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ABSTRACT

This study determined the complete mitochondrial genome of the jellyfish Pelagia noctiluca
(Scyphozoa, Semaeostomeae) for the first time. The genome was a linear molecule of 16,390bp in
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length and 59.3% AT. It comprised of 13 typical protein-coding genes (cox1-3, nd1-6, nd4L, atp6, atp8,

and cytB), two ribosomal RNAs (16S and 12S rRNA), and two tRNAs (trnM and trnW). In addition, we
detected two additional open reading frames (po/B and ORF374) at one end of the genome. The gene-
coding structures were identical to those of other scyphozoans. Based on a molecular phylogeny con-
structed using 13 protein-coding genes, P. noctiluca has the closest genetic relationship with the genus

Chrysaora (Semaeostomeae).

Introduction

The jellyfish Pelagia noctiluca Forskdl, 1775 (Cnidaria,
Scyphozoa) is usually pink or mauve in color and has a phos-
phorescent bell, tentacles, and oral arms (Figure 1). It is glo-
bally distributed in warm and temperate waters (Kramp 1961;
Russell 1970), and blooms of the organism have been con-
stantly recorded (Canepa et al. 2014; Ramesh et al. 2022). It
has negative impact on fisheries, mariculture, and tourism
(Purcell et al. 1999, 2007). In addition, the jellyfish can sting
swimmers, causing local symptoms such as pain, erythema,
edema, and/or vesicles (Cegolon et al. 2013). Their sting inci-
dents and blooms are reported as some of the most serious
in the Mediterranean Sea (Brotz and Pauly 2012; Canepa
et al. 2014).

Pelagia noctiluca belongs to the family Pelagiidae, and it is
the only described species within the genus Pelagia.
Phylogenetic relationships of the Pelagia and relatives have
been inferred using mitochondrial (mt) genes, including cyto-
chrome ¢ oxidase subunit | (cox7) and 16S ribosomal DNA
(Bayha et al. 2017). In recent years, whole mt genomes of
Pelagiidae jellyfishes have been used for constructing deeper
phylogenetic relationships (Curole and Kocher 1999; Feng
et al. 2023). Previously, Kayal et al. determined a partial mt
genome of P. noctiluca (15,876 bp; GenBank accession number:
JN700949) and used it to study evolution in medusozoan cni-
darians (Kayal et al. 2012). However, the genome was a partial
sequence, and thus it has not been completely elucidated,
especially at both ends due to the linear structure of the
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genome. In the present study, we determined the complete
mt genome sequence of Korean P. noctiluca and characterized
the protein-coding genes (PCGs), particularly considering two
extra open reading frames (polB and ORF314) and the com-
plete cytB.

Materials and methods

Specimens of Pelagia noctiluca were collected from the south-
ern sea (34°21'11.7" N, 127°31°00.8" E) in South Korea on May
26, 2021. The collected samples were fixed with 100% ethanol.
The sample and gDNA were stored in the specimen room of
the Department of Biotechnology, Sangmyung University,
Korea (Dr. Han-Sol Kim, 201934001@sangmyung.kr) under the
voucher number FM113.

Genomic DNA was extracted with the cetyl trimethylam-
monium bromide (CTAB) method (Richards et al. 2003). Based
on the available partial mt genome sequence and structure
of P. noctiluca (JN700949), we designed two primers that tar-
geted the terminus genes polB and cytB and two primers
that targeted nd2 (Table 1). Two primer pairs (JF-F1 x JF-R1
and JF-F2 x JF-R2) were used to amplify the nearly complete
mt genome with a long and accurate polymerase chain reac-
tion (LA PCR). The PCR products were confirmed with electro-
phoresis on a 1.5% agarose gel (Figure S1). The sequences
were obtained with PCR primers and primer walking (Table
S1) through Sanger sequencing via the ABI3730 DNA sequen-
cer (Applied Biosystems, Foster City, CA). In addition, the
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terminus of the genome was determined with the single-
primed PCR method (Loh 1991) using terminal deoxynucleo-
tidyl transferase (Takara Shuzo Co., Kyoto, Japan), cloned
using TOPcloner TA kit (Enzynomics Inc., Daejeon, Korea), and
subjected to sequencing (Table 1). All the sequences of the
mt genome were assembled using Sequencher 5.1 (Gene
Codes Corporation, Ann Arbor, MI) with the following assem-
bly parameters: Minimum Match Percentage: 90%, and
Minimum Overlap: 16 (Figure S2). The full-length sequence of
the mt genome was annotated using MITOS (Bernt et al.
2013) and Geneious 9.1.3 (Geneious, Auckland, New Zealand).

We generated a molecular phylogenetic tree for the class
Scyphozoa using 12 complete mt genomes, including the
outgroup hydrozoan Craspedacusta sowerbii. It was con-
structed by using the concatenated amino acid sequences of
13 PCGs of the mt genome. The phylogenetic analysis was
conducted with the maximum-likelihood (ML) method with

Figure 1. Image of an adult Pelagia noctiluca. It shows mauve in color and has
a phosphorescent bell with lappets and tentacles at the edge and oral arms.
The photograph was taken in 2008, by Hans Hillewaert (adopted from
wikipedia).

1,000 bootstrap replicates based on LG+ G+I1+F model
using MEGA7 (Kumar et al. 2016).

