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ABSTRACT

ARTICLE HISTORY

Paracondylactis sinensis Carlgren, 1934 (Actiniidae, Actiniaria) is an edible sea anemone in China. Their
wild population has intensively decreased in recent years due to overharvesting. In this study, the com-
plete mitochondrial genome of this economic species collected in the coast of Zhejiang, China is
sequenced and obtained using high throughput methods. The total length of this circular molecule is
20,786 bp. Thirteen protein coding genes, two ribosomal RNA genes, two transfer RNA (tRNA™P,
tRNAM®Y) genes and a putative ORF are annotated in it. Phylogenetic analysis based on the amino acids
of mitochondrial genomes indicates that this species belongs to the family of Actiniidae. This result is
consistent with the previous work that identified the edible sea anemone as Paracondylactis sinensis
although it has always been recognized as Calliactis sinensis (of family Hormathiidae) in most Chinese
reports. Overall, the mitochondrial genome produced in this study assists in clarifying the phylogenetic
status of this sea anemone and provides a molecular foundation for future protection and breeding
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work.

1. Introduction

Paracondylactis sinensis Carlgren, 1934 (Actiniidae, Actiniaria)
is a sea anemone distributed in the Indo-West Pacific Ocean
(Figure 1). In the coastal cities of southern China, particularly
in Taizhou and Wenzhou cities of Zhejiang Province, P. sinen-
sis has gained popularity as a delectable delicacy among the
local residents. Unfortunately, the wild populations of
P. sinensis have suffered significant declines due to overfishing
and other human activities in recent years. As a result, the
market price of P. sinensis has soared to 25 USD per kilogram
(i.e. 170 CNY), making it an expensive cost for the locals to
savor the dishes made of P. sinensis. Another factor to deteri-
orate the phenomenon is that the species identity of P. sinen-
sis has always been mistaken for Calliactis sinensis (Verrill
1869) in many Chinese studies (Wu et al. 2011a-d), leading to
the protection and maintaining of their wild population more
difficult in China. Although taxonomists have revised the iden-
tity of this species (Pei 1998; Li 2013; Li and Xu 2020), the
molecular information of P. sinensis is still lacked. In this study,
specimens of P. sinensis were collected from the coasts of
Taizhou and Wenzhou and the complete mitochondrial gen-
ome of P. sinensis was sequenced. Phylogenetic analysis based
on mitochondrial genomes was performed to study the
relationship between P. sinensis and other sea anemones.

The result of this study will lay foundations for future studies
on the population genetics, biogeography and genetic
resource conservation of this edible sea anemone.

2. Materials and methods

Four individuals of P. sinensis were bought from seafood mar-
kets, two of which were sampled at the coast of Taizhou
(121°39.5'E, 28°20.1'N) and the other two were collected at
Nanji Islands of Wenzhou (121°04.2'E, 27°27.9'N). After pre-
served in pure alcohol for morphological observation and
DNA extraction, all the samples were deposited in specimen
room in the laboratory of marine organism taxonomy and
phylogeny of the Institute of Oceanology, Chinese Academy
of Sciences (http://www.qdio.ac.cn/motp/; Yang Li, liyang@
qdio.ac.cn), under accession no. ss-Taizhou-1,ss-Taizhou-2,
ss-Nanji-1, and ss-Nanji-2.

DNA was extracted from the body wall of the sample
labeled as ss-Taizhou-1 using an E.ZN.A® Tissue DNA Kit
(OMEGA, Wuhan, China) according to the manufacturer’s
instructions. The procedures of high-throughput sequencing,
sequence assembly, and gene annotation followed our previ-
ous works (Li et al. 2019a, 2019b). Briefly, a paired-end library
with an insert size of 300bp was prepared with total
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genomic DNA using the TruSeq DNA Sample Prep Kit
(Ilumina, USA). The above library was sequenced by an
lllumina HiSeq Xten system (2 x 150bp paired-end reads)
(Ilumina, USA) at Novogene Bioinformatics Technology Co.,
Ltd. (Tianlin, China). Adapters and parts with a quality score
below 15 were removed from raw reads by Trimmomatic
0.36 (Bolger et al. 2014). The clean reads were assembled
using SPAdes 3.15.4 assembler (Bankevich et al. 2012) with
default parameters. The mitochondrial genome was prelimin-
arily annotated by the MITOS webserver (Bernt et al. 2013)
and manually corrected. The read coverage depth of the pro-
duced mitochondrial genome was calculated with the Draw_
SequencingDepth.py script provided by Ni et al. (2023).

