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The complete nucleotide sequence of the mitochondrial genome
(mitogenome) of Aspiorhynchus laticeps was determined. The length of
the complete mitochondrial DNA sequence of A. laticeps is 16,591 bp,
which consists of 13 protein-coding genes, 22 transfer RNA (tRNA) genes,
two ribosomal RNA (rRNA) genes, and a non-coding region ‘D-loop’.
Except for the D-loop, another non-coding region named replication
origin of L-strand (OL) region was also found. According to the phylo-
genetic analysis, A. laticeps has a closer relationship with Schizothorax.
© 2014 The Authors. Published by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-sa/3.0/).
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Introduction

Mitochondrial DNA (mtDNA) is the only genetic material outside the nuclear DNA. It is characterized of
small molecular weight, simple construction, fast evolutionary rate, maternal heredity and non-tissue
specificity (Curole and Kocher, 1999). To date, the mtDNA is widely used in analyzing genetic relationship
of animal or plant, population differentiation and colonial diversity (Knudsen et al., 2006; Lavoue et al.,
2007; Morin et al., 2010; Stoneking and Soodyall, 1996).

Aspiorhynchus laticeps (Cypriniformes, Cyprinidae, Schizothorax subfamily) distributes only in Tarim
River, China. This species is not only a Chinese specialty fish, but also included in the world's valuable
species. It has a high economic and academic value (Bain and Zhang, 2001). However, due to the weak
awareness of animal protection and overfishing, the population resources of A. laticeps have extremely
declined, and are on the verge of extinction. Currently, there are a few studies on A. laticeps, which mainly
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focus on physiology, biochemistry, artificial propagation, resource survey and protection (Ren et al., 2007;
Yi, 2001; Zhang et al., 2008). In this study, PCR amplification and DNA sequencing methods were used to
determine the A. laticeps mitochondrial genome sequence. Structural and evolutionary analyses were also
performed. The results will provide basic data for further studies such as population genetic diversity
research of this species.
Materials and methods

Sample source and DNA extraction

A. laticeps samples were collected from Tarim River (Xinjiang, China). All specimens were preserved in
100% ethanol and stored at 4 °C before DNA extraction. Total genomic DNA was obtained by phenol–
chloroform extraction from the fin tissue of A. laticeps and stored at −20 °C.
Mitochondrial DNA amplification and sequencing

As shown in Table 1, eight pairs of PCR primers were designed based onmtDNA sequences of Schizothorax
macropogon (KC020113), Schizothorax waltoni (JX202592), Schizothorax biddulphi (JQ844133), Carassius
auratus (JN105355), Labeo rohita (JN412817), Cyprinus carpio (JX188253), and Squaliobarbus curriculus
(KC351187). PCR reactions were performed according to the reference protocol (Kong et al., 2009). The PCR
products were firstly detected by visualization in a 1% agarose gel electrophoresis, and then sequenced by
using DNA Sequencer (ABI 377) from BGI Inc. (Shenzhen, China).
Sequence assembly and annotation

The DNA fragment was preliminary analyzed by using Sequencing Analysis v3.4.1 (Applied Biosystems)
and Seqman v5.05 (DNASTAR). DNA sequence alignment and fragment assembly were performed using
ClustalX v1.81 (Thompson et al., 1997). Transfer RNAs were identified using tRNAscan-SE 1.21 (http://
lowelab.ucsc.edu/tRNAscan-SE/) (Lowe and Eddy, 1997). The position of 13 protein-coding genes and two
rRNA genes was identified by sequence homology analyses to other known Cypriniformes mitochondrial
sequences in GenBank. Nucleotide composition was calculated by MEGA 4.0.
Table 1
The primer sequences.

