum potential of the species,
as it provides baseline data for stock delineation and identi-
fies natural stocks at risk. Given the importance of the spe-
cies and to ensure the long-term survival of O. bimaculatus
and the sustainable utilization of its resources, it becomes
essential to study the genetic stock composition and diversity
in natural population, it is crucial to understand its genetic
diversity and population structure.. (Sarkar et al. 2017).
to harvest maximum potential of the species.. Molecular
markers have proven to be effective tools for studying pop-
ulation structure (Sorkheh et al., 2017) and mitochondrial
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DNA markers, known for their hypervariability, have been
successfully used to identify stocks (Yamamoto 2019).
Among these markers, the mitochondrial ATPase 6/8 and
Cytochrome b (Cyt b) genes have been extensively employed
to study intra-specific genetic variation and diversity in dif-
ferent fish species (Mandal et al. 2021; Sah et al. 2020).

Thus, the objectives of the study were to assess the
genetic diversity and population structure of O. bimaculatus
in natural populations, using mtDNA markers. i.e., Cyt b and
ATPase 6/8 genes, as well as their concatenated sequences,
to comprehensively evaluate the genetic characteristics of
O. bimaculatus populations.

Materials and methods
Sample collection

A total of 83 specimens of O. bimaculatus were collected
from four different riverine locations across India: Brahma-
putra (n= 18, Guwahati, Assam), Bichiya (n=19, Rewa,
Madhya Pradesh), Gomti (n=237, Lucknow, Uttar Pradesh)
and Kaveri (n=9, Trichy, Tamil Nadu) (Fig. 1). The muscle
tissues from these specimens were preserved in a 1:5 ratio
of a tissue sample to 95% ethanol at the respective sampling
sites and transported to lab. These preserved samples were
then stored at a temperature of 4 °C to ensure their long-term
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Fig. 1 Collection sites for natural populations of Ompok bimaculatus
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preservation. To conduct this study, all experimental proce-
dures involving the use of these specimens were approved
by the Institute Animal Ethics Committee (IAEC), ICAR-
NBFGR, under the reference number G/IAEC/2020/022.

DNA extraction, PCR amplification and sequencing

Genomic DNA extractions from tissue samples were per-
formed using a modified Phenol-Chloroform method (Ruz-
zante et al., 1996). Two specific mitochondrial regions were
targeted for amplification, Cyt b amplified using primers
L14724 and H15915 (Xiao et al., 2001), and ATPase 6/8
using primers L8331 and H9236 (Sivasundar et al., 2001).
PCR reactions were carried out in 50 pl reaction mixtures,
consisting of 1X reaction buffer (Genei, India), 1.5 mM
MgCl,, 200 pM of each dNTP, 3.0 units of Taq polymerase
(Genei, India), 5 pmol of each primer and approximately
50 ng of template DNA. The amplification process consisted
of 30 cycles, with each cycle comprising an initial denatura-
tion step at 94 °C for 300 s., followed by denaturation at
94°C for 30 s., annealing at 55°C for 60 s., and extension at
72°C for 90 s. A final extension was performed at 72°C for
600 s. Subsequently, the PCR products were subjected to
bi-directional sequencing, and the resulting DNA sequences
were aligned using the ClustalW alignment algorithm
(Thompson et al., 1997).

Genetic diversity analysis of mitochondrial
sequences

Three datasets were created from the mitochondrial
sequences, i.e., (i) ATPase 6/8, (ii) cytochrome b and (iii)
concanated genes (ATPase 6/8 4 cytochrome b).

The software MEGA 4.1 (Tamura et al., 2007) was used
to estimate parameters of genetic variation. The skewness
of nucleotide composition was quantified using the AT-
skew and GC-skew formulas: AT-skew =(A—-T)/(A+T)
and GC-skew =(G—-C)/(G+C), as described by Perna and
Kocher (1995). Haplotype diversity and nucleotide diversity
were estimated using DnaSP 4.5 (Rozas et al., 2003), for the
diversity present within the analyzed sequences. To assess
genetic differentiation between populations, F-statistics (F)
were calculated, and a hierarchical analysis of Molecular
Variance (AMOVA) was performed, employing Arlequin
3.11 (Excoffier et al., 2005). The sequence composition,
molecular diversity indices, and population differentiation,
mismatch analysis and neutrality tests were also performed.
Tajima’s D (Tajima, 1989) and Fu’s Fs (Fu, 1997), two
widely used statistical tests for departures from mutation-
drift equilibrium, were employed. Furthermore, a median-
joining haplotype network was constructed using mtDNA
data. This network provides a visual representation of the
relationships among different haplotypes and was created
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using Network 4.6.1.1 (Fluxus Technology Ltd, http://www.
fluxus-engineering.com).

