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ABSTRACT 
The complete mitochondrial genome of Synandwakia multitentaculata, a marine protected species 
endemic to the western coast of Korea, was sequenced and analyzed. The circular mitogenome is 
18,350 bp with AT-rich composition (G þ C content: 34.3%) and contains 17 genes: 13 protein-coding 
genes (PCGs), two ribosomal RNAs , and two tRNAs. All PCGs are encoded on the heavy strand and ini
tiate with ATG. The mitogenome shows characteristic Actiniaria split-gene architecture in COX1 and 
ND5, with ND1 and ND3 located within the ND5 intron. Phylogenetic analysis of 13 PCGs placed S. mul
titentaculata with Diadumene lineata within Metridioidea, providing the first mitochondrial genomic 
resource for Synandwakia and the family Andvakiidae.
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Introduction

Actiniaria, commonly referred to as sea anemones, comprises 
approximately 1,170 species worldwide, but only 2.1% have 
available mitogenome data (NCBI 2025; WoRMS Editorial 
Board 2025). The family Andvakiidae, classified within the 
suborder Enthemonae, includes species characterized by 
cylindrical bodies, wrinkled lips, and physa-based substrate 
attachment (Rodr�ıguez et al. 2025). The genus Synandwakia 
comprises two recognized species: S. hozawai from Mutsu 
Bay, Japan (Uchida 1932), and S. multitentaculata from the 
western coast of Korea (Song 2003).

Synandwakia multitentaculata Song, 2003 was described as 
a new species with specimens collected from Yeongjongdo, 
Incheon. After its initial report, the species remained unob
served until 2021 and was designated a marine protected 
species in 2016. Currently, it occurs at three sites in western 
Korea: Wangsan Beach and Eulwangri Beach on Yeongjongdo 
Island (Incheon), and Gosapo Beach in Byeonsan. However, 
the western coast of Korea faces significant threats from 
extensive reclamation projects and rising seawater tempera
tures, which have resulted in habitat loss and pose risks to 
intertidal species including reduced reproductive capacity 
and inhibited growth (Jeong et al. 2003; Seong 2010; Ross 
and Adam 2013; Choi 2014, 2023; Yao and Somero 2014; Kim 
and Chun 2021). These pressures underscore the urgent need 
for genetic resources to support effective conservation 
management.

No mitogenome data currently exist for Andvakiidae or 
Synandwakia. In this study, we present the complete mitoge
nome sequence of S. multitentaculata, providing essential 
information for the conservation management and phylogen
etic studies of this marine protected species.

Materials and methods

One specimen was obtained from Wangsan Beach’s intertidal 
zone in Incheon, Korea (37�2702100N, 126�2200100E; Figure 1). 
The specimen was deposited at the Cnidaria Bioresources 
Bank of Korea, Woosuk University (voucher: MBCL23CnAnI019 
(¼CBB23CnAnI025); contact: Sung-Jin Hwang (identifier), 
buteo2@woosuk.ac.kr). Species identification was confirmed 
by morphological examination following Song (2003).

Genomic DNA was isolated from tentacle and column tis
sues using the E.Z.N.A. Mollusc DNA Kit (Omega Bio-tek, 
Norcross, GA, USA). Mitochondrial DNA was enriched using 
Exonuclease-Resistant Random Primers (Thermo Fisher 
Scientific, Waltham, MA, USA), which are broadly applicable 
to marine invertebrates, instead of the human-specific pri
mers supplied with the REPLI-g Mitochondrial DNA Kit 
(Qiagen, Venlo, Netherlands) (Kim and Shin 2021; Lee et al. 
2025). Prior to sequencing, library preparation was performed 
by mechanically shearing genomic DNA, purifying the frag
ments, and constructing indexed libraries with an Illumina- 
compatible preparation kit. The enriched DNA was subse
quently sequenced on the Illumina NovaSeq 6000 platform at 
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the National Instrumentation Center for Environmental 
Management (Seoul, South Korea), generating 150 bp paired- 
end reads with approximately 56.81� coverage.

