
Evaluation of cytochrome b mtDNA sequences in genetic diversity
studies of Channa marulius (Channidae: Perciformes)

Maria Habib • W. S. Lakra • Vindhya Mohindra •

Praveen Khare • A. S. Barman • Akanksha Singh •

Kuldeep K. Lal • Peyush Punia • Asif A. Khan

Received: 1 August 2009 / Accepted: 12 April 2010 / Published online: 5 May 2010

� Springer Science+Business Media B.V. 2010

Abstract Channa marulius (Hamilton, 1822) is a

commercially important freshwater fish and a potential

candidate species for aquaculture. The present study eval-

uated partial Cytochrome b gene sequence of mtDNA for

determining the genetic variation in wild populations of

C. marulius. Genomic DNA extracted from C. marulius

samples (n = 23) belonging to 3 distant rivers; Mahanadi,

Teesta and Yamuna was analyzed. Sequencing of 307 bp

Cytochrome b mtDNA fragment revealed the presence of 5

haplotypes with haplotype diversity value of 0.763 and

nucleotide diversity value of 0.0128. Single population

specific haplotype was observed in Mahanadi and Yamuna

samples and 3 haplotypes in Teesta samples. The analysis

of data demonstrated the suitability of partial Cytochrome

b sequence in determining the genetic diversity in C.

marulius population.
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Introduction

Channa marulius is a commercially important fish of South

East Asia valued as an esteemed table fish and also used for

ornamental trade. C. marulius is a freshwater fish inhabit-

ing reservoirs, lakes, swamps and large marshy water areas

and has been reported even at an altitude of 475 m MSL

[1]. The distribution of this fish is native to India, Ban-

gladesh, China, Thailand and Cambodia, Sri Lanka and

Pakistan. In India, it is reported from the rivers of Indo-

Gangetic plains and also in many parts of Peninsular India.

C. marulius is the fastest growing among murrels and

largest of the family Channidae, reaching a length of 120–

122 cm [2, 3]. The fish is considered as a potential aqua-

culture species in addition to an important capture fishery

resource. The culture of this giant murrel has not been

traditionally popular for its highly voracious feeding habits

at tertiary level. C. marulius is considered to be a local

migrant, and travels for a short distance for feeding purpose

or for locating suitable breeding grounds in new water

bodies to avoid stress conditions of existing habitat. Due to

declining abundance of C. marulius in wild, the fish has

been assessed at lower risk- near threatened (LRnt) status

[4].

In addition to protein and nuclear DNA markers, dif-

ferent mtDNA gene sequences have been used to determine

variation at interspecific and intraspecific levels in fishes.

The fast rate of mtDNA evolution coupled with maternal

inheritance have made mtDNA an extremely useful genetic

system for studying gene flow, hybrid zones, population

structure and other population related questions. Even

conservative protein coding genes like Cytochrome b tend

to show intraspecific variation mainly in 3rd position of

codon which can be used to identify stocks. Variation in

mtDNA Cytochrome b gene has been used for population

studies in fishes across taxonomic orders such as, Clupei-

formes [5]; Acipenceriformes [6, 7]; Squaliformes [8];

Salmoniformes [9, 10]; Anguilliformes [11]; Cyprinifor-

mes [12] Siluriformes [13] and Perciformes [14, 15].
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Overall, the research on Murrels (Family: Channidae),

using molecular markers for phylogeny as well as popu-

lation genetics has been limited. Cytochrome b region was

successfully amplified in Murrels for the purpose of

inferring Phylogenetic relationships [16]. Molecular phy-

logeny of family Channidae has been determined using

NADH dehydrogenase subunit 1 and 2 of mitochondrial

DNA [17]. Intra specific genetic variability in Channa

punctatus, from a part of its native distribution in penin-

sular India was examined using allozyme and RAPD

markers [18, 19]. Information on stock structure is required

for conservation management of native populations of

C. marulius [20]. The information of stock structure is vital

for planning management and conservation of natural

resources, besides it is useful in genetic improvement

programs [21]. Identification of molecular markers that are

suitable for determination of genetic variation and diver-

gence is the primary requisite for such studies. The fore-

most necessity is to identify polymorphic molecular

markers for determining genetic variation and divergence.