Results
Sequence composition of mitochondrial markers

ATPase 6/8: Analysis of 78 ATPase 6/8 regions of total
842 bp each of the resulted in defined 65 haplotypes with a
total of 28 polymorphic sites, which included 27 variables
with parsimony informative and 1 singleton.The nucleotide
composition was measured in terms of AT- and GC-skews.
The average nucleotide frequencies were 29.7% of Cyto-
sine, 25.97% of Thymine, 31.9% of Adenine, and 12.5% of
Guanine. The transition/transversion ratios are k1 =12.119
(purines) and k2 =2.288 (pyrimidines). The overall transi-
tion/transversion bias is R =2.645.

The consensus alignment of 80 cytochrome b sequences
of O. bimaculatus resulted in a total length of 1123 bp, with
defined 43 haplotypes and 124 polymorphic sites, of which
31 variables with parsimony informative and 93 singletons
were detected.. The average nucleotide frequencies were
30.3% of Cytosine, 27.3% of Thymine, 29% of Adenine,
and 13.4% of Guanine. The transition/transversion ratios
are k1 =10.569 (purines) and k2=6.171 (pyrimidines). The
overall transition/transversion bias was R=23.77. No stop
codons were observed in the cytochrome b and ATPase 6/8
sequences suggesting that they represent functional cod-
ing regions and not nuclear mitochondrial pseudo-genes
(Numts).

A total length of 1972 base pairs of concatenated
sequences (ATPase 6/8 +cytochrome b genes) were
obtained. The consensus alignment of 75 concanated
sequences of O. bimaculatus from four populations resulted
in defined 70 haploty pes and 144 polymorphic sites, of
which 54 variables were parsimony informative and 90 sin-
gletons.. The average nucleotide frequencies were 30.33% of
Adenine, 29.96% Cytosine, 26.81% of Thymine and 12.90%
of Guanine. The transition/transversion ratios are k1 =7.53
(purines) and k2 =2.791 (pyrimidines). The overall transi-
tion/transversion bias was R=2.114.

Genetic relationship among haplotypes

For cyt b, among the four populations, the most common
haplotype was h33. Total shared haplotypes were three and
no common haplotype was shared across all populations.
Forty haplotypes were observed to be exclusively in one
of the rivers (Supplementary Table Ia). Samples from river
Brahmaputra exhibited the maximum number of haplotypes
(13), followed by Gomti (12), Kaveri (8) and Bichiya (7).
Haplotype network derived from cyt b haplotypes depicted

the formation of star shaped network, with h33 as the ances-
tral haplotypes (Fig. 2a).

For ATPase 6/8, the most common haplotype haplotype
h29 represented six individuals from two rivers, namely,
Bichiya and Gomti (Supplementary Table Ib). Total shared
haplotypes were four and no common haplotype was shared
across all populations. Population-specific haplotypes were
found in all four rivers. The haplotype network derived from
sequences of ATPase 6/8 regions are presented in Fig. 2b.
Based on combined sequences, there were only two shared
haplotypes between Bichiya and Gomti populations. Popu-
lation-specific haplotypes were found in all four rivers.

Based on concatenated mitochondrial regions of O.
bimaculatus,5 shared haplotypes were found and no com-
mon haplotype was shared across all populations (Supple-
mentary Table Ic). A maximum number of haplotypes were
noticed in Gomti (30), followed by Brahmaputra (17) and
Bichiya (16) and then Kaveri (8). A Haplotype network
derived from haplotypes of combined genes depicted the
formation of star-shaped network (Fig. 2c).

Nucleotide and haplotype diversity

In cyt b, haplotype diversity (h), within the geographical
populations was high (from 0.6784 to 1.000) and nucleo-
tide diversity (n) was low, rangedfrom 0.00168 to 0.012739
(Table 1). Similarly, in ATPase 6/8, haplotype diversity (h)
ranged from 0.9722 to 0.9926 and & between 0.00465 to
0.011086 (Table 1). For concatenated sequences, haplotype
diversity (h) ranged from 0.9926 to 1.000 and & 0.005629
to 0.009255.

Haplotype diversity was found to be highest for Kaveri,
in the case of cyt b and concatenated mitochondrial regions,
whereas in ATPase 6/8, Bichiya and Brahmaputra were
observed to be with highest haplotype diversity. Cyt b and
concatenated mitochondrial regions of O. bimaculatus
revealed highest nucleotide diversity for Kaveri and Gomti,
in case of ATPase 6/8 genes.