Results

The total length of the mt genome of Korean Pelagia nocti-
luca (GenBank accession number: 0Q446325) was determined
to be 16,390 bp (26.5% A, 32.7% T, 19.9% C, and 20.7% G). A
linearly formed genome consisted of 13 typical PCGs (cox1-3,
nd1-6, nd4L, atp6, atp8, and cytB), two ribosomal RNAs (16S
and 12S rRNA, rnl and rns), two transfer RNAs (tRNA) (trnM
and trnW), and two extra open reading frames (ORFs), polB
and ORF314 (Figure 2). The gene order of the mt genome in
P. noctiluca was identical to that of other scyphozoans. There
were two start codons ATG and GTG (cox3 and ndT7) and two
stop codons TAG (polB, ORF314, cox1, atp6, and nd4L) and
TAA in the genome. In addition, five overlapping regions
between atp8 and atp6 (1 bp), atp6 and cox3 (1 bp), nd5 and
12S rRNA (2bp), nd6 and nd3 (11bp), and nd3 and nd4L
(10 bp) were detected.

The phylogenetic tree indicates two major clades within
scyphozoans (Figure 3). One clade consisted of six genera
(Cassiopea, Acromitus, Catostylus, Nemopilema, Rhopilema, and
Aurelia), and the other clustered with two Pelagiidae mem-
bers, Chrysaora and Pelagia.

Discussion and conclusion

The mt genomes of medusozoan cnidarians (e.g. cubozoans,
staurozoans, and hydrozoans) have class-specific elements
such as linear structure and two additional ORFs (Bridge
et al. 1992, 1995; Kayal et al. 2012). The two ORFs polB and
ORF314 were predicted to have respective functions as B-
type DNA polymerase and terminal protein, possibly attribut-
ing to protecting each terminus in the jellyfish’s mt genome
(Kayal et al. 2012). Because of the linear structure of the

Table 1. Primer sets for PCR; each set was for the middle and ends of the genome.

PCR Primer* Sequence (5'—3) Length (bp) Position (bp) Product length (bp)
Long JF-F1 TGGGAATGATGGTTTGAC 18 492-509 8,175
and JF-R1 CGTTTGAGTGTCAGGGAT 18 8,649-8,666
accurate JF-F2 CAGACAATCAGTCCTTGG 18 8,066-8,083 8,112
JF-R2 GAAGACCCAATAGCACAG 18 16,160-16,177
Single-primed Pn-Fa CGACGGGTCTTCTAATCCTG 20 15,799-15,818 -
Pn-Fb GCACCGAATATACTAGGGGAC 21 15,929-15,949 -
Pn-Fc ACAGGCTAATCCCCTAGTCAC 21 15,964-15,984 -
Pn-Ra GCGATAGCCTACTACCAAGC 20 1,728-1,747 -
Pn-Rb TAGACTTGAAGCCGGCG 17 1,140-1,156 -
Pn-Rc TCCGTCAAACCATCATTCCC 20 493-512 -
*F: forward; R: reverse.
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Figure 2. Gene map of the mitochondrial genome of the species. It forms a linear structure and is composed of 15 protein-coding genes, 2 tRNAs (M and W), and 2
rRNAs. Upper numbers indicate intergenic spacers, and lower numbers and graduations indicate the length. Lower arrows provide the orientation of the strands

(yellow: reverse, gray: forward).
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Figure 3. A maximum-likelihood (ML) tree of the class Scyphozoa was constructed using the 13 concatenated mitochondrial protein-coding genes from the com-
plete mt genomes and LG + G+ |+ F model. We used the following sequences: Craspedacusta sowerbii MZ508273 (unpublished), Cassiopea xamachana JN700936
(unpublished), Acromitus flagellatus OM457248 (Lin et al. 2022), Catostylus townsendi OK299144 (unpublished), Rhopilema esculentum KY454768 (Wang and Sun
2017b), Nemopilema nomurai KY454767 (Wang and Sun 2017a), Aurelia aurita DQ787873 (Shao et al. 2006), A. coerulea MT023105 (Seo et al. 2020), A. limbate
MK527107 (Karagozlu et al. 2019), Chrysaora quinquecirrha HQ694730 (Park et al. 2012), and C. pacifica MN448506 (Wang and Yin 2020). Pelagia noctiluca in the pre-

sent study is marked with a black dot.

genome and the terminal location of the extra genes, they
have not been thoroughly investigated in P. noctiluca. This is
the first study to determine the full-length sequences of the
polB (993 bp, 56.8% AT) and cytB (1,137 bp, 59.9% AT) genes
in P. noctiluca. In addition, compared to the previous study,
we newly determined the stop codons of ORF314, nd5, and
cytB (TAA) and polB (TAG) and the overlapping region
between nd5 and 12S rRNA (2bp). All genes were investi-
gated completely in the P. noctiluca mt genome. However,
we did not find telomere regions or something similar at the
ends of the mt genome, of which patterns were detected in
some linear genomes of jellyfishes (Smith et al. 2012).

In conclusion, the linear mt genome sequence of Korean
P. noctiluca was determined, and the gene sequence was
characterized for the first time. The structure and gene order
of the genome were common with other scyphozoans (Kayal
et al. 2012). In the ML phylogenetic analysis, P. noctiluca
showed the closest relationship with Chrysaora, consistent
with a previous study (Kayal et al. 2015). The present result
will provide important information for phylogeographic and
genetic studies of Pelagiidae.
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