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Abstract
Indian magur (Clarias batrachus) is an important freshwater catﬁsh, which is listed as endangered under A3cde+4acde ver.
3.1 categories by the IUCN (2015) due to decreasing population trend. Microsatellites or short sequence repeats (SSRs) tagged
to genes have been utilized as gene marker. In the present study, 31,814 SSRs of C. batrachus (magur) were identiﬁed using
microsatellite identiﬁcation tool programme from the next generation sequencing data generated on Roche 454 and Ion Torrent
platforms. A bioinformatics pipeline, with stringent criteria resulted in selection of 1672 microsatellite loci falling in the genic
region. Initially, a total of 30 loci were selected for primer development; and of these 14 were successfully ampliﬁed and ﬁve
were found to be polymorphic in 30 individuals of C. batrachus (magur). The observed as well as expected heterozygosity
ranged from 0.038 to 0.526 and 0.434 to 0.784, respectively, and the number of observed alleles ranged from three to ﬁve.
The study reported the application of next generation sequencing technologies for rapid development of microsatellite loci in
Indian catﬁsh species, C. batrachus (magur).
[Srivastava S., Kushwaha B., Prakash J., Kumar R., Nagpure N. S., Agarwal S., Pandey M., Das P., Joshi C. G. and Jena J. K. 2016
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Introduction
Clarias batrachus (Linnaeus, 1758) is a freshwater air breathing catﬁsh, commonly known as ‘magur’. Inhabitants of wetlands, swamps and marshy areas (Singh and Banerjee 2008).
It is fairly distributed in the Ganga and Brahmaputra river
basins in northern and northeastern India, Nepal, Bhutan and
Bangladesh (Ng and Kottelat 2008). This species can survive
out of water for considerable time because of its special
accessory organ for respiration (IUCN 2015). It has high
market value due to high protein (15.0%), iron content
(0.71%), and also rich in minerals and low in fat (1.0%). This
ﬁsh is important food item in Bangladesh, especially for children and lactating mothers as well as for recovering patients.
Recently, the overall survivability of this species is threatened due to overexploitation, destruction of breeding grounds
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and application of pesticides in paddy ﬁelds and also due to
introduction of the Thai magur, C. gariepinus. The population of the species has decreased drastically during the last
few years throughout the species range of distribution that led
the species under the ‘endangered’ (A3cde+4acde ver. 3.1)
category (Vishwanath 2010).
Genetic analyses comprise of investigation of temporal as
well as spatial variations in the population. Although, the
temporal estimates are considered more accurate, but such
studies are limited due to lack of historical data (Chauhan and
Kumar 2010). A variety of molecular markers are currently
used to assess the genetic variations existing in the populations. The microsatellite or simple sequence repeats (SSR)
markers are multiallelic, codominant markers and highly
polymorphic. These markers are extensively used for wide
range of applications in population genetic (O’Connell and
Wright 1997), conservation biology and evolutionary studies
(Hansen et al. 2001). SSRs are relatively abundant having extensive genome coverage in organisms (Gupta and
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Varshney 2000). SSRs associated with genes can be used as
gene markers and are crucial in gene function, genome
mapping, marker-assisted selection and comparative studies.
Discovery of SSR markers involved the use of both
conventional and high-throughput sequencing approaches.
The conventional approach, using enriched genomic library
screening for the development of species-speciﬁc microsatellite markers are time consuming and costlier, which involve
Sanger sequencing of thousands of clones for the identiﬁcation of microsatellite repeats. High-throughput sequencing has emerged as a preferred approach for development of
microsatellites over the former (Fernandez-Silva et al. 2013).
Next generation sequencing (NGS) is extensively used in
rapidly identifying molecular markers, including microsatellite markers in many ﬁsh species namely, Labeo rohita (Sahu
et al. 2012), Catla catla (Sahu et al. 2014) and Schizothorax
biddulphi (Luo et al. 2012).
Despite its high economic value, little efforts have been
made to generate genetic information for C. batrachus
(magur), especially on SSRs. Although, the EST-derived
SSRs have been reported earlier also (Mohindra et al. 2012);
however, the development of new SSRs could be more effective and informative for genetic studies owing to morphological divergence and genetic differences existing between the
populations along with its wide natural distribution. Thus,
more sets of gene-associated microsatellite loci are required
as supplement to the other genetic markers for population
genetic studies. The present study is thus aimed for mining
the microsatellite markers from the genic region of de novo
assembled contigs of C. batrachus (magur) resulting from
low X-coverage sequence data of Roche 454 and Ion Torrent
platform.

