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Ion Torrent next-generation sequencing reveals the complete mitochondrial
genome of koi carp (Cyprinus carpio, Cyprinidae)
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ABSTRACT
The complete mitochondrial genome of the koi carp (Cyprinus carpio, Cyprinidae) was sequenced in the
present study by using Ion Torrent Personal Genome Machine (PGM) platform for the first time. The
mitochondrial genome sequence is 16 581 bp in size and consists of 13 protein-coding genes, 22 tRNA
genes, two rRNA genes and one control region. The gene order and organization were similar to most
of the other teleost. The nucleotide compositions of the light strand are 24.82% of A, 31.92% of T,
27.53% of G and 15.73% of C. With the exception of eight tRNA genes and the NADH dehydrogenase
subunit 6 (ND6), all other mitochondrial genes are encoded on the heavy strand. The phylogenetic tree
constructed using a maximum-likelihood model showed sister relationship of koi carp to other
Cyprinidae fishes.
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The koi carp (Cyprinus carpio, Cyprinidae) include the colourful
ornamental varieties of common carp which are represented
in various competitive exhibitions worldwide and are probably
the most expensive market of individual freshwater fish (FAO
2012). To date, all the published mitochondrial genomes of
Cyprinus carpio were sequenced by using Illumina Platform
(Wang et al. 2013; Hu et al., 2014a, 2014b; Lin et al. 2014;
Mabuchi & Song 2014). Comparison research of Illumina
Platform and Ion Torrent PGM platform were indicated that
there are key differences between the quality of that data
and the applications it will support (Quail et al. 2012;
Salipante et al. 2014). The Ion Torrent Platform was proved
could assemble the mitogenome of fish species effectively
(Xie et al. 2014; Raman et al. 2015). Thus, the Ion Torrent
Platform was employed in this study aimed at enhancing the
accuracy of Cyprinus carpio mitogenome and providing the
basis for further study on conservation researches.

The specimen was sampled from a culture farm in Nansha,
Guangdong Province, China. The pectoral fin of the fresh fish
was preserved in 95% ethanol and the total genomic DNA
was extracted by using the salting-out procedure (Howe et al.
1997). The entire sequence of koi carp (Cyprinus carpio) mito-
chondrial genome (GenBank accession number KU159761) is
16 581 bp in length and contained 38 genes including 13
protein-coding genes, 22 transfer RNA genes (tRNA), two ribo-
somal RNA genes (12S rRNA and 16S rRNA) and a control
region. All genes were encoded on the heavy strand, with

only the NADH dehydrogenase subunit 6 (ND6) and eight
tRNA genes (Gln, Ala, Asn, Cys, Tyr, Glu, Pro, Ser) were
encoded on the light strand. The nucleotide compositions of
the both light and heavy strand are 33.12% of A, 33.01% of T,
14.24% of G and 19.63% of C.

All of the protein-coding genes begin with an ATG initi-
ation codon except COX1 which was started with GTG.
There were three types of termination codons including TAA
for ND1, COX1, ATP6, COX3, ND4L, ND5 and ND6, TAG for
ND2, ATP8 and ND3, T for COX2, ND4 and CYTB. The length
of the 12S rRNA and 16SrRNA was 955 and 1679 bp,
respectively. The 12S and 16S rRNA genes were located
between the tRNA-Phe (GAA) and tRNA-Leu (TAA) genes,
and separated by the tRNA-Val gene with the same location
situation was also found in other vertebrates (Yang et al.
2014; Zhao et al. 2014). The 22 tRNA genes were ranging
from 67 (tRNA-Cys) to 76 bp (tRNA-Leu and tRNA-Lys) in
length. All these tRNAs could fold into the typical cloverleaf
secondary structure although numerous non-complementary
and T–G base pairs exist in the stem regions. The control re-
gion (D-loop gene) was 927 bp in length, located between
tRNA-Pro (TGG) and tRNA-Phe (GAA) gene. Most genes were
either abutted or overlapped.

The 15 mitochondrial genomes from GenBank which
belongs to the subfamily Cyprinidae were selected to derive
phylogenetic relationships (Figure 1). After analysis by the
jModelTest2.1.7, the phylogenetic tree was constructed using
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RAxML8.1.5 software (Scientific Computing Group, Heidelberg
Institute for Theoretical Studies, Heidelberg, Germany) through
maximum-likelihood method and the Bootstrap value was
1000 (Stamatakis 2006; Posada 2008).
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