De novo assembly was performed using NOVOPlasty v3.3.4 
(Dierckxsens et al. 2017) with default parameters (default k- 
mer ¼ 38), using a previously obtained partial mtDNA COX1 
sequence of S. multitentaculata as the seed/reference. 
Mitochondrial genome annotation was subsequently carried 
out using the MITOS2 pipeline on the Galaxy web server. 
Geneious Prime (Biomatters Ltd, Auckland, New Zealand) was 
used specifically for visualization and final curation of the 
annotated mitogenome, including positioning COX1 at the 
first locus to generate the complete circular mitogenome 
map. Exon–intron arrangements of COX1 and ND5, both 
known to undergo cis-splicing—a characteristic feature distin
guishing Actiniaria from other cnidarians (Emblem et al. 
2014; Johansen and Emblem 2020)—were visualized using 
PMGmap software (Zhang et al. 2024) (Figures S2 and S3). 
Ribosomal RNA genes were verified through homology com
parisons with the closely related Diadumene lineata, and 
transfer RNA genes were manually inspected to confirm their 
predicted secondary structures. For phylogenetic analysis, 
mitogenome sequences from 23 Actiniaria species, including 
S. multitentaculata, and one Corallimorpharia outgroup 
(Corynactis californica) were used. Nucleotide sequences of 
the 13 PCGs, excluding termination codons, were concaten
ated and aligned using MAFFT v.7 (Katoh and Standley 2013). 
Maximum-likelihood phylogenetic reconstruction was con
ducted using raxmlGUI 2.0 (Edler et al. 2021) with the 
GTR þ G þ I substitution model. Branch support was eval
uated through 10,000 bootstrap replicates. The manuscript 
text was reviewed for English grammar and clarity using gen
erative AI (Claude, Anthropic). All scientific content and inter
pretations were prepared by the authors.

Results

The complete mitochondrial genome of Synandwakia multiten
taculata is 18,350 bp and contains 17 genes: 13 protein-coding 
genes (PCGs), two ribosomal RNA genes (rrnS, rrnL), and two 
transfer RNA genes (trnM, trnW) (Figure 2). The circular 

configuration of the mitogenome was verified by detecting 
overlapping terminal regions in the de novo assembly and by 
confirming uniform sequencing coverage (average 56.81�) 
across the entire genome (Figure S1). All PCGs are encoded on 
the heavy strand, initiating with ATG and terminating with TAA 
(11 genes: ATP6, ATP8, COX1, COX3, COB, ND1, ND3, ND4, ND4L, 
ND5, and ND6) or TAG (two genes: COX2 and ND2).

The mitogenome shows AT richness, with nucleotide com
position of A: 29.9%, C: 15.3%, G: 19.0%, and T: 35.9% (G þ C: 
34.3%). Analysis of different genomic regions revealed similar 
patterns: PCGs (11,712 bp in total) exhibit G þ C: 37.0%; riboso
mal RNA genes (3,073 bp in total) show G þ C: 41.2%; transfer 
RNA genes (144 bp in total) display G þ C: 47.9%.

The COX1 and ND5 genes exhibit a characteristic split- 
gene architecture with two exons separated by a single 
intron (Figures S2 and S3). The COX1 gene consists of exons 
of 915 bp and 699 bp, separated by an 834 bp intron, gener
ating a mature mRNA of 1,614 bp. The ND5 gene contains 
exons of 716 bp and 1,117 bp, separated by a 1,681 bp intron, 
producing a mature mRNA of 1,833 bp. Both genes undergo 
cis-splicing to generate functional proteins. The ND1 (984 bp) 
and ND3 (356 bp) genes are located within the ND5 intronic 
region, a characteristic organizational feature of Actiniaria 
mitogenomes.

Maximum-likelihood phylogenetic analysis revealed that 
Synandwakia multitentaculata forms a well-supported clade 
with Diadumene lineata (bootstrap support: 100%), clustering 
with Metridium senile within Metridioidea (Figure 3). The 
phylogenetic tree resolved three major superfamily-level 
clades: Metridioidea, Actinioidea, and Actinostoloidea. Within 
Actinioidea, multiple lineages formed distinct subclades with 
varying levels of support. The reconstruction further indicates 
that Actiniidae is paraphyletic, with member species distrib
uted across multiple clades. The base of the Actinioidea clade 
shows moderate bootstrap support (72%), suggesting some 
uncertainty in the evolutionary relationships.

Discussion and conclusions

This study reports the first complete mitogenome of 
Synandwakia multitentaculata, representing the first molecular 

Figure 1. Synandwakia multitentaculata. (A) Living individual in its natural habitat of Wangsan Beach, Republic of Korea. (B) Voucher specimen (MBCL23CnAnI019) 
used for mitogenome sequencing. Photographs were taken by Seung-Joon Lee.
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characterization of genus Synandwakia and providing essen
tial genetic resources for conservation. The mitogenome 
(18,350 bp) is comparable to other Actiniaria species (18– 
20 kb) (Li et al. 2023), and shows conserved gene content 
observed in sea anemone mitogenomes.

