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ABSTRACT
Here, we present the whole mitochondrial genome of commensal hydroid Eutima japonica McCrady
1859 (family Eirinidae); this is the first specimen of the family to have its mitogenome sequenced. The
linear mitogenome is 15,315bp in length and consists of 13 protein-coding genes (PCGs), large and
small ribosomal subunits (rRNA), methionine and tryptophan transfer RNA (tRNA) genes (trnM and
trnW), and a partial copy of cytochrome oxidase subunit I (cox1) pseudogene, as is typical for the class
Hydrozoa. Nucleotide sequences of two cox1 genes at two ends of the linear mitogenome form a part
of inverted terminal repeat. The overall genomic structure and gene arrangement of 13 PCGs were
identical to the reported mitochondrial genomes of hydrozoans, except for the positions of two tRNA
genes. Phylogenetic analysis of E. japonica 13 PCGs and other cnidarians recovers a closest relationship
with the derived cluster of two hydrozoans, Laomedea flexuosa and Obelia longissimi within
Leptothecata.
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Bivalve-inhabiting hydrozoans have lifestyles from simple epi-
biosis to mutualistic or commensalistic symbiosis with numer-
ous aquatic animals (Piraino et al. 1994; Gili and Hughes
1995). Two genera of hydroids, Eutima McCrady, 1859 and
Eugymnanthea Palombi, 1935 (e.g. Eutima japonica, E. sapin-
hoa, and Eugymnanthea japonica) as members in the family
Eirenidae are generally observed inhabiting the bivalves via
direct attachment to soft body parts (e.g. mantle) (Kubota
1992, 2012). Since controversy has occurred on the origin of
Eirenidae and evolutionary relationships in hydrozoans,
molecular phylogenetic approach has been conducted using
several marker genes or transcriptome information (Lecl�ere
et al. 2009; Maronna et al. 2016; Kubota and Collins 2017;
Kayal et al. 2018). Since partial genomic information such
(e.g. 16S rRNA, 18S rRNA, and COI genes) has been available
in Eutima and Eugymnanthea yet, their complete
mitogenomes will provide a robust resource to understand
phylogenetic relationship and evolutionary history of the
bivalve-inhabiting Eirinidae species.

A specimen of E. japonica was collected in the mantle cav-
ity of the Pacific oyster Crassostrea gigas from Southeast Sea
in Korea (34�50016.100N, 128�14030.800W). The voucher speci-
men was registered in the Southeast Sea Fisheries Research
Institute (Species ID: Cnidaria-01; Specimen ID: NIFS-SSFRI-01).
Genomic DNA was isolated using a QIAamp DNA Blood Mini
kit (Qiagen, Hilden, Germany). A genomic library was con-
structed using a MGIEasy DNA library prep kit (MGI,

Shenzhen, China) by MOAGEN (Pusan, Busan, South Korea),
based on the manufacturer’s instructions. The quality of the
library was checked using the Agilent 2100 bioanalyzer
(Agilent Technologies, Santa Clara, CA) and raw reads were
obtained by MGI MGISEQ-2000 sequencing platform (paired-
end, 150 bp read length, MGI). After the trimming process of
30 adapter on the paired-end reads using Cutadapt version
1.9 (Martin 2011), the mitochondrial genome of E. japonica
was recovered by direct mapping to the hydrozoan mitoge-
nomes using Geneious version 11.1.3 (Kearse et al. 2012).
Mitogenome feature and gene annotation were performed
using MITOS2 (Bernt et al. 2013) and tRNAscan-SE version 2.0
(Lowe and Eddy 1997), and finally, the annotated gene was
carefully confirmed using NCBI-BLAST (http://blast.ncbi.nlm.
nih.gov).

In this study, the complete linear mitochondrial genome
of E. japonica was assembled and annotated as the first mito-
genome of a member in the family Eirinidae. The mitoge-
nome for E. japonica (GenBank accession no. MW066348) was
15,315 bp long and had a GC content of 32.8% (A: 35.5%; T:
31.7%; G: 12.7%; C: 20.1%). The E. japonica mitochondrion
contained 13 PCGs, 22 tRNA genes (trnM and trnW), two
rRNA genes, and a partial copy of cox1 pseudogene (Figure
1((A)). The order of 13 PCGs was identical to the reported 34
mitochondrial genomes of hydrozoans, except for the posi-
tions of two tRNA genes. The trnM gene was located between
the cox3 and ND2, and the position of trnW gene was
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between cox2 and ATP8. Genomic positions of trnM and trnW
were analyzed between cox1 pseudogene-16S rRNA and 16S
rRNA-cox2 in the genus Hydra (Kayal and Lavrov 2008; Pan
et al. 2014).

A maximum-likelihood phylogenetic hypothesis was estab-
lished using sequence data from the concatenated set of 13
PCGs of E. japonica mitogenome with including 35 published
hydrozoan mitogenomes. JModelTest version 2.1.10 (Darriba
et al. 2012) was used to select the best substitution model
and a substitution model (HKYþGþ I) was applied to per-
form a maximum-likelihood (ML) method in the PhyML

version 2.4.5 (Guindon and Gascuel 2003) with 1000 boot-
strap replicates. Hydrozoa consists of two main clades,
Trachylina and Hydroidolina (Aplanulata, Capitata s.s., Filifera
I–IV, Leptothecata, Siphonophorae) that comprises almost all
hydrozoans except for Limnomedusae, which is part of
Trachylina (Kayal et al. 2015). Based on the monophyly of
Hydroidolina and Trachylina (Kayal et al. 2015), five members
of Trachylina were set as an outgroup. Phylogenetic analysis
using mitogenomic data resolved a close relationship of E.
japonica with the cluster of Leptothecata species
(Figure 1(B)).

Figure 1. (A) Schematic diagram for the linear genomic structure of E. japonica mitogenome. (B) Maximum-likelihood (ML) phylogeny of 36 hydrozoans including E.
japonica based on the concatenated nucleotide sequences of entire protein-coding genes (PCGs). Numbers at nodes represent ML bootstrap percentages (1000 rep-
licates). DDBJ/EMBL/Genbank accession numbers for published sequences are incorporated. The black arrow indicates the Eutima sp. analyzed in this study.
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