designed primers was checked against the de novo assembled
contigs using primer blast. The primer sets showing unique
ampliﬁcations were further ﬁltered and the primers for only
those SSRs fallen in the highly annotated genes (with ≥90
identities and ≥90 query coverage) were retained. These
primer sets were mined using in-house Perl script, which
were further synthesized and validated in wet lab.
PCR ampliﬁcation and sequencing

Genomic DNA of ﬁsh specimens collected in October 2014
from experimental pond of NBFGR, Lucknow (latitude
26◦ 47 13.9482 N and longitude 80◦ 56 9.528 E) was isolated
from ﬁn tissue samples using standard phenol–
chloroform method (Sambrook et al. 1989). PCR amplification
was carried out in four individuals using custom synthesized
primers. PCR reactions were carried out in 25 μL reaction
mixture, contained 25 ng template DNA, 1.5 mM MgCl2 ,
0.2 mM of each dNTPs, 0.5 μm of each primer, 1 U Taq
polymerase (Fermentas, Waltham, USA). The ampliﬁcation
was performed with the cycling conditions of: initial
denaturation at 94◦ C for 5 min, followed by 35 cycles of
denaturation at 95◦ C for 1 min, primer-speciﬁc annealing
temperature for 50 s (table 1), extension at 72◦ C for 45 s,
and a ﬁnal extension step at 72◦ C for 10 min. The PCR products were visualized on 1% agarose gel. Only loci with positive ampliﬁcation were considered for further sequencing.
To conﬁrm the presence of repetitive motif, PCR products
were sequenced from both sides on ABI 3500 Genetic Analyzer (Applied Biosystems, Foster City, USA) using Bigdye
Terminator ver. 3.1 sequencing kit (Applied Biosystems).
Microsatellite analysis

Materials and methods
Mining SSR loci and primer designing

Microsatellites for C. batrachus (magur) were mined from the
data generated on Roche 454 and Ion Torrent NGS platforms at Anand Agricultural University, Anand. The de novo
assembly of the pooled data (Roche 454 + Ion Torrent) was
carried out using ‘Newbler’ genome assembler. Gene prediction of the assembled contigs was carried out using ‘Augustus’ tool. The predicted genes were further annotated using
Blast against the reviewed proteins of ﬁshes, obtained from
Uniprot. Gene ontology (GO) assignment was also done
using a custom-based Perl script. The SSR prediction was
carried out using microsatellite identiﬁcation tool program
(MISA) tool with default parameters (a minimum of ﬁve
times repeat was considered, with the maximum difference
of 100 bp between the two SSRs) for trinucleotides, tetranucleotides, pentanucleotides and hexanucleotides for the de
novo assembled contigs and only the SSRs belonging to the
genic region were considered for the downstream analyses.
Primers for the genic SSRs and other microsatellites were
designed using Primer3 tool. Cross ampliﬁcation of the
604