The mitogenome of S. multitentaculata exhibits distinctive 
Actiniaria structural features. Most notably, both COX1 and 
ND5 genes display split-gene architecture with two exons 
separated by a single intron undergoing cis-splicing (Emblem 
et al. 2014; Johansen and Emblem 2020). This unusual gene 
structure, distinguishing Actiniaria from other cnidarian 
orders, may have regulatory functions in mitochondrial gene 
expression (Johansen and Emblem 2020). The ND1 and ND3 
genes within the ND5 intronic region exemplify Actiniaria 
genomic organization. The AT-rich composition (G þ C con
tent: 34.3%) is consistent with cnidarian mitochondrial 
genomes, including Actiniaria (30–40%) and other anthozo
ans (33–39%) (Niu et al. 2018; Terraneo et al. 2022; Li et al. 
2023; Yang et al. 2023; Wei et al. 2024; Lee et al. 2025). 
Heavy strand encoding of all PCGs is a conserved Actiniaria 
organizational feature (Emblem et al. 2014; Johansen et al. 
2021).

Phylogenetic analysis places S. multitentaculata within 
Metridioidea, clustering with Diadumene lineata (bootstrap: 
100%) and Metridium senile. The close relationship between 
S. multitentaculata (Andvakiidae) and D. lineata 

(Diadumenidae) differs from previous placements of 
Andvakiidae closer to Hormathiidae (Rodr�ıguez et al. 2014). 
Broader taxonomic sampling across Metridioidea families is 
needed to accurately resolve interfamilial phylogenetic rela
tionships. Three superfamily clades (Metridioidea, Actinioidea, 
and Actinostoloidea) support previous evidence of polyphyl
etic Actiniaria families (Rodr�ıguez et al. 2014; Daly et al. 
2017). Limited mitogenome representation in Metridioidea 
restricts robust testing of family-level monophyly.

The complete mitogenome provides critical conservation 
tools for S. multitentaculata, including molecular markers for 
assessing genetic diversity across the three known popula
tions and eDNA-based monitoring protocols. Given the spe
cies’ restricted distribution and threats from coastal 
reclamation and climate change (Seong et al. 2010; Ross and 
Adam 2013; Choi 2014, 2023), these molecular resources are 
essential for effective conservation strategies.

Ethical approval

This study was conducted in compliance with all ethical and legal 
requirements of Republic of Korea. The collection of the marine pro
tected species, Synandwakia multitentaculata, was specifically authorized 
by the Ministry of Oceans and Fisheries under official permit (No. 2023- 
01) from the relevant authorities. The specimen was collected at 
Wangsan Beach, Incheon, in full compliance with conservation 
regulations.

Figure 2. Circular representation of the complete mitogenome for Synandwakia multitentaculata (18,350 bp; G þ C content: 34.3%). Gene annotations are color- 
coded according to functional groups: yellow (NADH dehydrogenase), pink (cytochrome c oxidase), green (cytochrome b), light green (ATP synthase), red (ribosomal 
RNA), and blue (transfer RNA).

MITOCHONDRIAL DNA PART B: RESOURCES 523



Fi
gu

re
 3

. 
M

ax
im

um
-li

ke
lih

oo
d 

tr
ee

 b
as

ed
 o

n 
co

nc
at

en
at

ed
 s

eq
ue

nc
es

 o
f 

13
 P

CG
s 

fr
om

 2
3 

Ac
tin

ia
ria

 s
pe

ci
es

. 
Co

ry
na

ct
is

 c
al

ifo
rn

ic
a 

(C
or

al
lim

or
ph

ar
ia

) 
w

as
 u

se
d 

as
 t

he
 o

ut
gr

ou
p.

 B
oo

ts
tr

ap
 v

al
ue

s 
(1

0,
00

0 
re

pl
ic

at
es

) 
ar

e 
di

sp
la

ye
d 

at
 n

od
es

. G
en

Ba
nk

 a
cc

es
si

on
 n

um
be

rs
 f

ol
lo

w
 c

or
re

sp
on

di
ng

 s
pe

ci
es

 n
am

es
 in

 t
he

 t
re

e.
 T

he
 t

ar
ge

t 
sp

ec
ie

s 
(S

yn
an

dw
ak

ia
 m

ul
tit

en
ta

cu
la

ta
) 

is
 in

di
ca

te
d 

in
 b

ol
d.