Name Sequences (5′–3′)

YUM-F1 AGCCACACCCCCAAGGGAAT
YUM-R1 ACAGATAGAAACTGACCTGG
YUM-F2 CTCGATGTTGGATCAGGACATC
YUM-R2 AGTAGATGGATGCYCGCTGG
YUM-F3 CCTTACTAGAYGGGAAGGCC
YUM-R3 CTTYCTAGYGAGGCGTCTTC
YUM-F4 GCCCAGGNGTDTTYTAYGGACA
YUM-R4 TTTCCYTGGGGTTTAACCAAGA
YUM-F5 TCYATCTAYTGATGAGGCTCA
YUM-R5 GCACCAAGRGTTTTTGGTTCCT
YUM-F6 CATCCRTTGGTCTTAGGAACC
YUM-R6 AGGRTTAGGGCTCAGGCGTT
YUM-F7 ATYATYGAAGCCCTAAACACCTC
YUM-R7 CTCCCAAAGCCAGAATTCTAAA
YUM-F8 AAGCATCGGTCTTGTAATCCGAAGA
YUM-R8 TAACCGCGGTGGCTGGCAC

http://lowelab.ucsc.edu/tRNAscan-SE/
http://lowelab.ucsc.edu/tRNAscan-SE/


Table 2
Characteristics of the mitochondrial genome of Aspiorhynchus laticeps.

Locus Position number Size (bp) Anticodon Stranda Codon

Start Stop Start Stop

tRNA-Phe 1 69 69 GAA H
12S rRNA 70 1027 958 H
tRNA-Val 1028 1099 72 TAC H
16S rRNA 1100 2775 1676 H
tRNA-Leu 2776 2851 76 TAA H
ND1 2852 3826 975 H ATG TAA
tRNA-Ile 3831 3902 72 GAT H
tRNA-Gln 3971 3901 71 TTG L
tRNA-Met 3974 4042 69 CAT H
ND2 4043 5087 1045 H ATG T
tRNA-Sec 5088 5158 71 TCA H
tRNA-Ala 5229 5161 69 TGC L
tRNA-Asn 5303 5231 73 GTT L
OL 5304 5336 33
tRNA-Cys 5403 5337 67 GCA L
tRNA-Tyr 5473 5403 71 GTA L
CO1 5475 7025 1551 H GTG TAA
tRNA-Ser 7096 7026 71 TGA L
tRNA-Asp 7100 7171 72 GTC H
CO2 7185 7875 691 H ATG T
tRNA-Lys 7876 7951 76 TTT H
ATP8 7953 8117 165 H ATG
ATP6 8111 8793 683 H ATG TA
CO3 8794 9578 785 H ATG TA
tRNA-Gly 9579 9650 72 TCC H
ND3 9651 9999 349 H ATG T
tRNA-Arg 10,000 10,069 70 TCG H
ND4L 10,070 10,366 297 H ATG TAA
ND4 10,360 11,740 1381 H ATG T
tRNA-His 11,741 11,809 69 GTG H
tRNA-Ser 11,810 11,878 69 AGC H
tRNA-Leu 11,879 11,951 73 TAG H
ND5 11,955 13,778 1824 H ATG TAA
ND6 14,296 13,775 522 L ATG TAA
tRNA-Glu 14,365 14,297 69 TTC L
CYTB 14,370 15,510 1141 H ATG T
tRNA-Thr 15,511 15,582 72 TGT H
tRNA-Pro 15,651 15,582 70 TGG L
D-loop 15,652 16,951 940

a H and L indicate genes transcribed on the heavy and light strands, respectively.
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Phylogenetic analysis

The 13 protein-coding genes from 21 Cypriniformes and three Perciformes species were downloaded
from GenBank (Table 3). All the sequences were concatenated and aligned using ClustalX 2.1. Phylogenetic
analyses were performed using Neighbor-Joining (NJ) in MEGA 4.0 (Tamura et al., 2007) and Maximum
Likelihood (ML) in PhyML 3.0 (Guindon et al., 2010). The bootstrap of NJ and ML was 1000.

Results and discussion

Genome structure of A. laticeps mtDNA

As indicated in Table 2, the length of the completemitochondrial DNA sequencewas 16,591 bp, consisting
of 13 protein-coding genes, 22 tRNA genes, two rRNA genes, and a non-coding region ‘D-loop’ (GenBank
accession number: KF564793). Except for the D-loop, another non-coding region named replication origin of



Table 3
List of taxa in the phylogenetic analyses with their GenBank accession numbers.