The selected SSRs were checked for polymorphism in
30 individuals collected during March – October 2014
from river Gomti (latitude 26◦ 52 24.27 N and longitude
80◦ 54 55.77 E) in Lucknow (India). PCR products were
sized and analysed on QIAxcel Capillary Electrophoresis
System using QIAxcel DNA high resolution kit (Qiagen,
Hilden, Germany). The selected method for analysis was
OL500. To enable accurate size measurements, a QX Alignment Marker (15/1 kb) and a QX DNA Size Marker (50–800
bp) were added to the analysis. The ampliﬁed fragments were
automatically sized using QIAxcel ScreenGel software wizard. The program Flexibin (ver. 2) (Amos et al. 2007) converted the length of raw alleles into allelic classes by statistical binning of the alleles and grouped the data into base pair
size categories. Allele size determination for this software is
based on regression analysis standards. These allelic classes
were used for determining the number of alleles per locus and
further used in all downstream analyses. The QIAxcel provided an automated system that increases sample throughput,
reducing labour cost and decreasing the sample processing
time. Number of alleles per locus observed and expected heterozygosity were calculated using Genepop (ver. 4.3). Probability (P) of deviation from Hardy–Weinberg equilibrium
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Table 1. Primer sequence, repeat type, annealing temperature of ampliﬁed microsatellite loci.
Locus

Primer sequence (5 –3 )

CB02

F: GCCATTCTCCGCTTAGTCAA
R: TTCTCCAAACATCTACTGATCTGA
F: CATGCAGAACTTGTGACAGTGA
R: TGCGATTCTGGGTTAGCTCT
F: GAGAGCCAGAGCGAGAGAAA
R: GACGACCTGATACTGGCACA
F: CTCTGTCCAGCTCTTCCACC
R: ATGGACAAACCCTCCAACTG
F: TCACTGTTCTCATGGCTCAGA
R: CGCACGGACACACATTTTAT
F: ATAATCATGCAGGTGGCACA
R: CTGCGGACACATTAGCACAA
F: TCCCAGTTTGACTTGAACACC
R: GAGCCGCATGTTATAGCTCC
F: CAAACAGTCCGATCATTCCC
R: ACGGACACAATGTTCACGTC
F: GCTTGCTTTTCCTTCACCAG
R: ATGTGTCGCTTGTCGTTCAG
F: CAAGTCCTACCTGGCTGCTC
R: AATGGCTCATTGTGTGAACG
F: GAGGTAGGACGGCAAGTTCA
R: CGGTTCCTTTCATTGCAGTT
F: GGTTTGGATGCATCTTGGAT
R: GGACTTGGCAATGACCATCT
F: GTGTCATTAGGGTTGCCAGG
R: TTGCACAGAGGCAAGTGAAG
F: ATTTTGCCAGCCATTGAAAG
R: TGCACCTCTAGGCAGACCTT

CB03
CB05
CB06
CB08
CB13
CB14
CB16
CB17
CB21
CB22
CB23
CB25
CB30

(HWE) was tested for each locus using Popgene 1.32 software. Sequential Bonferroni correction was applied to adjust
the results for multiple simultaneous comparisons. The presence of null alleles was checked by Micro-Checker ver. 2.2.3
software.

Results and discussion
The present study utilized genome sequence data of C.
batrachus (magur) generated through Roche 454 and Ion
Torrent platforms for microsatellite screening, which is
cost-effective, less time consuming and produced ample of
markers than the traditional Sanger sequencing of enriched
genomic libraries (Abdelkrim et al. 2009; Santana et al.
2009; Castoe et al. 2010; Csesnics et al. 2010). The raw data
statistic is depicted in table 2. More than 97% of the data