 F
am

ily
 a

nd
 s

up
er

fa
m

ily
 c

la
ss

ifi
ca

tio
ns

 a
re

 s
ho

w
n 

on
 

th
e 

rig
ht

. 
Th

e 
tr

ee
 t

op
ol

og
y 

re
ve

al
s 

th
re

e 
su

pe
rf

am
ily

-le
ve

l 
lin

ea
ge

s:
 M

et
rid

io
id

ea
, 

Ac
tin

io
id

ea
, 

an
d 

Ac
tin

os
to

lo
id

ea
. 

Th
e 

fo
llo

w
in

g 
se

qu
en

ce
s 

w
er

e 
us

ed
: 

An
em

on
ia

 m
an

ja
no

 N
C0

37
17

8 
(C

hi
 e

t 
al

. 
20

18
), 

H
et

er
ac

tis
 a

ur
or

a 
N

C0
47

21
9 

(u
np

ub
lis

he
d)

, P
ar

ac
on

dy
la

ct
is 

he
rt

w
ig

i P
Q

72
66

19
 (

Le
e 

et
 a

l. 
20

25
), 

An
em

on
ia

 v
iri

di
s 

N
C0

37
17

7 
(C

hi
 e

t 
al

. 2
01

8)
, A

nt
ho

pl
eu

ra
 a

nj
un

ae
 K

T9
89

51
1 

(Z
ha

ng
 a

nd
 Z

hu
 2

01
7)

, P
hy

m
an

th
us

 c
ru

ci
fe

r 
N

C0
27

61
4 

(F
oo

x 
et

 a
l. 

20
16

), 
Pa

ra
co

nd
yl

ac
tis

 s
in

en
sis

 O
P9

03
14

6 
(L

i 
et

 a
l. 

20
23

), 
Ac

tin
ia

 t
en

eb
ro

sa
 N

C0
44

90
2 

(S
ur

m
 e

t 
al

. 
20

19
), 

Ac
tin

ia
 e

qu
in

a 
N

C0
39

92
9 

(W
ild

in
g 

an
d 

W
ee

da
ll 

20
19

), 
En

ta
cm

ae
a 

qu
ad

ric
ol

or
 N

C0
49

06
6 

(u
np

ub
lis

he
d)

, 
Is

os
ic

yo
ni

s 
st

ria
ta

 K
R0

51
00

6 
(F

oo
x 

et
 a

l.
20

16
), 

Bo
lo

ce
ra

 t
ue

di
ae

 H
G

42
31

45
 (

un
pu

bl
is

he
d)

, 
Li

po
ne

m
a 

br
ev

ic
or

ne
 N

C0
47

22
1 

(u
np

ub
lis

he
d)

, 
St

ic
ho

da
ct

yl
a 

ha
dd

on
i 

M
W

76
08

73
 (

Jo
ha

ns
en

 e
t 

al
. 

20
21

), 
Ep

ia
ct

is 
ja

po
ni

ca
 N

C0
47

21
7 

(u
np

ub


lis
he

d)
, U

rt
ic

in
a 

eq
ue

s 
H

G
42

31
44

 (E
m

bl
em

 e
t 

al
. 2

01
4)

, A
lic

ia
 s

an
sib

ar
en

sis
 K

R0
51

00
1 

(F
oo

x 
et

 a
l. 

20
16

), 
Ex

ai
pt

as
ia

 d
ia

ph
an

a 
N

C0
56

77
1 

(E
m

bl
em

 e
t 

al
. 2

01
4)

, D
ia

du
m

en
e 

lin
ea

ta
 N

C0
45

51
5 

(u
np

ub
lis

he
d)

, S
yn

an
dw

ak
ia

 m
ul

tit
en


ta

cu
la

ta
 P

V7
80

76
0 

(t
hi

s 
st

ud
y)

, M
et

rid
iu

m
 s

en
ile

 H
G

42
31

43
 (E

m
bl

em
 e

t 
al

. 2
01

4)
, H

or
m

at
hi

a 
di

gi
ta

ta
 H

G
42

31
46

 (E
m

bl
em

 e
t 

al
. 2

01
4)

, H
al

ca
m

po
id

es
 p

ur
pu

re
us

 K
R0

51
00

3 
(F

oo
x 

et
 a

l. 
20

16
), 

an
d 

Co
ry

na
ct

is 
ca

lif
or

ni
ca

 N
C0

27
10

2 
(L

in
 e

t 
al

. 2
01

4)
.

