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ABSTRACT 
The species Monoserius pennarius (Linnaeus, 1758), is particularly abundant in the tropical Indo-West 
Pacific east of Sri Lanka, yet very limited genetic information exists for this species. Here, we report the 
assembled-linear mitochondrial genome of M. pennarius collected from the East China Sea. The 15,197 bp 
mitogenome contains 13 protein-coding genes (PCGs), two tRNA genes, and two rRNA genes. Notably, 
the gene order in this mitogenome differs from that of other hydrozoans within the same taxonomic 
order. Phylogenetic analysis, based on 13 concatenated mitochondrial PCGs, recovered M. pennarius as a 
sister of Nemalecium lighti (Hargitt, 1924), outside the other Leptothecata hydrozoans, suggesting para
phyly of Leptothecata. The mitogenome of M. pennarius, serving as the first publicly available for the fam
ily Aglaopheniidae, holds foreseeable value for investigating Leptothecata evolution.
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1. Introduction

Within the class Hydrozoa, sister group relationships remain 
highly contentious, especially at the order level (Kayal et al. 
2015). Therefore, additional molecular studies are imperative 
to elucidate the evolutionary relationships among hydrozoan 
taxa. The species Monoserius pennarius (Hydrozoa: 
Leptothecata: Aglaopheniidae), a macrobenthic hydroid, is 
widely distributed in the tropical Indo-West Pacific east of Sri 
Lanka (Tang 1991). Its elongated body and dense growth on 
the seafloor create a unique ecological habitat known as the 
‘seafloor prairie’ (Zhao 1998). This environment attracts vari
ous epizoans and climbing animals, forming a vertically lay
ered assemblage (Tang 1991). M. pennarius, as a keystone 
species, contributes to the stability of this assemblage. 
However, the genetic information for M. pennarius or its close 
relatives is rather lacking in public databases. Specifically, 
only 10 mitogenomes are available for the order 
Leptothecata and none for the family Aglaopheniidae in the 
GeneBank database. In this study, we report the mitochon
drial genome of M. pennarius, which will enhance our know
ledge of this species and provide molecular data for further 
taxonomic and phylogenetic studies of hydrozoans.

2. Materials and methods

A specimen of M. pennarius (Figure 1) was collected by bot
tom trawl from the East China Sea (124.50�E, 29.75�N) in 

October 2018 aboard the cruise ‘Xiangyanghong 18’, and was 
identified by morphological features. The sample (Accession 
No.: FIO-201810-PN5; Contact person: Qinzeng Xu, xuqin
zeng@fio.org.cn) was preserved in 95% ethanol and stored at 
−20 �C in First Institute of Oceanography, Ministry of Natural 
Resources.

Total DNA was extracted using a DNeasy Blood & Tissue 
DNA kit (QIAGEN, Germany). The DNA library was then con
structed and sequenced on the Illumina HiSeq 2500 Platform 
(Illumina, Hayward, CA). Adapter sequences and low-quality 
reads were trimmed from the raw data using Trimmomatic 
v0.38 (Bolger et al. 2014). The mitochondrial genome was 
assembled by combining the Getorganelle v1.7.5 (Jin et al. 
2020) and Mitofinder v1.4.1 (Allio et al. 2020) and was anno
tated using the MITOS2 (Bernt et al. 2013). Annotated results 
were manually verified and corrected using MEGA7 (Kumar 
et al. 2016) and tRNAscan-SE (Chan et al. 2021). Finally, the 
mitochondrial genome of M. pennarius was submitted to 
GenBank. The samtools v1.7 (Li et al. 2009) was used to cal
culate the depth per base and the OGDRAW (Greiner et al. 
2019) was used to make a mitogenome map. Telomeric struc
tures and inverted repeat sequences (IRSs) were identified 
utilizing TelFinder (Sun et al. 2023) and Inverted Repeats 
Finder (https://tandem.bu.edu/irf/home) software tools, 
respectively.