Repeat
sequence

Annealing
temperature

(ATT)5

59

(TTA)5

59

(CAT)5

58.5

(ATG)5

58.5

(GTGC)5

59

(ATT)6

57

(ATA)6

59

(TCCA)5

58

(TTTA)5

58

(AAAT)6

58

(ATT)5

58

(TTA)5

59

(TCAT)5

57

(AAT)6

57

was found to be of high quality. The de novo assembly of the
processed data resulted in 24,432 contigs (table 3). Mining
from these assembled contigs resulted in 31,814 SSRs. The
total number of SSR containing contigs were found to be
16,524. The SSRs varied from mononucleotide repeats to
hexanucleotide repeats with a maximum of mononucleotide
repeats in the dataset (ﬁgure 1). These mononucleotide and
dinucleotide repeats were ﬁltered out during the downstream
analyses as the mononucleotide repeats are difﬁcult to assay
(Guichoux et al. 2011) and is used in exceptional cases
like studies on chloroplast DNA variation in plants (Ebert
and Peakall 2009). Gene prediction of the assembled contigs resulted in 6402 putative genes. The microsatellites were
further mapped onto the predicted genes and the data was
segregated into genic and intergenic SSRs. The predicted
genes were further annotated against the reviewed proteins
Table 3. Assembly statistics for C. batrachus (magur).

Table 2. Data statistics of C. batrachus (magur) sequenced on
platforms, namely Roche 454 GS FLX, Ion Torrent PGM.
Sequencing
platform
454 GX FLX

Runs Data (GB)

No. of reads Average read
(millions)
length

Run1
Run2

0.5
0.56

1.49
1.54

350.2
372.72

Ion Torrent PGM Run1
Run2

0.89
0.99

2.76
3.39

333.20
300.60

Contigs generated
Maximum contig length
Minimum contig length
Average contig length
Total contigs length
Total number of nonATGC characters
Percentage of nonATGC characters
Contigs >= 1 kbp
Contigs >= 10 kbp
Contigs >= 1 Mbp
N50 value
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24,432
16,510
1801
2546.8
6,22,24,566
214
0.000
24,432
1
0
2469
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Figure 1. Distribution of different types of microsatellite repeats
mined from genome sequence data.
Table 4. Characteristics of polymorphic microsatellites reported in
this study in C. batrachus (magur) (n = 30).
Locus

Na Observed allele size range (bp)

CB02*
CB05*
CB08*
CB22
CB23

4
3
3
5
3

231–249
187–205
251–266
231–252
195–211

HO

HE

PIC

0.238
0.038
0.048
0.526
0.136

0.67
0.65
0.52
0.78
0.43

0.59
0.56
0.43
0.78
0.37

Na , no. of alleles; n, no. of individuals; HO /HE , observed and
expected heterozygosity; PIC, polymorphic information content.
*Signiﬁcant deviation from HWE after Bonferroni correction
(P < 0.001).

of all ﬁshes obtained from Uniprot. Initially, a total of 1100
genes were annotated at >50% identity and query coverage. To increase the authenticity and reproducibility of the
mined microsatellites, it was reannotated at >90% identity
since the data obtained at low sequencing depth and query

coverage resulted in 177 genes, which were considered for
the downstream analyses. Primers were synthesized for a
total of 30 SSRs falling in the highly annotated genic regions
and checked for polymorphism in wet lab.
PCR ampliﬁcation was carried out for all 30 loci, but only
14 loci showed ampliﬁcation (table 1). These 14 ampliﬁed
loci were further tested for polymorphism, of which nine
were monomorphic and ﬁve were polymorphic. Characteristics of these ﬁve loci are provided in table 4. For polymorphic loci, the number of alleles observed ranged from
three to ﬁve with observed heterozygosity ranged from 0.038
to 0.526 (average 0.1972) and the expected heterozygosity ranged from 0.434 to 0.784 (average 0.6146). Table 5
depicts the annotation of genes associated with the ampliﬁed SSRs, which showed maximum similarity with Danio
rerio. The GO study of the associated genes was done to infer
their functional roles. The associated genes were involved
in the intracellular protein transport, regulation of transcription, apoptotic processes, cell cycle and many others. Table 6
highlights the GO aspect of the ampliﬁed SSRs loci. Figure 2
depicts the GO of biological process, cellular component and
molecular function (70% identity and E-value 0.001).
Low variability in genic SSRs observed in the present
study, may be because of the small sample size (n =30). Two
loci (CB022 and CB023) conformed to HWE and three loci
(CB02, CB05 and CB08) deviated from HWE after Bonferroni correction (adjusted P = 0.001), which may be due to
the small sample size, nonrandom mating or the presence of
null alleles. Micro-Checker analysis conﬁrmed the inﬂuence
of null allele for those loci deviating from HWE expectations. Polymorphism information content (PIC) is an important parameter, which need to be considered for the validation of designed SSR markers. The present study revealed
ﬁve novel polymorphic loci (∼33%) of 14 ampliﬁed SSR
loci with the PIC values ranging from 0.37 to 0.78.
Protein Blast (Blast P) searches were conducted to determine the function of genes associated with the SSR markers. Blast P sequence homology searches identiﬁed 14

