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ABSTRACT
Holocephali has foreseeable value to help our understanding of vertebrate genome evolution due to
its phylogenetic position. In this study, we reported a complete mitochondrial genome of Hydrolagus
mitsukurii, a species of holocephalans. The mitochondrial genome is 20,486bp in length and comprised
13 PCGs, 2 rRNA, 22 tRNA, and 1 control region (D-loop), as well as a long noncoding insertion
between tRNAThr and tRNAPro. A phylogenetic tree based on 13 PCGs showed that Hydrolagus
mitsukurii was grouped with the members of the family Chimaeridae. Furthermore, the phylogenetic
tree further supported the paraphyletic clades of Hydrolagus and Chimera.
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Introduction

Hydrolagus mitsukurii (Jordan & Snyder, 1904) is a species
belonging to Holocephali (chimaeras), one of the two mono-
phyletic clades of Chondrichthyes. The species is listed as
Near Threatened (NT) according to the IUCN Red List of
Threatened Species 2020 (Finucci et al. 2020). Holocephali
has foreseeable value to help our understanding of verte-
brate genome evolution due to its phylogenetic position
(Venkatesh et al. 2007; Inoue et al. 2010). Venkatesh et al.
(2007) reported the small genome (910Mb) of an elephant
shark (Callorhinchus milii), and they found that the small gen-
ome has a higher percentage of conserved sequences with
the human genome compared to teleost fish genomes. A
total of 15 mitogenomes of Holocephali were reported at the
time of writing. The genetic information of Holocephali needs
to be established to better understand the genome evolu-
tion. In this study, we sequenced the whole mitochondrial
genome of H. mitsukurii to investigate the phylogenetic rela-
tionship with other species in Holocephali.

Materials and methods

A specimen of H. mitsukurii (Figure 1) was collected in the
northern South China Sea (21.00N 118.00 E) in August 2021 at
1300m depth. The specimen was deposited at the Second
Institute of Oceanography with voucher number B6313400002
(Dr. Xiaogu Wang wxg1968@sio.org.cn). Total DNA was

extracted by Marine Animal Genomic DNA Kit (TRAN, China),
and the mitochondrial genome was sequenced using the
Illumina Novaseq PE250 (Shanghai Personalbioc Co., Ltd.,
Shanghai, China) and assembled by A5-miseq v2015052 (Coil
et al. 2015) and SPAdes v3.9.0 (Bankevich et al. 2012). The col-
linearity of the splicing results obtained by different software
was analyzed using MUMmer v3.1 (Kurtz et al. 2004). Based on
the results of collinearity, the position relationship between
contigs was determined and the gap between contigs was
filled. The results were corrected using Pilon v1.18 (Walker
et al. 2014) to gain the complete mitochondrial genome. The
5,484,646 reads were mapped in Geneious Prime (Biomatters
Ltd., Auckland, New Zealand) to check the assembled mitoge-
nome, yielding a coverage of 3,666� (Fig. S1). The complete
mitogenome was annotated in MITOS Web Server (http://
mitos.bioinf.uni-leipzig.de/) (Bernt et al. 2013). The phylogen-
etic analysis was performed based on 13 protein-coding genes

Figure 1. Hydrolagus mitsukurii (Jordan & Snyder,1904), specimen
B6313400002, photographed by Chen Fang (one of the authors).
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(PCGs) from all available 15 mitogenomes of Holocephali, as
well as 10 mitogenomes of sharks, and 4 mitogenomes of
rays. The 13 PCGs were aligned and concatenated using
Geneious Prime. The best-fit models of the evolution were cal-
culated and maximum-likelihood phylogenetic tree was per-
formed using IQ-Tree v1.6.12 (Kalyaanamoorthy et al. 2017;
Minh et al. 2020).

Results and discussion

The mitochondrial genome of H. mitsukurii is 20,486 bp in
length with 32.95% A, 29.43% T, 25.3% C, and 12.33% G.
The genome comprised 13 PCGs, 2 ribosomal RNA genes
(rRNA), 22 transfer RNA genes (tRNA) and 1 control regions
(D-loop) (Figure 2). All PCGs start with codon ATG and stop
with TAA, except for COI and ND2. COI gene uses GTG as the
start codon and terminates with the AGG codon, whereas
ND2 gene terminates with AGG codon. Most genes are
located on the heavy strand, with exception of 8 tRNAs
and the ND6 gene which are located on the light strand. In
addition, a long noncoding insertion (2843 bp) appears
between tRNAThr and tRNAPro (Inoue et al. 2010; Gomes-

dos-Santos et al. 2020; Gomes-dos-Santos et al. 2021;
Vilas-Arrondo et al. 2022).

As shown in the phylogenetic tree, H. mitsukurii falls
within the cluster of Holocephali and clusters with H. affinis
supported by a bootstrap resampling value of 100%
(Figure 3). The recent studies revealed the paraphyletic status
of the genus Hydrolagus and Chimera (Gomes-dos-Santos
et al. 2020; Gomes-dos-Santos et al. 2021; Vilas-Arrondo et al.
2022). Hydrolagus and Chimera were also resolved as para-
phyletic by the mitochondrial genome tree in the present
study, which indicated the affinity of the two genera and the
necessity of a comprehensive phylogenetic review. There is
also a need to increase the genomic data to understand the
phylogenetic relationship of Holocephali. The topology of the
mitogenomic tree also supported the notion of a basal diver-
gence between sharks and rays (Figure 3). The mitochondrial
genome of H. mitsukurii has foreseeable value in the research
of evolution within Holocephali.
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Figure 2. Mitogenome map of Hydrolagus mitsukurii (Jordan & Snyder, 1904).
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