Species GenBank accession number Reference

Niwaella delicata AP009308 Saitoh et al. (2010)
Misgurnus nikolskyi AB242171 Saitoh et al. (2006)
Pygocentrus nattereri AP012000 Nakatani et al. (2011)
Cobitis striata AB054125 Saitoh et al. (2003)
Chalceus macrolepidotus AB054130 Saitoh et al. (2003)
Hypophthalmichthys nobilis HM162839 Unpublished
Ctenopharyngodon idella JQ231115 Unpublished
Cyprinus carpio JX188254 Unpublished
Xenocypris davidi KF039718 Unpublished
Labeo calbasu JQ231113 Unpublished
Carassius auratus GQ303444 Komiyama et al. (2009)
Hypophthalmichthys molitrix EU315941 Unpublished
Megalobrama amblycephala EU434747 Unpublished
Mylopharyngodon piceus EU979305 Wang et al. (2012)
Rhodeus ocellatus DQ026430 He et al. (2008)
Acheilognathus macropterus EF483935 Unpublished
Pseudorasbora parva JF802126 Unpublished
Coreius heterodon JF906110 Xu et al. (2013)
Schizothorax macropogon KC020113 Zhu et al. (2013)
Spinibarbus denticulatus KC852197 Unpublished
Lateolabrax japonicus JQ860109 Unpublished
Schizothorax biddulphi JQ844133 Gong et al. (2012)
Oreochromis niloticus GU370126 He et al. (2011)
Pagrus major AP002949 Unpublished

Fig. 1. The predicted structure of the ‘OL’ region.

221M. Jiang et al. / Meta Gene 2 (2014) 218–225



Table 4
The alignment of the D-loop with other carps.

Species Subject IDs % identity Alignment length e value Bit score

Procypris rabaudi gi|154818372| 91.55 852 0 1155
Percocypris pingi gi|396580971| 89.38 923 0 1144
Cyprinus carpio gi|168693379| 88.77 926 0 1112
Puntius snyderi gi|429128434| 88.79 928 0 1110
Schizothorax oconnori gi|459926856| 88.49 930 0 1098
Schizothorax macropogon gi|428674415| 88.16 929 0 1081
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L-strand (OL) region was also found. The “OL” region (CTTTTCCCGCCGCCTGCCTCAGTGAGGCGGGAA) is
33 bp in length and has the potential to fold into a stem-loop secondary structure (Fig. 1). The size,
location and order of genes in A. laticeps mtDNA sequence were consistent with those of the other bony
fishes.
Non-coding region

Themajor non-coding sequence of theA. laticepsmitochondrial genome is D-loop,which is 940 bp in length.
tRNAPro and tRNAPhe genes are at two ends of theD-loop, respectively. Previous reports demonstrated that the
conserved sequence region exists at D-loop control region in vertebrate mitochondrial genome, which is the
DNA polymerase and RNA polymerase binding site for transcription and replication of DNA (Foran et al., 1988;
Shadel and Clayton, 1997). By analyzing theA. laticepsD-loop sequence,we found that its conserved sequence is
Fig. 2. The consensus phylogenetic relationship of Aspiorhynchus laticeps with the other species from Maximum Likelihood (ML)
analyses. The numbers on the branches are bootstrap values for ML.

image of Fig.�2
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very similar to the sequences of conserved region in other carps (Table 4).Moreover, the position and size of the
“OL” region of A. laticeps are also similar to those of other Cyprinids. For example, the length is 33 bp in S.
macropogon, 32 bp in Hypophthalmichthys nobilis, and 33 bp in C. auratus. And their “OL” regions are all located
between the tRNA-Asn and tRNA-Cys genes (Table 2).