524 S.-J. LEE ET AL.



Author contributions

CRediT: Seung-Joon Lee: Investigation, Software, Writing – original draft; 
Sang-Hwa Lee: Data curation, Software; In-Young Cho: Resources; 
Sung-Jin Hwang: Conceptualization, Project administration, Supervision, 
Writing – review & editing.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the Management of Marine and Fishery Bio- 
resources Center (2025) funded by the National Marine Biodiversity 
Institute of Korea (MABIK) and the Ministry of Oceans and Fisheries 
(2025E00300). This work was also supported by Woosuk University.

ORCID

Seung-Joon Lee http://orcid.org/0000-0003-4880-1547 
Sang-Hwa Lee http://orcid.org/0000-0002-1828-705X 
In-Young Cho http://orcid.org/0000-0002-0979-7971 
Sung-Jin Hwang http://orcid.org/0000-0002-1259-6775 

Data availability statement

The data that support the findings of this study are openly available in 
the GenBank of NCBI at https://www.ncbi.nlm.nih.gov under the acces
sion number PV780760. The associated BioProject, SRA and Bio-sample 
numbers are PRJNA1275495, SRR33945937, and SAMN49012214, 
respectively.

References

Chi SI, Urbarova I, Johansen SD. 2018. Expression of homing endonucle
ase gene and insertion-like element in sea anemone mitochondrial 
genomes: lesson learned from Anemonia viridis. Gene. 652:78–86. 
https://doi.org/10.1016/j.gene.2018.01.067

Choi YR. 2014. Modernization, development and underdevelopment: rec
lamation of Korean tidal flats, 1950s–2000s. Ocean Coast Manage. 102: 
426–436. https://doi.org/10.1016/j.ocecoaman.2014.09.023

Choi YR. 2023. The colonizers, the developmental state, and uneven 
geography of development: reclamation of South Korea’s tidal flats, 
1900s–1980s. J Hist Geogr. 82:23–37. https://doi.org/10.1016/j.jhg. 
2023.05.006

Daly M et al. 2017. Anthopleura and the phylogeny of Actinioidea 
(Cnidaria: Anthozoa: Actiniaria). Org Divers Evol. 17(3):545–564. 
https://doi.org/10.1007/s13127-017-0326-6

Dierckxsens N, Mardulyn P, Smits G. 2017. NOVOPlasty: de novo assembly 
of organelle genomes from whole genome data. Nucleic Acids Res. 
45(4):e18. https://doi.org/10.1093/nar/gkw955

Edler D, Klein J, Antonelli A, Silvestro D. 2021. raxmlGUI 2.0: a graphical 
interface and toolkit for phylogenetic analyses using RAxML. Methods 
Ecol Evol. 12(2):373–377. https://doi.org/10.1111/2041-210X.13512

Emblem A et al. 2014. Sea anemones possess dynamic mitogenome 
structures. Mol Phylogenet Evol. 75:184–193. https://doi.org/10.1016/j. 
ympev.2014.02.016

Foox J, Brugler M, Siddall ME, Rodr�ıguez E. 2016. Multiplexed pyrose
quencing of nine sea anemone (Cnidaria: Anthozoa: Hexacorallia: 
Actiniaria) mitochondrial genomes. Mitochondrial DNA A DNA Mapp 
Seq Anal. 27(4):2826–2832. https://doi.org/10.3109/19401736.2015. 
1053114

Jeong HD et al. 2003. Long term trend of change in water temperature 
and salinity in coastal waters around Korean peninsula. J Korean Soc 
Mar Environ Saf. 9(2):59–64.

Johansen SD, Chi SI, Dubin A, Jørgensen TE. 2021. The mitochondrial 
genome of the sea anemone Stichodactyla haddoni reveals catalytic 
introns, insertion-like element, and unexpected phylogeny. Life. 11(5): 
402. https://doi.org/10.3390/life11050402

Johansen SD, Emblem A. 2020. Mitochondrial group I introns in 
Hexacorals are regulatory genetic elements. In: Soto LA, editor. 
Advances in the studies of the benthic zone. IntechOpen. p 1–25.