The present study analyses partial sequences of mtDNA

Cyto b gene in the samples of C. marulius collected from 3

distant rivers namely, Mahanadi, Teesta and Yamuna, to

determine genetic variation and evaluate their potential in

determining genetic differentiation in natural populations

of C. marulius.

Materials and methods

Sample collection

Specimens of C. marulius were collected through com-

mercial catches from rivers Teesta (n = 11) at Teesta

Barrage (26�450 16.8300N; 88�360 02.8300E), Mahanadi

(n = 7) at Cuttack (21�580N; 86�070E) and Yamuna (n =

5) at Yamuna Nagar (29�580 47.0100N; 76�540 47.4000E),

belonging to different basins (Fig. 1). River Teesta is

tributary of Brahmaputra River which later joins Ganga

River System (as Jamuna in Bangladesh). River Yamuna is

a tributary of Ganga River System. River Mahanadi is an

independent river originating from central plateau in India

and draining into Bay of Bengal. The blood was extracted

from individual specimen at collection site through caudal

puncture and fixed in 95% ethanol in ratio 1:5.

DNA preparation

Total Genomic DNA was extracted from blood samples

using Phenol–Chloroform Method [22]. DNA was ampli-

fied using Universal Primers for MtDNA Cytochrome b

region; L14841 and H15149 [23]. PCR conditions were:

94�C, 5 min: 30 cycles of 94�C for 30 s; 55�C for 1 min;

72�C for 1 min 30 s and final extension for 10 min at 72�C.

DNA sequencing

Double stranded PCR product was purified using elution

method from low melting Agarose gel. The purified PCR

Product was used in setting up sequencing reaction with

same set of primers using Mega Bace ET Terminator Dye

kit. The sequencing reaction was performed for 30 cycles

of: 95�C for 10 s; 50�C for 20 s; 60�C for 2 min. PCR

products were precipitated using ethanol and ammonium

acetate and were dissolved in Mega Bace Loading Buffer.

The DNA sequencing was carried out on an automated

DNA sequencer, MegaBace 500 (GE Healthcare) using

manufacturer’s recommendations.

Analysis of DNA sequences

DNA sequences were aligned using ClustalW [24] and

were analysed for determining parameters of population

genetic variation. MEGA 4.1 [25] was used to estimate

parameters of Genetic Variation. Sequence Composition

and Molecular diversity indices, Genetic Differentiation

and Fst values were calculated using the software Arlequin

3.11 [26] and haplotype diversity was estimated using

DnaSP 4.5 [27]. For comparison sequence of Cytochrome b

gene of C. marulius available in Genbank (Accession no:

AY763771) was treated as a separate population from

unspecified location in analysis with the sequences from

present study.

Results

Sequence composition

Out of total of 349 bp of Cytochrome b mitochondrial gene

amplified, 307 bp fragment was analyzed to determine

genetic variation. The average frequencies of four nucleo-

tides for all the 23 samples of C. marulius are A: 25.49%; T:

28.16%; G: 15.79%; C: 30.55%. Nucleotide sequences of

Cytochrome b in C. marulius were A ? T rich (53.65%) and

transition to transversion ratio was 3.1. Cytochrome b

sequence data generated 5 haplotypes (Table 1); haplotype

H01 and H05 were observed in Mahanadi and Yamuna

respectively, whereas H02, H03 and H04 were seen in

Teesta only. (Table 2; GenBank Accession no: GQ415663–

GQ415667, GQ464027–28 for Mahanadi; GQ415673–GQ

415677, GQ464053–GQ464061 for Teesta; GQ415668–

GQ415672 for Yamuna.) Total 23 variable sites were iden-

tified (Table 1) and 5 of them were parsimony informative.
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Nucleotide and haplotype diversity

Mean no of polymorphic loci was estimated to be:

0.333 ± 0.577 and mean nucleotide diversity (pi) was

0.0128. Haplotype diversity (Hd) was found to be 0.763

and variance of Hd was 0.002 ± 0.046. Haplotype and

nucleotide diversity for Mahanadi and Yamuna sam-

ples was 0.00 as both these rivers gave single haplotype

Fig. 1 a General map of the

region, study area is located

within the box. b Locations

of sampling station (*) across

different river basins for

population structure study

of C. marulius

Table 1 Different haplotypes and their consensus sequences detected in 3 populations of C. marulius (the dots refer to the identical positions to

reference consensus sequence)

Position? 9 19 21 60 69 75 87 99 108 111 129 165 171 186 189 216 222 225 237 246 252 273 294 GenBank

acc no

;
Consensus

sequence?
T C C A C C A C T T T A T T C T C T G C T C C

H01 G . . . . . . . C . . . . . T . . C . . . . . GQ415663

H02 . . . . . . . . . . . . . . . . . . . . . . . GQ415673

H03 . . A G T T T T C C C C C C . C T . A T C A T GQ464061

H04 . T . . . . . . . . . . . . . . . . . . . . . GQ415675

H05 . . . . . . . . . . . . . . . . . C . . . . . GQ415668
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whereas for Teesta samples haplotype diversity (Hd) was

0.473 with variance 0.02614 ± 0.162 and Nucleotide

diversity (pi) was 0.01236.

Molecular diversity indices and genetic differentiation

Analysis of Molecular Variance (AMOVA) within 3 pop-

ulations (Teesta, Yamuna and Mahanadi) revealed that out

of total variation, only 10.11% was contributed due to

variation within population, however 89.8% was attrib-

uted to differentiation among populations and population

structuring revealed by high and significant Fst value of

0.89 (Table 3). Population pair wise Fst values (Table 4)

ranged from 0.80 to 1.00 and Co-efficient of differentiation

for all 3 populations was 0.680. Mean P distance over all

the 3 populations were 0.013 and mean distance (d) within

groups ranged from 0.000 to 0.012.

Sequences obtained in this study for C. marulius from 3

populations were compared with that of Accession no

AY763771 of C. marulius. AMOVA analysis with all the

4 populations revealed among population variation of

90.59% and within population variation of 9.41% and a

significant Fst value of 0.905.

Discussion

Understanding of population genetic structure of a species

provides critical information for developing conservation

and management strategies for natural fish populations as

well as fishes having threatened status. Results obtained

upon analysis of 307 bp mtDNA Cytochrome b sequences

in the present study, revealed high genetic differentiation in

C. marulius collected from three different rivers. The

Cytochrome b fragment amplified in the present study,

using universal primer [28], has been reported to be useful

in detecting intraspecific variation in several species as this

region of mtDNA Cytochrome b is found to be polymor-

phic across orders. The order of most represented bases;

C [ T[A [ G is the order in Cytochrome b of Percid

fishes [29] and the level of G observed in C. marulius was

in accordance with the consistent level in other Snake-

heads [30]. Nucleotide Sequences of Cytochrome b in

C. marulius were A ? T rich (53.65%), which are similar

to many other fishes (Johns and Avise 1998). The universal

primers [28] used in the present study to amplify the region of

307 bp of Cytochrome b of mitochondrial genome, were

found to be polymorphic in C. marulius. This region has been

found to be polymorphic and has been used successfully for

intraspecific genetic diversity analysis in various fish spe-

cies, like Salmo trutta [31]; Cyprinodon variegates [32];

Sardina pilchardus [33] and Lates calcarifer [34].

An interesting finding in the study was that 2 (Mahanadi

and Yamuna samples) out of 3 populations exhibited

unique single haplotype each. AMOVA revealed low

within population variation in C. marulius (10.11%) and

high among population variation (89.8%). It is reported

that a migratory fish species has 85 and 15% of its diversity

within and between local populations, respectively and

67.6 and 32.4% for a non migratory fish [35]. The genetic

divergence level between populations, observed in this

study was even higher than that reported for a non

migratory fish. Murrels are local migrants travelling only

for a short distance for the purpose of feeding or for

locating suitable breeding grounds or in search of new

water to avoid stress conditions of existing ecosystem [36].