tRNA and rRNA genes

The 12S and 16S rRNA genes in A. laticepsmtDNAwere 958 bp and 1676 bp, respectively. Similar to other
Cyprinidae, the rRNA gene composition was 34.4% A; 24.4% C; 21.2% G; 20.0% T (Wang et al., 2008). The
sequence analysis revealed that there are 22 tRNA genes in A. laticeps mtDNA, which are dispersed in the
mitochondrial genome and ranged from 69 to 76 bp in length (Table 2). Among these tRNA genes, tRNAGln,
tRNAAla, tRNAAsn, tRNACys, tRNATyr, tRNASer, tRNAGlu and tRNAPro are located on the L chain and the
others on the H chain. Except for tRNASer gene, all of the other tRNA genes can be folded into the typical
cloverleaf structure.

Protein-coding genes

The size and positioning of 13 protein-coding genes in A. laticeps mtDNA are consistent with those of
the other bony fishes. As shown in Table 2, all these protein coding gene sequences started with an ATG
Fig. 3. The consensus phylogenetic relationship of Aspiorhynchus laticepswith the other species from Neighbor-Joining (NJ) analyses.
The numbers on the branches are bootstrap values for NJ.
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codon, except for CO1 gene (startedwithGTG). TNN stop codon is used inA. laticepsmitochondrial genome, in
which TAA is themost commonly used. For instance, there are 5 genes (ND1, CO1, ND4L, ND5 and ND6)with
TAA stop codon, while the other genes have the T and the secondary structure of the tRNA as a translation
termination. ND2 andND3 genes use the next tRNA to constitute a termination codon TAG (Table 2). ND6 gene
is unique in the L chain gene. There are some that overlap between adjacent tRNA genes in themitogenomes of
the other bony fishes. For example, ATP8 and ATP6 sharedwith 7 bp, ND4L andND4 sharedwith 7 bp andND5
andND6 sharedwith 4 bp in the grass carp and the black carp, and ATP8 and ATP6 sharedwith 9 bp, ND4L and
ND4 shared with 7 bp and ND5 and ND6 shared with 4 bp in the Nile tilapia and Blue tilapia (He et al., 2011;
Wang et al., 2008, 2012). Similarly, there are three overlapping structures in A. laticepsmtDNA (ATP8 and ATP6
shared with 7 bp; ND4L and ND4 shared with 7 bp; ND5 and ND6 shared with 4 bp).

Phylogenetic analysis

Phylogenetic trees were constructed by using the NJ and ML methods (Figs. 2 and 3). As indicated by
the tree, different species from the same family clustered together (e.g. Cyprinidae), and the species from
Perciformes formed a monophyletic group. Throughout the phylogenetic analysis, A. laticeps has a closer
relationship to Schizothorax, but is distantly related to Xenocypris and Hypophthalmichthys which have the
higher level of specialization. So far, there has been neither a good reference taxonomy nor a comprehensive
phylogenetic study that encompasses the whole spectrum of cypriniform diversity because of a wide variety
of Cypriniformes (Saitoh et al., 2006). Thus, the mitochondrial genome data and phylogenetic analysis of the
A. laticeps can enrich the evolution research of Cypriniformes.

Acknowledgments

This work was supported by the Special Fund for Agro-scientific Research in the Public Interest
(No. 201203086) and the fund of the Yangtze River Fisheries Research Institute (No. SZ2012-04).

References

Bain, Mark B., Zhang, S., 2001. Threatened fishes of the world: Aspiorhynchus laticeps (Day, 1877) (Cyprinidae). Environ. Biol. Fish 61,
380.

