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The present study was aimed to analyze the genetic variation C. batrachus
(Magur) from three natural population viz., Andhra Pradesh, Assam and
West Bengal states of India using the microsatellite markers. Four
microsatellites showed high polymorphism with allele numbers ranging
from 4 to 9. Observed heterozygosity at each locus was more than 0.50 and
the polymorphic information content (PIC) for the four loci ranged from
0.62 to 0.82, indicating that these loci can be used discriminate Magur
populations of India. FST values ranged from 0.072 to 0.098 and it appears
that there was little genetic differentiation between the Magur populations.

Introduction
Clarias batrachus, is an air breathing catfish
and popularly known as Magur in India. The
genus Clarias is present in both the Asian and
African continents (Teugels, 1996). C.
batrachus is widely distributed apart from
India, in Bangladesh, Indonesia, Malaysia,
Myanmar, Pakistan, Philippines, Singapore,
Sri Lanka and Thailand (Khan et al., 2000).
The fish normally inhabits swamps, marshy
and derelict water bodies though it is also
found in open water systems (CAFF, 2006).
There is a great demand for Magur in the
Indian domestic market and is mainly met
through river based capture fisheries.

Its abundance has been greatly reduced by
overexploitation and by serious destruction
and fragmentation of most aquatic
ecosystems, particularly from injudicious
application of insecticides in the paddy fields,
the most common place for spawning (Nasren
et al., 2009). The species has already been
categorized as vulnerable based on the IUCN
Red List categories of 1994 in India
(Dahanukar et al., 2004; Garag et al., 2010).
Therefore there is a need for conservation of
the species. For conservation of species or
population it is essential to study the genetic
variation both between and within them.
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Despite the demand, catfish aquaculture is
still in the primary phase, and mainly depends
on the seed collected from wild which puts
the pressure on natural stock. Hence the
efficient management of the available natural
stock is very crucial for the existence of the
species and its various populations. For the
development of management strategies to
conserve biodiversity, information on
population structure is important (Turan et al.,
2005). Genetic diversity helps in adaptation
and survival of the species and is considered
as an important factor for the conservation
and management of populations (Andayani et
al., 2001).
The advancements in molecular marker and
statistical tools had revolutionized the
analytical power needed for the exploration of
genetic diversity (Tamanna et al., 2012). Garg
et al., (2010) and Danish et al., (2012) have
studied C. batrachus populations in India
using RAPD markers, however there are no
reports to the best of our knowledge on the
study of genetic variation between Magur
populations from different states of India
using microsatellite markers.
Microsatellite
DNA
markers
detect
codominant
polymorphism
at
simple
sequence repeats and generate large number
of detectable alleles (Tautz, 1989) and can be
used to analyze the genetic structure and
genetic diversity among the natural
population. They have a number of
advantages in aquaculture and fisheries
research over other molecular markers
(O’Reilly and Wright, 1995). Microsatellite
markers have been isolated from several
Clarias species including C. batrachus
(Galbusera et al., 1996; Na-Nakorn et al.,
1999; Volckaert et al., 1999; Yue et al., 2003;
Senanan et al., 2004, Mohindra et al., 2012a,
b; Srivastava et al., 2016). These markers
have been found to be highly polymorphic
and are better suited for population studies.

The objective of this study was to analyze the
genetic variation in three natural populations
of C. batrachus from India using the
microsatellite markers.
Materials and Methods
Sample collection
For the present study, Magur fishes were
collected with the help of local fishermen
from their natural habitat from Andhra
Pradesh, Assam and West Bengal states of
India during 2012-13 to initiate a selective
breeding program (Fig. 1). The Andhra
Pradesh population was collected from Lake
Kolleru, a natural wetland ecosystem formed
as a basin between the deltas of the peninsular
rivers Godavari and Krishna.
Assam fishes were collected from paddy
fields around Guwahati, while the West
Bengal Fishes were collected from swamps
around Kolkata. The total length of the
collected fishes ranged from 9.0 to 25.0 cm
and body weight from about 15 to 95 g. The
dorsal fin tissue measuring about 6-10 mm
was incised with the help of a BP blade from
fresh specimen and individually stored in 100
percent ethanol. The samples were then
transported to the laboratory under
refrigerated conditions and in laboratory were
kept at -20° C till further analysis.
DNA extraction and microsatellite analysis
Genomic DNA was extracted from 50-100
mg of preserved fin sample by phenolchloroform extraction method. Briefly, the
tissue was lysed overnight at 55° C (in a
water-bath) in 0.6 ml of lysis buffer (TEN
buffer, pH 8.0, and 1% SDS) and 6 µl of
Proteinase K (20 mg/ml). The reaction
mixture was extracted with Phenol:
Chloroform: Isoamyl alcohol (25:24:1),
precipitated with alcohol, and then dissolved
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in 1X TE buffer (pH 8.0) (Sambrook et al.,
2001).

using the Fst statistic (Lynch and Crease,
1990).