Genetic differentiation and mantel test

AMOVA results indicated that 37.14%, 12.10% and 23.67%
of the total variance was attributed to differences among
populations for cyt b, ATPase 6/8 value and concatenated
sequences respectively (Table 2). Population pairwise Fgr
values for cyt b region ranged from 0.02227 to 0.58236
((p<0.05)) between each population pair (Table 3). The
coefficient of differentiation for all four populations was
0.3714. Population pairwise Fgp values for ATPase 6/8
regions ranged from 0.000 to 0.28410 (p <0.05) between
each population pair except for population pair Gomti and
Bichiya (Table 3). The coefficient of differentiation for all
four populations was 0.1210. Population pairwise Fgp values
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for concatenated regions ranged from 0.00504 (Bichiya-
Gomti) to 0.41511 (Gomti-Kaveri) (p <0.05).

Demographic history and neutrality

Pair-wise mismatch distribution and results of Neutral-
ity tests for Cytb as well as ATPase 6/8 regions on each

ln_sah

H_54

collection site revealed that though both Tajima’s D and Fu’s
F for the Cytb from all riverine populations were negative,
P-value was significant (p < 0.05) for Gomti and Brahmapu-
tra rivers only (Table 4). Similarly, Fu’s Fg for the ATPase
6/8 sequences from all riverine populations showed signifi-
cant negative value which reflects a recent demographic fluc-
tuation (Tajima, 1989), however, Tajima’s D values were

Table 1 Intra-population haplotype diversities (%) and Nucleotide diversities () from four populations of Ompok bimaculatus for Cytochrome b

and ATPase 6/8 region
Location Haplotype diversity (h) Nucleotide diversity (1)

Cytb ATPase 6/8 Combined genes  Cytb ATPase 6/8 Combined genes
Bichiya 0.6784+0.1215  0.9926+0.0230 0.9926+0.0230  0.003218 +£0.001908  0.008574 +0.004727  0.005630+0.003012
Gomti 0.7665+0.0719  0.9832+0.0131  0.9960+0.0090  0.001679+0.001093  0.010448 +0.005486  0.005629 +0.002921
Brahmaputra  0.9542+0.0394  0.9926+0.0230 1.0000+0.0202  0.004243+0.002433  0.011086+0.005993  0.007275+0.003840
Kaveri 1.0000+0.0524  0.9722+0.0640  1.0000+0.0524  0.012739+0.007163  0.004646+0.002911  0.009255 +0.005152
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Table2 AMOVA analyses of Cytochrome b and ATPase 6/8 sequences for four natural populations of Ompok bimaculatus

Source of vari-  d.f Sum of squares  Variance com-  Percentage of  Fixation Index P value
ation ponents variation
Cytb
Among popu- 3 81.841 1.34050 Va 37.14 Fgr: 0.3714 0.00000 = 0.00000
lations
Within popu- 76 172.422 2.26871 Vb 62.86
lations
ATPase 6/8
Among popu- 3 42.226 0.55825 Va 12.10 Fgr: 0.1210 0.00000 = 0.00000
lations
Within popu- 74 300.107 4.05550 Vb 87.90
lations
Combined genes
Among popu- 3 121.923 1.95901 Va 23.67 Fgp: 0.23665 0.00000 = 0.00000
lations
Within popu- 71 448.651 6.31902 Vb 76.33
lations

Table 3 Pairwise Fgr with their p values for Cytochrome b, ATPase 6
& 8 and combined genes between four natural populations of Ompok
bimaculatus

Population Bichiya Gomti Brahmaputra  Kaveri
Cytb
Bichiya - 0.01802 0.00000 0.00000
Gomti 0.02227*% - 0.00000 0.00000
Brahmaputra  0.39450%  0.49221*% - 0.00000
Kaveri 0.45520 *  0.58236*  0.27854* -
ATPase 6/8
Bichiya - 0.52252 0.00000 0.00000
Gomti 0.00000 - 0.00901 0.00000
Brahmaputra  0.07944*  0.08579* — 0.00000
Kaveri 0.28410*%  0.25872*  0.27137* -
Combined genes
Bichiya - 0.26126 0.00000 0.00000
Gomti 0.00504 - 0.00000 0.00000
Brahmaputra  0.21172*  0.23019*% - 0.00000
Kaveri 0.37901*  0.41511*  0.27072* -

positive for all populations. Pair-wise mismatch distribu-
tion and results of Neutrality tests for concatenated regions
were negative for both Tajima’s D and Fu’s Fg from all
riverine populations, however, Tajima’s D values were not
significant for any population but Fu’s Fg value (p <0.05)
for three populations, i.e., Bichiya, Gomti and Brahmaputra
rivers. A mismatch distribution curve based on concatenated
mitochondrial genes of O. bimaculatus for all populations is
presented in Fig. 3.