Curole, J.P., Kocher, T.D., 1999. Mitogenomics: digging deeper with complete mitochondrial genomes. Trends Ecol. Evol. 14, 394–398.
Foran, D.R., Hixson, J.E., Brown,W.M., 1988. Comparisons of ape and human sequences that regulatemitochondrial DNA transcription and

D-loop DNA synthesis. Nucleic Acids Res. 16, 5841–5861.
Gong, X.L., Cui, Z.K., Zhang, X.Y., Wang, C.H., 2012. Complete mitochondrial DNA sequence of the endangered Tarim schizothoracin

(Schizothorax biddulphi Gunther). Mitochondrial DNA 23, 385–387.
Guindon, S., Dufayard, J.F., Lefort, V., Anisimova, M., Hordijk, W., Gascuel, O., 2010. New algorithms and methods to estimate

maximum-likelihood phylogenies: assessing the performance of PhyML 3.0. Syst. Biol. 59, 307–321.
He, S., Gu, X., Mayden, R.L., Chen, W.J., Conway, K.W., Chen, Y., 2008. Phylogenetic position of the enigmatic genus Psilorhynchus

(Ostariophysi: Cypriniformes): evidence from the mitochondrial genome. Mol. Phylogenet. Evol. 47, 419–425.
He, A., Luo, Y., Yang, H., Liu, L., Li, S., Wang, C., 2011. Complete mitochondrial DNA sequences of the Nile tilapia (Oreochromis niloticus)

and Blue tilapia (Oreochromis aureus): genome characterization and phylogeny applications. Mol. Biol. Rep. 38, 2015–2021.
Knudsen, B., Kohn, A.B., Nahir, B., McFadden, C.S., Moroz, L.L., 2006. Complete DNA sequence of the mitochondrial genome of the sea-

slug, Aplysia californica: conservation of the gene order in Euthyneura. Mol. Phylogenet. Evol. 38, 459–469.
Komiyama, T., Kobayashi, H., Tateno, Y., Inoko, H., Gojobori, T., Ikeo, K., 2009. An evolutionary origin and selection process of goldfish.

Gene 430, 5–11.
Kong, X., Dong, X., Zhang, Y., Shi, W., Wang, Z., Yu, Z., 2009. A novel rearrangement in the mitochondrial genome of tongue sole,

Cynoglossus semilaevis: control region translocation and a tRNA gene inversion. Genome 52, 975–984.
Lavoue, S., Miya, M., Saitoh, K., Ishiguro, N.B., Nishida, M., 2007. Phylogenetic relationships among anchovies, sardines, herrings and

their relatives (Clupeiformes), inferred from whole mitogenome sequences. Mol. Phylogenet. Evol. 43, 1096–1105.
Lowe, T.M., Eddy, S.R., 1997. tRNAscan-SE: a program for improved detection of transfer RNA genes in genomic sequence. Nucleic

Acids Res. 25, 955–964.
Morin, P.A., Archer, F.I., Foote, A.D., Vilstrup, J., Allen, E.E., Wade, P., Durban, J., Parsons, K., Pitman, R., Li, L., Bouffard, P., Abel Nielsen,

S.C., Rasmussen, M., Willerslev, E., Gilbert, M.T., Harkins, T., 2010. Complete mitochondrial genome phylogeographic analysis of
killer whales (Orcinus orca) indicates multiple species. Genome Res. 20, 908–916.

Nakatani, M., Miya, M., Mabuchi, K., Saitoh, K., Nishida, M., 2011. Evolutionary history of Otophysi (Teleostei), a major clade of the
modern freshwater fishes: Pangaean origin and Mesozoic radiation. BMC Evol. Biol. 11, 177.

Ren, Bo, Ren, M.L., Guo, Yan, Zhang, Ren-ming, Ma, Yan-wu, Tu, Er-xun, Liu, Yu, A, Bu-du, Ai, Ze-zi, 2007. Morphological observation
of the development of Aspiorhynchus laticeps embryo and larva. J. Dalian Fish. Univ. 22, 397–402.