The amino acids of thirteen protein coding genes (PCGs) of P.
sinensis and other 27 sea anemones (Huang 2009; Emblem et al.
2014; Foox et al. 2016; Stewart et al. 2017; Zhang and Zhu 2017;
Chi et al. 2018; Surm et al. 2019; Wilding and Weedall 2019;
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Figure 1. External morphology of Paracondylactis sinensis, showing its smooth
column and oral disk with about 96 tentacles (specimen no. ss-Taizhou-1). The
specimen was photographed by Yang Li.
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Cong et al. 2020; Feng et al. 2021; Johansen et al. 2021) were
concatenated for phylogenetic analysis. Among the 27 sea ane-
mones, the PCGs of Calliactis polypus was obtained from its tran-
scriptomic data (Stewart et al. 2017) and the PCGs of the other
26 sea anemones were extracted from their mitochondrial
genomes. The phylogenetic tree was constructed using the
PhyloSuite1.2.2 pipeline (Zhang et al. 2020). The maximume-likeli-
hood phylogeny was inferred using IQ-TREE 1.6.8. with 20,000
ultrafast bootstraps (Nguyen et al. 2015). FLU + F + 1 + G4 model
was selected as recommended by the built-in ModelFinder mod-
ule in 1Q-tree (Chernomor et al. 2016).

3. Results and discussion

The assembled mitochondrial genome of P. sinensis is a circu-
lar molecule consisting of 20,786bp (NCBI accession no.
OP903146) with average sequencing depth of 140.71 x
(Supporting Information Figure S1). Thirteen metazoan
canonical PCGs engaged in energy production, a putative
ORF, two ribosomal RNA genes and two transfer RNA genes
(tRNA-Trp and tRNA-Met) are included in the mitochondrial
genome . Introns can be found within the genes of cox1 and
nad5 (Figure 2). The components, structures, and arrange-
ments of these genes are consistent with other mitochondrial
genomes within the subclass Hexacorallia (Li et al. 2019).

The species name “Cereus sinensis” was frequently used for
the edible sea anemone under study in many Chinese reports
(Wu et al. 2011a-d). However, the identity of this species has
been diagnosed as Paracondylactis sinensis of the family
Actiniidae by Chinese taxonomists based on morphological
characters (Pei 1998; Li 2013; Li and Xu 2020). A caution
should be noted is that the name “Cereus sinensis” has been
obsoleted in 2015 and it has been revised as Calliactis sinen-
sis of the family Hormathiidae (Daly et al. 2022). Even so, the
120 tentacles in Calliactis sinensis apparently distinguished it
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Figure 2. A circular genomic map of the mitochondrial genome of Paracondylactis sinensis, with 13 protein coding genes, one ORF, 2 tRNAs, and 2 rRNAs.
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Figure 3. The maximum likelihood tree of Paracondylactis sinensis and other related sea anemones built from the concatenated amino acids of 13 protein coding
genes. FLU 4+ F + 1+ G4 model is used. Numbers near the nodes indicates SH-aLRT and ultrafast bootstrap support values from 20,000 replicates. The species
P. sinensis whose sequence was produced in this study is in bold. The families each species belongs to are shown near the species name. The families that need fur-

ther revision are marked with the symbols of hash.

from P. sinensis in the present study that has only 96 ten-
tacles (Carlgren 1934). Moreover, the phylogenetic tree con-
structed in this study further confirmed that P. sinensis was in
family Actiniidae, whereas the genus Calliactis (represented
by C. polypus in the tree) was in family Hormathiidae that
was distantly related to P. sinensis. The separation of the two
species was supported by high bootstrap values (Figure 3).
The phylogenetic tree constructed in this study also
showed that the members of families Stichodactylidae,
Liponematidae, and Phymanthidae are distributed within the
family Actiniidae (Figure 3). This phenomenon indicates that
the currently taxonomic relationships of Actiniidae and other
related families are entangled. A further revision is called for
in future studies to disentangle their confusing relationships.
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