In the present study four microsatellite loci
namely CbSpn-1115, CbSpn-1191, CbSpn0449 (Mohindra et al., 2012b) and Cba-19
(Yue et al., 2003) were employed for the
genetic diversity analysis of C. batrachus
populations. PCR was performed in 25 µl
reaction volume comprising 1x PCR buffer, 3
mM MgCl2, 0.2 mM each dNTP 10
picomoles of each primer and 1 unit of Taq
DNA polymerase (Thermo Scientific, USA).
The annealing temperature was optimized as
49, 55, 50 and 62.5° C for CbSpn-1115,
CbSpn-1191, CbSpn-0449 and Cba-19,
respectively by gradient PCR. The PCR
conditions included an initial denaturation 5
min at 94°C followed by 30 cycles of 1 min at
94° C, 1 min at optimal annealing temperature
and 1 min at 72° C, with final extension of 7
min at 72º C. Amplification products were
resolved on 10% and 8% non-denaturing
polyacrylamide gel, and visualized by
ethidium bromide staining. Generuler 100bp
DNA ladder (Thermo Scientific, USA) was
run along with the amplified samples to
determine the allele size using Image J
software.

Results and Discussion
The number of alleles observed and expected
heterozygosity and polymorphic information
content (PIC) of the four microsatellite loci
used in the present study are summarized in
table 1. All the four microsatellite loci were
found to be highly polymorphic in the studied
populations of C. batrachus. The highest
number of alleles (9) was observed for the
Cba-19 locus in Andhra Pradesh population
(Table 1), while the maximum numbers of
alleles at Cbspn-1191, Cbspn-1115, and
Cbspn-0449 loci were 8, 6 and 4, respectively
(Table 1). The average number of alleles (6.5)
was the highest in Andhra population (Fig. 2).
The effective number of alleles in different
populations was 0.55, 0.34 and 0.79 for
Andhra Pradesh, Assam and West Bengal,
respectively (Fig. 2). Allelic pattern of all the
four microsatellite loci in each population is
shown in figure 2. Private alleles were found
in all the loci except Cbspn-1191 (Table 2,
Fig. 2). The frequency of private alleles,
sizing 175 bp and 209 bp, in Assam stock was
relatively high when compared to other alleles
of other loci.

Data analysis
Allele frequencies, number of alleles per
locus, expected and observed heterozygosity,
allelic diversity, genotype frequencies and
Chi-square test to determine the deviation
from Hardy –Weinberg equilibrium for each
locus were calculated using PROC ALLELE
procedure in SAS software (Saxton, 2004).
The presence or absence of linkage
disequilibrium between the marker loci was
also determined. Software GenAlex version
6.5 (Peakall and Smouse 2012) was used to
analyze all other study parameters. The
fractions of the total genetic variation
distributed among populations were estimated

The PIC value ranged from 0.62 - 0.82 across
the loci with highest at Cba-19 locus in
Andhra Pradesh and West Bengal populations
(Table 1). The observed heterozygosity (Ho)
or the allelic diversity was highest for the
Cbspn-0449 locus which was higher than the
He in all the three populations. Cba-19 locus
in all the three populations and Cbspn- 1191
in Andhra Pradesh population were found to
be in Hardy-Weinberg equilibrium (HWE)
(P>0.05) while the other two loci showed
significant deviation from HWE.
The coefficient of genetic differentiation (Fst)
ranged from 0.042 – 0.15 (Cbspn 1115 and
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Cbspn 0449, respectively; Table 3) with a
mean of 0.087. The pair-wise Fst values
ranged 0.02 to 0.09, which signified low level
of genetic differentiation in the studied
populations of C. batrachus. The pair-wise
genetic differentiation of Assam stock with
the other two stocks was on a higher side than
those with Andhra and West Bengal
populations. AMOVA based on microsatellite
data indicated 8% genetic differentiation
among populations (P< 0.05) (Table 4, Fig. 3)
Genetic characterization of the natural
populations is essential to assess the gene
flow, impact of mutation, migration, selection
and genetic drift and further to draw the
management practices. For this purpose,

microsatellite markers have proven to be
extremely important tools because of their
high
polymorphism,
abundance
and
codominance (Liu and Cordes, 2004). In the
present study the level of polymorphism and
the
heterozygosity
values
of
four
microsatellite markers were taken as measures
of genetic diversity in three natural
populations of C. batrachus in India. The
allelic diversity and heterozygosity can
measure the adaptive diversities of a
population. Preliminary genetic variability
studies using microsatellite markers have
earlier been done for South East Asian
populations of C. batrachus by Yue et al.,
(2003) Volckaert et al., (1998) and in India by
Mohindra et al., (2012b).