Saitoh, K., Miya, M., Inoue, J.G., Ishiguro, N.B., Nishida, M., 2003. Mitochondrial genomics of ostariophysan fishes: perspectives on
phylogeny and biogeography. J. Mol. Evol. 56, 464–472.

http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0145
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0145
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0005
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0010
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0010
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0015
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0015
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0020
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0020
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0030
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0030
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0025
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0025
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0035
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0035
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0040
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0040
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0045
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0045
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0050
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0050
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0055
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0055
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0065
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0065
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0070
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0070
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0150
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0150
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0085
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0085


225M. Jiang et al. / Meta Gene 2 (2014) 218–225
Saitoh, K., Sado, T., Mayden, R.L., Hanzawa, N., Nakamura, K., Nishida, M., Miya, M., 2006.Mitogenomic evolution and interrelationships of
the Cypriniformes (Actinopterygii: Ostariophysi): the first evidence toward resolution of higher-level relationships of the world's
largest freshwater fish clade based on 59 whole mitogenome sequences. J. Mol. Evol. 63, 826–841.

Saitoh, K., Chen, W.J., Mayden, R.L., 2010. Extensive hybridization and tetrapolyploidy in spined loach fish. Mol. Phylogenet. Evol. 56,
1001–1010.

Shadel, G.S., Clayton, D.A., 1997. Mitochondrial DNA maintenance in vertebrates. Annu. Rev. Biochem. 66, 409–435.
Stoneking, M., Soodyall, H., 1996. Human evolution and the mitochondrial genome. Curr. Opin. Genet. Dev. 6, 731–736.
Tamura, K., Dudley, J., Nei, M., Kumar, S., 2007. MEGA4: Molecular Evolutionary Genetics Analysis (MEGA) software version 4.0. Mol.

Biol. Evol. 24, 1596–1599.
Thompson, J.D., Gibson, T.J., Plewniak, F., Jeanmougin, F., Higgins, D.G., 1997. The CLUSTAL_X windows interface: flexible strategies

for multiple sequence alignment aided by quality analysis tools. Nucleic Acids Res. 25, 4876–4882.
Wang, C., Chen, Q., Lu, G., Xu, J., Yang, Q., Li, S., 2008. Complete mitochondrial genome of the grass carp (Ctenopharyngodon idella,

Teleostei): insight into its phylogenic position within Cyprinidae. Gene 424, 96–101.
Wang, C., Wang, J., Yang, J., Lu, G., Song, X., Chen, Q., Xu, J., Yang, Q., Li, S., 2012. Complete mitogenome sequence of black carp

(Mylopharyngodon piceus) and its use for molecular phylogeny of leuciscine fishes. Mol. Biol. Rep. 39, 6337–6342.
Xu, D., Li, P., Zhang, Y., Peng, Z., 2013. Comparative study of the complete mitochondrial genomes of the bronze gudgeon (Coreius heterodon)

and largemouth bronze gudgeon (Coreius guichenoti). Mitochondrial DNA 24, 189–190.
Yi, Q., 2001. Xinjiang biodiversity and its protection strategies. J. Xinjiang Agric. Univ. 24, 49–54.
Zhang, Ren-ruing, Guo, Yan, Ma, Yah-wu, Tuersun, Xie, Chun-gang, Abudu, Chen, Shao-ping, 2008. Study on artificial reproduction of

Aspiorhynchus laticeps (Day). J. Hydroecology 1, 146–148.
Zhu, Y., Chen, Y., Cheng, Q., Qiao, H., Chen, W., 2013. The complete mitochondrial genome sequence of Schizothorax macropogon

(Cypriniformes: Cyprinidae). Mitochondrial DNA 24, 237–239.

http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0090
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0090
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0090
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0080
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0080
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0095
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0100
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0105
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0105
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0110
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0110
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0115
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0115
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0120
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0120
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0125
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0125
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0155
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0160
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0160
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0140
http://refhub.elsevier.com/S2214-5400(14)00007-3/rf0140

	The complete mitochondrial genome of Aspiorhynchus laticeps and its phylogenetic analysis
	Introduction
	Materials and methods
	Sample source and DNA extraction
	Mitochondrial DNA amplification and sequencing
	Sequence assembly and annotation
	Phylogenetic analysis

	Results and discussion
	Genome structure of A. laticeps mtDNA
	Non-coding region
	tRNA and rRNA genes
	Protein-coding genes
	Phylogenetic analysis

	Acknowledgments
	References