Fst value also supported the presence of significant genetic

difference between populations of Mahanadi, Teesta and

Table 2 No of haplotype detected in 3 populations of C. marulius

Haplotype Mahanadi Teesta Yamuna

H01 7 0 0

H02 0 2 0

H03 0 8 0

H04 0 1 0

H05 0 0 5

Table 3 AMOVA analyses of cytochrome b sequences for 3 populations of C. marulius

Source of variation df Sum of squares Variance components % of variation Fixation index P value

Among populations 2 (3) 31.932 (38.400) 1.18276 Va (1.1930 Va) 89.89 (90.59) Fst: 0.89889 (0.9058) 0.00000 ± 0.00000

Within populations 41 (44) 5.455 (5.455) 0.13304 Vb (0.1239 Vb) 10.11 (9.41)

Total 49 (47) 37.386 (43.85) 1.31580 (1.31699)

AMOVA values obtained by inclusion of one NCBI sequence (accession no AY763771) are given in brackets

Table 4 Population pair wise Fst values (below diagonal) and P
values for pairwise Fst (above diagonal) between 4 different popu-

lations of C. marulius from Indian sub continent

Mahanadi Teesta Yamuna NCBI

Mahanadi 0.000 0.000* 0.000* 0.000*

Teesta 0.91336 0.000 0.000* 0.000*

Yamuna 1.00000 0.80418 0.000 0.000*

NCBI 1.00000 0.87665 1.00000 0.000

* P \ 0.05

844 Mol Biol Rep (2011) 38:841–846

123



Yamuna rivers. Such high intraspecific diversity could be

expected as the 3 rivers belong to different river basins and

therefore, it is likely that populations investigated, could

have evolved in isolation after fragmentation from com-

mon ancestors. It is hence evident that these 3 population

samples belong to reproductively isolated populations.

Inclusion of sequence from Genbank (Accession no:

AY763771) also revealed more or less similar results.

It confirmed that such a high level of genetic differentiation

is likely to be the characteristic of species C. marulius

possibly influenced by the restricted dispersion of the

species. It was suggested that samples originating from a

single parent can result in a single population specific

haplotype as mtDNA is maternally inherited [37]. Keeping

in view that murrels exhibit parental care where their

young ones move along with the maternal parent in shoals

and so remain localized for long time. Hence, smaller sized

specimens have more possibility to be the progeny of

single or limited number of parents. Therefore, care was

taken to obtain samples from large sized specimen (more

than 1.5 kg) in the present study. At the same time, it is

accepted that more mtDNA variation, existing in Mahanadi

and Yamuna rivers, in low frequency as observed in Teesta

samples, however, could have been under estimated due to

limited sample size available.

Results obtained demonstrated that partial mtDNA

Cytochrome b fragment (307 bp) is observed to be a poten-

tial marker for studying variation both within as well as

among populations in C. marulius. Our results clearly

demonstrated the differences occurring within the same

population as in case of Teesta (3 haplotypes) as well as in

between the populations like Mahanadi and Yamuna. Such

studies have provided useful information in case of many

other fish species. The success of conservation programs and

effective management policies depend on the levels of

genetic divergence within and between species and devel-

oping strategies to maintain the natural genetic diversity

[38]. In a number of reports, mtDNA has proved useful for

resolving population groupings in cases where morpholog-

ical analyses were either inadequate or controversial [39] and

therefore assisted in determining priorities for conservation.

In case of Sardina pilchardus [33], mtDNA Cytochrome b

sequence analyses, indicated that no strong hydrographical

or environmental factors acted as sub structuring force in the

Adriatic population of the fish and so from a fishery man-

agement perspective, the conclusions gave precious demo-

graphic information to define the pattern of exploitation of

this fish species. The Cytochrome b fragment will be a

promising marker to determine distribution and pattern of

genetic variation across wide native distribution of C.

marulius. Information on genetic stocks developed in the

process will be useful to plan stock specific strategies for

conservation and management of wild populations of

C. marulius. Nevertheless, the utility of mtDNA Cytochrome

b fragment in determining genetic divergence of wild pop-

ulation of C. marulius is proved beyond ambiguity.
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