Table 4 Neutrality tests based on mitochondrial regions of O. bimac-
ulatus

Population Bichiya Gomti Brahmaputra Kaveri
Cytochrome b
Tajima’s D —2.3546  —2.2955 -2.1072 —1.3601
Tajima’s DP  0.0000*  0.0010* 0.0040* 0.0930
value
Fu’s Fs -1.2752 —8.1603 -5.012 —2.0011
Fu’s Fs P 0.2500 0.0000* 0.0090* 0.0980
value
ATPase 6/8
Tajima’s D 0.4730 2.0211 1.0980 —0.5052
Tajima’s DP  0.7280 0.9860 0.8880 0.3230
value
Fu’s Fs —-8.6562 —16.167 —6.9928 —3.4267
Fu's Fs P 0.0000*  0.0000* 0.0040%* 0.0210*
value

Concatenated mitochondrial regions

Tajima’s D —1.16257 —-0.10332 —0.74714 —1.21482
Tajima’s DP  0.10800 0.52300 0.22200 0.11400
value
Fu’s Fs —6.04303 —18.87075 —7.10590 —1.52544
Fu’s Fs P 0.01000*  0.00000*  0.00700* 0.12400
value
Discussion

Human activities i.e., anthropogenic activity are posing sig-
nificant threats to freshwater ecosystems globally (Dudgeon
et al. 2006). The decline and potential extinction of fish spe-
cies can be attributed to several factors, including habitat
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Fig.3 Mismatch distribution curve based on concatenated mitochon-
drial genes of O. bimaculatus

degradation, fragmentation, changes in water flow, sediment
buildup and overfishing (Agostinho et al. 2008; Hoeinghaus
et al. 2009). Considering the crucial role and contribution
of fishery resources for societies and economies worldwide
(Kevern and Serge 2009), it becomes essential to understand
the genetic diversity and population structure of natural pop-
ulations. This understanding is crucial for implementation of
fisheries regulations and conservation management strate-
gies (Carvalho and Hauser 1994; Iervolino et al. 2010). The
present study focused on characterizing four riverine popula-
tions of O. bimaculatus using these mitochondrial markers.

A high A+T content (T:25.97%; A:31.9%) in the nucleo-
tide sequence composition of the cyt b, ATPase 6/8 genes,
of O. bimaculatus is consistent with the reports of previ-
ous studies on teleost species (Paixao et al. 2018; Sahoo
et al. 2020). The analysis revealed high haplotype diversity
in all populations (h: 0.6784—-1.000 for cyt b; h: 0.9722 to
0.9926 for ATPase 6/8 and h: 0.9926 to 1.000 for concat-
enated sequence). The significantly lower nucleotide diver-
sity (m: ranges from0.00168 to 0.012739) observed in our
study may be attributed to the commercial overexploitation
of wild fish stocks. The high haplotype diversity and low
nucleotide diversity suggest a recent population expansion
following a period of reduced effective population size, lead-
ing to the accumulation of new mutations (Grant and Bowen
1998). Similar patterns have been observed in other freshwa-
ter catfish species (Mandal et al. 2021; Sahoo et al. 2020).
Haplotype richness/ Number of haplotypes i.e., haplotype
diversity reflects the genetic diversity within the species; in
population genetic studies (Phillips et al. 2019). Various fac-
tors, i.e., population size, gene flow, mutation, and historical
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events, contribute to the patterns of haplotype diversity in
riverine systems (Cheriyan et al. 2023; Garg et al. 2018).
Haplotype richness is a significant component of population
distinctiveness, but it’s essential to consider other factors,
i.e., haplotype composition, genetic differentiation, gene
flow, selective pressures, and demographic history, for an
understanding of the genetic distinctiveness of populations.

The shared (3 haplotypes) and population-specific hap-
lotypes within the O. bimaculatus populations, (Brahma-
putra:13, Gomti:12, Kaveri:8 and Bichiya:7 haplotypes)
indicates population differentiation. The presence of popu-
lation-specific haplotypes and private haplotypes indicates
limited movement and restricted gene flow among individ-
uals and potentially leading to divergence between popu-
lations (Sjostrand et al. 2014). Private haplotypes have a
great contribution to the ability of fish populations to adapt
to local environments, enhance their evolutionary fitness,
and maintain genetic diversity within and among popula-
tions. The overall genetic diversity within a population also
depends on private alleles. Higher genetic diversity provides
the raw material for adaptation to local environmental con-
ditions important for their long-term evolutionary potential
and ability to respond to changing environmental conditions.
(Sjostrand et al. 2014). The number of haplotypes availa-
ble is positively correlated with haplotype diversity which
reflects the genetic richness and gives an evolutionary his-
tory of the population (Garg et al. 2018).