Katoh K, Standley DM. 2013. MAFFT multiple sequence alignment soft
ware version 7: improvements in performance and usability. Mol Biol 
Evol. 30(4):772–780. https://doi.org/10.1093/molbev/mst010

Kim JS, Chun BC. 2021. Effect of seawater temperature increase on the 
occurrence of coastal Vibrio vulnificus cases: Korean National 
Surveillance Data from 2003 to 2016. Int J Environ Res Public Health. 
18(9):4439. https://doi.org/10.3390/ijerph18094439

Kim PH, Shin S. 2021. The complete mitochondrial genome of Anneissia 
pinguis (Crinoidea, Articulata, Comatulidae), from South Korea. 
Mitochondrial DNA B Resour. 6(8):2337–2338. https://doi.org/10.1080/ 
23802359.2021.1899069

Lee SJ, Lee SH, Yu HJ, Cho IY, Hwang SJ. 2025. The complete mitochon
drial genome of sand anemone, Paracondylactis hertwigi (Wassilieff, 
1908). Mitochondrial DNA B Resour. 10(8):714–718. https://doi.org/10. 
1080/23802359.2025.2528565

Li J et al. 2023. The complete mitochondrial genome of an economic sea 
anemone (Paracondylactis sinensis) in the East China Sea. 
Mitochondrial DNA B Resour. 8(9):977–980. https://doi.org/10.1080/ 
23802359.2023.2254464

Lin MF et al. 2014. Mitochondrial genome rearrangements in the 
Scleractinia/Corallimorpharia complex: implications for coral phyl
ogeny. Genome Biol Evol. 6(5):1086–1095. https://doi.org/10.1093/gbe/ 
evu084

[NCBI] National Center for Biotechnology Information. 2025. Nucleotide 
database [Internet]. National Library of Medicine (US); [accessed 2025 
Oct 08]. https://www.ncbi.nlm.nih.gov/nucleotide/

Niu W, Yu S, Tian P, Xiao J. 2018. Complete mitochondrial genome of 
Echinophyllia aspera (Scleractinia, Lobophylliidae): mitogenome charac
terization and phylogenetic positioning. Zookeys. 793(793):1–14. 
https://doi.org/10.3897/zookeys.793.28977

Rodr�ıguez E et al. 2014. Hidden among sea anemones: the first compre
hensive phylogenetic reconstruction of the Order Actiniaria (Cnidaria, 
Anthozoa, Hexacorallia) reveals a novel group of Hexacorals. PLOS 
One. 9(5):e96998. https://doi.org/10.1371/journal.pone.0096998

Rodr�ıguez E, Fautin D, Daly M. 2025. World list of Actiniaria. World 
Register of Marine Species; [accessed 2025 Oct 06]. https://www. 
marinespecies.org/aphia.php?p=taxdetails&id=1360

Ross PM, Adam P. 2013. Climate change and intertidal wetlands. Biology. 
2(1):445–480. https://doi.org/10.3390/biology2010445

Seong KT et al. 2010. Characteristic for long-term trends of temperature 
in the Korean waters. J Korean Soc Mar Environ Saf. 16(4):353–360.

Song JI. 2003. A new species of Synandwakia and two newly recorded 
species of Athenaria (Anthozoa: Actiniaria) from Korea. Anim Syst Evol 
Divers. 19(2):283–296.

Surm JM, Stewart ZK, Papanicolaou A, Pavasovic A, Prentis PJ. 2019. The 
draft genome of Actinia tenebrosa reveals insights into toxin evolution. 
Ecol Evol. 9(19):11314–11328. https://doi.org/10.1002/ece3.5633

Terraneo TI et al. 2022. The complete mitochondrial genome of 
Dendrophyllia minuscula (Cnidaria: Scleractinia) from the NEOM region 
of the Northern Red Sea. Mitochondrial DNA B Resour. 7(5):848–850. 
https://doi.org/10.1080/23802359.2022.2074803

Uchida T. 1932. Description of a New Actinian, Andwakia hozawai n. sp. 
Proc Imperial Acad. 8(8):394–396. https://doi.org/10.2183/pjab1912.8. 
394

Wei ZF et al. 2024. Molecular phylogenetic relationships based on mito
chondrial genomes of novel deep-sea corals (Octocorallia: 
Alcyonacea): insights into slow evolution and adaptation to extreme 
deep-sea environments. Zool Res. 45(1):215–225. https://doi.org/10. 
24272/j.issn.2095-8137.2023.039