Fig.1 Map showing three different sampling sites of C. batrachus natural populations
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Fig.2 Allelic pattern across Magur population of Andhra Pradesh (AP), Assam (AS) and West
Bengal (WB) populations

(Where Na= Average number of alleles, Ne = number of effective alleles)

Fig.3 Pie diagram showing the percentage of molecular variance among three populations of C.
batrachus
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Table.1 Number of individuals, number of alleles (NA), Polymorphic information content (PIC),
observed heterozygosity (Ho), expected heterozygosity (He) and Hardy Weinberg Expectation
(P<0.05) of four microsatellite markers used in Andhra Pradesh (AP), Assam (AS) and West
Bengal (WB) natural populations of Magur
Locus
Cbspn-1191

Cbspn-1115

Cba-19

Cbspn-0449

AP
N
No. alleles
PIC
Ho
He
HWE
N
No. alleles
PIC
Ho
He
HWE
N
No. alleles
PIC
Ho
He
HWE
N
No. alleles
PIC
Ho
He
HWE

AS
17
7
0.78
0.52
0.81
**
16
6
0.72
0.82
0.76
*
16
9
0.82
0.62
0.84
**
17
4
0.72
1
0.74
*

WB
11
8
0.79
0.63
0.82
*
12
4
0.64
0.50
0.69
*
13
6
0.72
0.69
0.75
**
12
4
0.62
1
0.68
*

12
7
0.76
0.80
0.79
*
14
5
0.61
0.50
0.65
*
14
8
0.82
0.85
0.83
**
13
4
0.62
1
0.68
*

** No deviation from HWE, * significant deviation from HWE (P<0.05)

Table.2 Frequency of private alleles of four microsatellite markers found in Andhra Pradesh
(AP), Assam (AS and West Bengal (WB) natural populations of Magur fish
Pop
AP
AS
AS
AS
AS
WB
WB

Locus
Cba-19
Cbspn-1115
Cbspn-1115
Cbspn-0449
Cbspn-0449
Cbspn-1115
Cbspn-1115

Allele size (base pair)
223
135
147
175
209
211
219
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Freq
0.059
0.038
0.115
0.385
0.385
0.071
0.071
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Table.3 Analysis of genetic differentiation between pairs of Andhra Pradesh (AP), Assam (AS)
and Wes Bengal (WB) population based on estimates of Fst
Population 1
AP
AP
AS

Population 2 Pair-wise population Fst
AS
0.072
WB
0.029
WB
0.098

Table.4 Analysis of molecular variance (AMOVA) showing genetic differentiation
Source
Among Pops
Among Individual
Within Individual
Total

df
2
41
44
87

SS
11.903
77.279
55.500
144.682

MS
5.951*
1.885*
1.261*

Est. Var.
%
0.140
8%
0.312 18%
1.261 74%
1.713 100%

(*P < 0.05)

In the present study, the number of alleles
observed were 7, 8, 7 (CbSpn-1115), 6, 4, 5
(CbSpn-1191) and 4 (CbSpn-0449) for
Andhra Pradesh, Assam and West Bengal
populations, respectively. Mohindra et al.,
(2012a) reported maximum number of allele
in CbSpn-1115 as 4, in CbSpn-1191 12
numbers and in CbSpn-0449 loci 7 among
Lucknow and Varanasi populations.
The number of alleles at locus CbSpn-1191
was less in number in the studied populations
in comparison to Lucknow and Varanasi
populations reported by Mohindra et al.,
(2012b), while the numbers of alleles at locus
Cbspn-1115 were more than reported.
This may be attributed to the population
variation and also to differences in sample
size in the present study. There was no change
in the number of alleles observed at locus
Cbspn-0449 in present study and earlier
report from Vindhya et al., (2012b). All the
three loci showed higher observed
heterozygosity values compared to the
heterozygosity observed in Lucknow and
Varanasi populations (Vindhya et al., 2012b).
In case of Cbspn-0449 locus the H0 was

greater than He in all the three populations
suggesting the absence of inbreeding.
Assam and West Bengal populations’
genotype frequencies at all loci except Cba-19
revealed an overall departure from HardyWeinberg expectations this departure being
due to high heterozygote frequencies (Table
1). A small sample-size could be the main
explanation for the HW deviation observed,
however other causes like null alleles,
sampling procedures need to be considered
which influence the populations to deviate
from Hardy-Weinberg equilibrium.
Private alleles are those alleles, unique to one
stock and indicate the genetic distinctiveness
of the stock. In the present study the Assam
population seems to be genetically distinct
when compared to others. The polymorphism
information content (PIC) is an indicator of
how many alleles a marker has, and how
evenly the frequencies of these alleles are
distributed (Boststein et al., 1980) and if a
marker has few alleles, or many alleles but
with only one being frequent, the PIC will be
low. Markers that show PIC value >0.50 are
considered polymorphic, and all four loci in
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the present study were highly polymorphic. In
the present study PIC values ranged from 0.62
to 0.82 (Table 1) and may be considered as
highly polymorphic and ideal for the selection
of polymorphic markers in the study of
pedigree
assignment
and
population
differentiation (Blouin et al., 1996; Borrell et
al., 2002; Chistiacov et al., 2005, PeralesFlores et al., 2007). However, they should be
further studied to establish their real power
for Magur population discrimination.

in the present study will have an immediate
application to track natural Magur
populations.

A decrease in allelic diversity also reduces the
adaptability of a population (Fisher, 1930).
The Fst value indicates the level of genetic
differentiation between populations and the
moderate FST values observed in the present
study explains limited sub-structuring of C.
batrachus species. Khedkar et al., (2016) also
reported low pairwise Fst among 8
populations
of C.
batrachus
using
mitochondrial DNA markers.
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