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ABSTRACT
Here we report the reconstruction of the catla (Catla catla) complete mitochondrial genome sequence
from low depth paired end Illumina sequencing. The genome is of 16,597 bp in size. Similar to other
vertebrate mtgenomes, it consists of 13 protein-coding genes, 22 tRNAs, 2 rRNAs and a putative control
region. The present mtgenome is 3 bp longer than the earlier reported catla mtgenome from our
laboratory. Majority of the mitochondrial genes are encoded by the H-strand. Phylogenetics analysis
revealed that Catla catla is closer to Labeo rohita than other labeo species. Present study demonstrated
the power of next generation sequencing towards hassle free and rapid sequencing of mitochondrial
genomes of non-model organisms.

ARTICLE HISTORY
Received 19 January 2017
Accepted 19 February 2017

KEYWORDS
Next generation
sequencing; Catla;
phylogenetics;
mitochondrial

Catla catla popularly known as catla is the second most
important Indian major carp widely cultured in Indian sub-
continent and wild stocks of catla were declining day by day
(Reddy 2005). Conservation and protection of genetic diver-
sity is essential for sustainable production of aquaculture spe-
cies. Mitochondrial DNA has been successfully utilized for
several population genetic studies due to its peculiar charac-
teristics (Avise et al. 1987). Complete mtDNA sequence has
several advantages over partial mtDNA sequences (Miya et al.
2003). The complete mtDNA of catla has been sequenced
and reported using Sanger’s sequencing (Accession no
NC_016892 and JQ_087872). However, the advantages of the
next generation sequencing (NGS) technology were not
explored by any of the previous study. So, in the present
study, we have reconstructed the complete mitogenome of
catla (Accession no KY419138) from Illumina short paired end
reads and compared with complete mitogenomes of other
cyprinids.

Genomic DNA from fin tissue of a single specimen
(Voucher No: 1506, stored at ICAR-CIFA) of catla, collected
from river Mahanadi was extracted using standard phenol-
chloroform method (Sambrook & Russel 2001). Illumina paired
end libraries were prepared and sequenced on an Illumina
Nextseq500 (San Diego, CA) platform. Approximately 7GB of
sequence data was obtained. De novo assembly was per-
formed using CLC Genomics Workbench software (CLC Bio,
Aarhus, Denmark) with maximum stringency (Fraction
(LF)¼ 0.50, Sequence Similarity (SIM)¼ 0.80) and minimum
contig length 200 bp. In total 697,565 contigs with N50 of
643 bp were obtained. Contings ranging from 10 to 16 kb in
length were subject to blast in NCBI database. The contig of

16,597 bp in size was observed to be the mitogenome of
catla and annotated using MitoAnnotator (Iwasaki et al.
2013). Complete mitogenome sequences for other cyprinids
were downloaded from the NCBI database. Phylogenetics
analysis along with the reconstructed catla mitogenome was
performed using MEGA6 (Tamura et al. 2013).

The complete mtgenome of catla was found to be
16,597 bp and comprised of 13 protein-coding genes, 22
tRNAs, 2 rRNAs and a putative control region. The present
mitogenome of catla reconstructed from NGS data is largest
in size in comparison to the mtDNAs reported earlier.
Organization of genes in the catla mitogenome is in conform-
ity with other vertebrates. Except few genes, majority of the
mitochondrial genes were encoded in the H-strand. In all the
protein-coding genes ATG was the start codon except COI
which encoded GTG. Similarly, TAA and an incomplete stop
codon T– – were encoded by protein-coding genes except
ND3 which encoded TAG in catla. Out of 22 tRNA genes, 21
catla tRNA genes can fold into a typical cloverleaf structure,
except for tRNASer (AGY) lacking dihydrouridine arm. Length
of tRNA genes ranged from 67 to 76 bp. The D-loop is 929 bp
in size and contains a microsatellite (TA)7, a putative termin-
ation-associated sequence and three conserved sequence
blocks. There were 2 overlaps and 10 intergenic spacer
regions with a 36 bp long intergenic spacer region in
between tRNAAsn and tRNACys. Interestingly the mtgenome
yielded from the NGS shared 99% similarity to the mtgenome
sequenced earlier in our laboratory (Bej et al. 2012). The
phylogenetic (Figure 1) analysis showed that catla is closer to
Labeo rohita. The present study demonstrated the power of
next generation sequencing, the need for PCR-free
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mitogenome sequencing without involving sample process-
ing, primer designing and long range PCR in non-model
aquatic species.

Acknowledgements

The authors are thankful to the Director, ICAR-CIFA, Bhubaneswar, for
providing the laboratory facility to carry out the present work.

Disclosure statement

The authors have no conflict of interest.

References

Avise JC, Arnold J, Ball RM, Bermingham E, Lambt T, Neigel JE, Reeb CA,
Saunders NC. 1987. Intraspecific phylogeography: the mitochondrial
DNA bridge between population genetics and systematics. Ann Rev
Ecol Syst. 18:489–522.

Bej D, Sahoo L, Das SP, Swain S, Jayasankar P, Das PC, Routray P,
Swain SK, Jena JK, Das P. 2012. Complete mitochondrial genome
sequence of Catla catla and its phylogenetic consideration. Mol Biol
Rep. 39:10347–10354.

Iwasaki W, Fukunaga T, Isagozawa R, Yamada K, Maeda Y, Satoh TP,
Sado T, Mabuchi K, Takeshima H, Miya M, Nishida M. 2013. MitoFish
and MitoAnnotator: a mitochondrial genome database of fish with an
accurate and automatic annotation pipeline. Mol Biol Evol.
30:2531–2540.

Miya M, Takeshima H, Endo H, Ishiguro NB, Inoue JG, Mukai T, Satoh TP,
Yamaguchi M, Kawaguchi A, Mabuchi K, et al. 2003. Major patterns of
higher teleostean phylogenies: a new perspective based on 100 com-
plete mitochondrial DNA sequences. Mol Phylogenet Evol. 26:121–138.

Reddy PVGK. 2005. Carp genetic resources of India, carp genetic resour-
ces for aquaculture in Asia. Malaysia: World Fish Center publishing
Inc., pp. 39–53.

Sambrook J, Russel DW. 2001. Molecular cloning: a laboratory manual.
Cold Spring Harbor (NY): CSH Laboratory Press.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGA6:
Molecular evolutionary genetics analysis version 6.0. Mol Biol Evol.
30:2725–2729.

Figure 1. ML tree of complete mtgenome sequences of 22 teleosts.
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