Table 5. Annotation of gene-associated SSRs using Blast.
Locus Blast similarity match

Gene name Uniprot ID

CB02
CB03
CB05
CB06
CB08
CB13
CB14
CB16
CB17
CB21
CB22
CB23
CB25
CB30

phyhipl
vps26a
nckap1
fgfr4
gro1
dctn2
rargb
atp9b
wdr48
uvssa
rab4b
scrib
cdk20
map2k6
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Phytanoyl-CoA hydroxylase-interacting protein-like
Vacuolar protein sorting-associated protein 26A (vesicle protein sorting 26A)
Nck-associated protein 1 (NAP 1)
Fibroblast growth factor receptor 4 (FGFR-4) (EC 2.7.10.1)
Protein groucho-1 (fragment)
Dynactin subunit 2
Retinoic acid receptor gamma-B (RAR-gamma-B) (nuclear receptor subfamily 1 group B member 3-B)
Probable phospholipid-transporting ATPase IIB (EC 3.6.3.1) (ATPase class II type 9B)
WD repeat-containing protein 48 (USP1-associated factor 1)
UV-stimulated scaffold protein A
Ras-related protein Rab-4B
Protein scribble homologue (Scribble1)
Cyclin-dependent kinase 20 (EC 2.7.11.22) (cell cycle-related kinase) (cell division protein kinase 20)
Dual speciﬁcity mitogen-activated protein kinase kinase 6 (MAP kinase kinase 6) (MAPKK 6)
(EC 2.7.12.2) (mitogen-activated protein kinase kinase 3) (zMKK3)
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A4QNW7
Q6TNP8
B0S6R1
Q90413
O13168
Q7T3H1
A2T928
F1Q4S1
Q6PFM9
E7EXT2
Q68EK7
Q4H4B6
A8WIP6
Q9DGE0
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Table 6. GO of genes associated with SSRs.
GO terms for biological process

GO ID

Intracellular protein transport
Regulation of transcription, dna-templated
Transcription, dna-templated
Activation of gtpase activity
Apoptotic process involved in morphogenesis
Cell cycle
Cell division
Cell migration
Cell proliferation
Cilium morphogenesis
Convergent extension involved in gastrulation
Determination of digestive tract left/right asymmetry
Determination of heart left/right asymmetry
Determination of left/right asymmetry in lateral mesoderm
Determination of liver left/right asymmetry
Determination of pancreatic left/right asymmetry
Endocytosis
Establishment of apical/basal cell polarity
Establishment of mitotic spindle orientation
Establishment of planar polarity
Fibroblast growth factor receptor signaling pathway
Intrahepatic bile duct development
Metabolic process
Microtubule-based process
Mitotic nuclear division
Motor neuron migration
Multicellular organismal development
Negative regulation of bmp signaling pathway
Negative regulation of mitotic cell cycle
Neuron migration
Phospholipid translocation
Positive chemotaxis
Positive regulation of apoptotic process
Positive regulation of cell proliferation
Protein deubiquitination
Protein ubiquitination
Rab protein signal transduction
Regulation of endocytosis
Response to uv
Retrograde transport, endosome to golgi
Retrograde vesicle-mediated transport, golgi to er
Secondary neural tube formation
Single organismal cell-cell adhesion
Transcription-coupled nucleotide-excision repair