Wilding CS, Weedall GD. 2019. Morphotypes of the common beadlet 
anemone Actinia equina (L.) are genetically distinct. J Exp Mar Biol 
Ecol. 510:81–85. https://doi.org/10.1016/j.jembe.2018.10.001

MITOCHONDRIAL DNA PART B: RESOURCES 525

https://www.ncbi.nlm.nih.gov
https://doi.org/10.1016/j.gene.2018.01.067
https://doi.org/10.1016/j.ocecoaman.2014.09.023
https://doi.org/10.1016/j.jhg.2023.05.006
https://doi.org/10.1016/j.jhg.2023.05.006
https://doi.org/10.1007/s13127-017-0326-6
https://doi.org/10.1093/nar/gkw955
https://doi.org/10.1111/2041-210X.13512
https://doi.org/10.1016/j.ympev.2014.02.016
https://doi.org/10.1016/j.ympev.2014.02.016
https://doi.org/10.3109/19401736.2015.1053114
https://doi.org/10.3109/19401736.2015.1053114
https://doi.org/10.3390/life11050402
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.3390/ijerph18094439
https://doi.org/10.1080/23802359.2021.1899069
https://doi.org/10.1080/23802359.2021.1899069
https://doi.org/10.1080/23802359.2025.2528565
https://doi.org/10.1080/23802359.2025.2528565
https://doi.org/10.1080/23802359.2023.2254464
https://doi.org/10.1080/23802359.2023.2254464
https://doi.org/10.1093/gbe/evu084
https://doi.org/10.1093/gbe/evu084
https://www.ncbi.nlm.nih.gov/nucleotide/
https://doi.org/10.3897/zookeys.793.28977
https://doi.org/10.1371/journal.pone.0096998
https://www.marinespecies.org/aphia.php?p=taxdetails&id=1360
https://www.marinespecies.org/aphia.php?p=taxdetails&id=1360
https://doi.org/10.3390/biology2010445
https://doi.org/10.1002/ece3.5633
https://doi.org/10.1080/23802359.2022.2074803
https://doi.org/10.2183/pjab1912.8.394
https://doi.org/10.2183/pjab1912.8.394
https://doi.org/10.24272/j.issn.2095-8137.2023.039
https://doi.org/10.24272/j.issn.2095-8137.2023.039
https://doi.org/10.1016/j.jembe.2018.10.001


WoRMS Editorial Board. 2025. World Register of Marine Species [Internet]. 
VLIZ; [accessed 2025 Oct 08]. https://www.marinespecies.org

Yang C, Shikhsarmast FM, Fu C, Shen CY. 2023. The complete mitochon
drial genome of Indo-Pacific soft coral Sinularia acuta Manuputty and 
van Ofwegen, 2007 (Octocorallia: Alcyonacea). Mitochondrial DNA B 
Resour. 8(3):371–374. https://doi.org/10.1080/23802359.2023.2184658

Yao CL, Somero GN. 2014. The impact of ocean warming on marine 
organisms. Chin Sci Bull. 59(5-6):468–479. https://doi.org/10.1007/ 
s11434-014-0113-0

Zhang L, Zhu Q. 2017. Complete mitochondrial genome of the sea 
anemone, Anthopleura midori (Actiniaria: Actiniidae). Mitochondrial 
DNA A DNA Mapp Seq Anal. 28(3):335–336. https://doi.org/10.3109/ 
19401736.2015.1122770

Zhang X et al. 2024. Plant mitochondrial genome map (PMGmap): 
a software tool for the comprehensive visualization of coding, 
noncoding and genome features of plant mitochondrial 
genomes. Mol Ecol Resour. 24(5):e13952. https://doi.org/10.1111/ 
1755-0998.13952

526 S.-J. LEE ET AL.

https://www.marinespecies.org
https://doi.org/10.1080/23802359.2023.2184658
https://doi.org/10.1007/s11434-014-0113-0
https://doi.org/10.1007/s11434-014-0113-0
https://doi.org/10.3109/19401736.2015.1122770
https://doi.org/10.3109/19401736.2015.1122770
https://doi.org/10.1111/1755-0998.13952
https://doi.org/10.1111/1755-0998.13952

	The first complete mitochondrial genome of Synandwakia multitentaculata (Actiniaria, Andvakiidae)
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion and conclusions
	Ethical approval
	Author contributions
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