Nineteen mitogenomes of Cnidaria species were down
loaded from NCBI Genbank, namely 17 Hydrozoa species and 
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2 Scyphozoa species as outgroups. The phylogenetic analysis 
and gene order analysis were conducted using PhyloSuite 
v1.2.3 (Zhang et al. 2020). The 13 protein-coding genes 
(PCGs) sequences were aligned with MAFFT v7.505 (Katoh 
and Standley 2013) and then trimmed using Gblocks prior to 
concatenation. ModelFinder v2.2.0 (Kalyaanamoorthy et al. 
2017) was used to pick the optimal nucleotide partitions and 
substitution model. Finally, the maximum likelihood (ML) 
phylogenetic tree was constructed using IQ-TREE v2.2.0 
(Trifinopoulos et al. 2016) under the Edge-linked partition 
model with 5000 ultrafast bootstrap replicates. The references 
for mitogenomes used in the phylogenetic tree are provided 
in Supplementary Table S1.

3. Results and discussion

3.1. Mitogenome organization

The coverage-depth map (Supplementary Figure S1) showed 
that the average depth per base is 2,167�. The mitochondrial 
genome of M. pennarius (GenBank accession no.: OR501924) 
encodes 13 PCGs, two tRNA genes (tRNATrp and tRNAMet), 
and two rRNA genes (Figure 2), which is consistent with the 
feature of ‘the loss of all but one or two tRNA genes’ in 
medusozoans mitogenome (Kayal et al. 2012). All gene was 
encoded compactly on the heavy strand but the rrnL. This 
mitogenome is 15,197 bp in length, with a base composition 
of 31.5% A, 42.6% T, 11.9% C, and 14.1% G. ATG is the main 

Figure 1. The specimen of Monoserius pennarius from East China Sea (124.50�E, 29.75�N), photographed by Wenge Shi. (a) Gonotheca; (b) detail of hydrothecal rim 
showing cusps; (c) hydrocaulus; (d) hydrotheca.

Figure 2. Gene map of the mitochondrial genome of Monoserius pennarius. Genes encoded on the heavy and the light strands were shown above and below the 
chain, respectively.
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start codon except for cox3 (ATT), nad3/nad4 (TTG), and atp6 
(ATC). TAA is the stop codon for all PCGs but cox1, cox3, and 
nad3 (TAG). Based on the high sequencing depth (2,167�) 
and multiple assembly strategies (includes the use of various 
assembly software, sequence extension with samtools, and 
gap filled with cap3), the mitogenome could not be circular
ized, indicating that it may also be linearly structured as 
reported in most hydrozoan species (Kayal et al. 2012, 
Macher et al. 2021, Seo et al. 2021a, Seo et al. 2021b). Five 
repeat sequences were identified at termini, including 
[TTTTA]15, [TTTATA]8, and [GAATCA]2 (Supplementary Table 
S2), which might serve as telomeric motifs that facilitate rep
lication and maintenance of the termini linear mtDNA. 
Notably, the mitochondrial genes of M. pennarius exhibited a 
unique arrangement different from other three gene orders 
within Leptothecata (Supplementary Figure S2). Moreover, 
several rearranged genes – ATP8, cox2, nad2, and rrnS have 
altered lengths compared with homologues of other 
Leptothecata species, and IRS were identified around/in these 
genes, likely representing vestiges of rearrangement 
(Supplementary Table S3).

3.2. Phylogenetic analysis

The order Leptothecata has always been considered mono
phyletic (Collins et al. 2008, Maronna et al. 2016). However, 
our phylogenetic analysis (Figure 3) recovered M. pennarius 
as a sister of Nemalecium lighti (Hargitt, 1924), outside of 
other Leptothecata hydrozoans, suggesting paraphyly of 
Leptothecata, as proposed by Macher et al. (2021). This result 
indicates that the phylogenetic position of M. pennarius and 

N. lighti may need to be reconsidered and underscores the 
necessity for comprehensive phylogenetic investigations of 
Leptothecata hydrozoans. The mitochondrial genome of M. 
pennarius in our study, serving as the first publicly available 
for the family Aglaopheniidae, provides a valuable resource 
for investigating Leptothecata evolution.
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