GO:0006886
GO:0006355
GO:0006351
GO:0090630
GO:0060561
GO:0007049
GO:0051301
GO:0016477
GO:0008283
GO:0060271
GO:0060027
GO:0071907
GO:0061371
GO:0003140
GO:0071910
GO:0035469
GO:0006897
GO:0035089
GO:0000132
GO:0001736
GO:0008543
GO:0035622
GO:0008152
GO:0007017
GO:0007067
GO:0097475
GO:0007275
GO:0030514
GO:0045930
GO:0001764
GO:0045332
GO:0050918
GO:0043065
GO:0008284
GO:0016579
GO:0016567
GO:0032482
GO:0030100
GO:0009411
GO:0042147
GO:0006890
GO:0014021
GO:0016337
GO:0006283

SSR-containing sequences with signiﬁcant protein homologies (E-value > 1E−10 ) to sequences in the reviewed proteins of ﬁshes obtained from Uniprot (table 5). Signiﬁcant,
hits to annotated protein sequences on Uniprot, included
proteins involved in the development process, including
protein scribble homologue (Q4H4B6), cyclin-dependent
kinase 20 (A8WIP6) and cell proliferation including ﬁbroblast growth factor receptor 4 (Q90413) and dynactin subunit 2 (Q7T3H1). Proteins involved in defense responses
included dynactin subunit 2 (Q7T3H1) and Nck-associated
protein 1 (B0S6R1). SSR-containing sequences showed hit
to UV-stimulated scaffold protein A (E7EXT2), which is
involved in DNA repair. Transporter protein, i.e. vacuolar

protein sorting-associated protein 26A (Q6TNP8), was
also identiﬁed.
Earlier studies revealed the utility of microsatellites,
derived from transcribed sequences (i.e. ESTs or transcriptome), for a wide variety of applications, including linkage and QTL mapping, comparative genomics and studies
of genome evolution (Liu and Cordes 2004). Microsatellite
markers in the noncoding regions of the genome using conventional approach were developed by Chan et al. (2005)
for Mystus nemurus and were cross ampliﬁed and tested
in C. batrachus. Cross-species ampliﬁed eight polymorphic
microsatellite markers in C. batrachus were also reported,
which originally were designed for the bighead catﬁsh,
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Figure 2. GO of biological process, cellular component and molecular function.

C. macrocephalus (Nazia and Azizah 2014). Eighteen novel
microsatellite loci were isolated from the C. batrachus
using same traditional approach (Yue et al. 2003). Whereas
development of EST-derived SSRs and SNPs and characterization of 27 novel gene-associated SSR markers in C. batrachus (magur) have been reported (Mohindra et al. 2012).
Effective management and interpretation of stock(s) could
be made by assessing genetic diversity in C. batrachus
with microsatellite markers, which has been proven enormous utility in studying genetic variability of populations of
farmed catﬁshes (Perales-Flores et al. 2007).
The present study focussed on the screening of potential microsatellites from a low depth genome sequence data
using bioinformatics pipeline. The polymorphic SSRs are
novel, reasonably important and reported for the ﬁrst time in
C. batrachus (magur) using NGS at low sequencing depth.
The transcript-associated microsatellites act as ideal markers
for studying the genetic basis of phenotypic trait variation,
thus the polymorphic SSRs reported in the study can act as
‘anchor points’ for cross-species comparisons. The microsatellite development approach using NGS will not only accelerate detection of microsatellite markers in endangered/
nonmodel species, but also facilitate population genetics
studies. This will further assist in the development of linkage
maps in C. batrachus (magur) and other related genera.
608
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