Transition mutation was higher compared to transversion,
similar reports have been found in the mitochondrial DNA
of teleost (Behera et al., 2017; Garg et al. 2018; Sahoo et
al. 2020). The transition/transversion ratios for ATPase 6/8:
are k1 =12.119 (purines) and k2 =2.288 (pyrimidines).
Whereas the transition/transversion ratios for Cytb are
k1=10.569 (purines) and k2=6.171 (pyrimidines). It is
widely studied that in molecular evolutionary studies, nucle-
otide transitions are favoured over transversions (Stoltzfus
and Norris 2016). According to Brown et al. (1982), the
transition to transversion ratio is highest at the beginning
of divergence, however, it decreases with time. Further the
transitions to transversions ratio provide insights into the
selective pressures acting on DNA sequences. (Aziz et al.
2022) Purifying/ negative selection favours transitions over
transversions, as transitions are less likely to occur changes
in amino acids which could be deleterious to protein func-
tion. Contrarywise, the positive selection may increase the
rate of transversions relative to transitions in specific regions
of the genome which favoured adaptive changes (Werne-
green 2011; Aziz et al. 2022).

The AMOVA results showed that substantial genetic
differentiation existed among O. bimaculatus popula-
tions, with 37.14% of the total variance attributed to dif-
ferences among populations for the cyt b region. This was
corroborated by Population pairwise Fgp values ranged
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from 0.02227 to 0.58236, indicating significant genetic
differentiation and limited gene flow among the popula-
tions. In the ATPase 6/8 regions, the varying levels of
genetic differentiation was observed Fg;:0.000 to 0.28410
and Fgp values ranged from 0.00504 to 0.41511 in concat-
enated sequences. A similar pattern of genetic differen-
tiation observed in Indian Catfish, Clarias magur (FST:
0.01383 to 0.62069) (Sahoo et al. 2020); in Labeo gonius
(FST: 0.03266- 0.87636) (Behera et al., 2017). The nota-
ble genetic differentiation observed in our study could
be attributed to several factors, including restricted gene
flow between populations, widespread geographical dis-
tribution, and the presence of unique haplotypes (Behera
et al., 2017). Additionally, the collection of samples from
geographically distant sites lacking connectivity likely
contributed to the high genetic differentiation between
populations. Which is evident from the positive correla-
tion between pairwise Fst and geographic distance (Behera
et al., 2017). This genetic structuring highlights the impor-
tance of considering population-specific dynamics and
genetic diversity for effective conservation and manage-
ment strategies. Understanding the genetic structure and
population dynamics of O. bimaculatus is crucial for con-
servation planning, resource management, and preserving
genetic diversity within the species.

Additionally, the Cytb negative value of Tajima’s D
and Fu’s FS values observed in the Gomti and Brahma-
putra rivers, indicating selection pressure or demographic
events. The negative Fu’s FS values of ATPase 6/8 across
all populations, indicative of recent demographic fluctua-
tions, while positive Tajima’s D values suggest an excess
of intermediate-frequency variants. Concatenated region
shows negative Tajima’s D and Fu’s FS values for Bichiya,
Gomti, and Brahmaputra rivers, indicating departures from
neutrality in these populations. The mismatch distribution
curve for concatenated mitochondrial genes illustrates the
demographic history of O. bimaculatus populations.

Conclusion

The AMOVA revealed significant genetic differences
within populations, indicating limited dispersal or gene
flow among individuals within each population. This
observation is further supported by the presence of a large
number of unique haplotypes, suggesting restricted genetic
exchange. Neutrality and mismatch distribution tests pro-
vided additional evidence that some populations of O.
bimaculatus have experienced recent population expan-
sion and suggest that certain populations have undergone
rapid growth or recovery after a period of reduced effec-
tive population size. The AMOVA results, along with the

haplotype network and calculation of Fgqr values among
pairs of populations, indicate that the O. bimaculatus pop-
ulations exhibit distinct genetic structures. This implies
that there are barriers to gene flow and that the popula-
tions have differentiated from each other. By recognizing
distinct populations and their genetic diversity, appropri-
ate management measures can be implemented to ensure
the conservation and sustainable use of O. bimaculatus
populations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s43538-024-00312-y.
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