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Diadumene lineata (Actiniaria: Diadumenidae): the first complete sequence in
the family Diadumenidae
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ABSTRACT
The complete mitogenome of the orange-striped green sea anemone (Diadumene lineata) has been
sequenced and annotated for the first time. The total length of the mitogenome is 17,552bp with an
AþT content of 62.6%. Unlike typical metazoan mitogenome, this mitogenome include 14 protein-cod-
ing genes (13 energy pathway protein coding genes, and a heg gene), two tRNAs, two rRNAs, and 19
intergenic regions. The COX1 gene possesses a homing endonuclease gene. This circular genome con-
tains two introns, one in ND5 and another in COX1.This sequence is the first sequenced complete
mitogenome in Diadumenidae and provides fundamental data for exploring complicated evolutionary
relationships in Actiniaria.
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The Diadumene lineata belongs to Diadumenidae (Actiniaria),
historically known as Sagartia lineata, Sagartia luciae,
Haliplanella luciae, Haliplanella lineata, or Diadumene luciae
(Hancock et al. 2017). It is morphologically distinctive from
other anemones with distinct vertical stripes (Ruppert and
Fox 1988). Diadumenidae is a monogeneric family comprising
approximately 10 described species (Fautin 2013). The
complete mitogenome of species in Diadumenidae has not
been sequenced yet. Here, we first report the mitogenome
of Diadumene lineata collected from the coastal rock of
Jing Shui bay, Weihai, Shandong Province, P.R. China
(E122�7017.0400, N37�32058.5600).The specimen and its DNA
were stored in the Laboratory of Molecular Biology, Marine
College, Shandong University (KC-ZTJHK-006). The complete
mitogenome of the specimen was determined using Sanger
sequencing. The mitogenome has been deposited in the
NCBI GenBank under the accession number MH699974.

The total length of D. lineata mitogenome is 17,552 bp,
bigger than Nematostella sp. (16,389), but smaller than most
actiniarian species. The mitogenome contains 14 PCGs
(ND1� 6, ND4L, COX1� 3, ATP6, ATP8, CYTB, and heg), two
tRNA genes (tRNA-Trp and tRNA-Met), and two rRNA genes
(12s ribosomal RNA and 16s ribosomal RNA). Unlike the
typical metazoan mitogenome, the mitogenome of the sea
anemone has intron interrupting ND5 and COX1 genes. The
COX1 gene possesses a homing endonuclease gene (heg).
All the 18 genes are transcribed from the heavy (H) strand.
The Aþ T richness is 62.6%, similar to other actiniarian

mitochondrial nucleotide composition (Foox et al. 2016). The
GC skew of the whole mitogenome is 0.114 while the AT skew
is �0.129, which means the mitogenomic contains more T
than A, and more G than C. Similar favor of T and G was also
found in other sequenced actiniarian mitogenomes (Zhang
et al. 2017). Two introns were found in ND5 and COX1. The
ND1 and ND3 genes locate in the ND5 intron and the heg
gene cut the COX1 intron into two pieces. There is no overlap
between genes but 19 intergenic spacers are observed in the
mitogenome, ranging from 4bp to 324 bp.

Nineteen species with complete 13 PCGs (excluding ter-
mination codons) are used in phylogenetic analyses, Savalia
savaglia used as outgroup. Each PCG is aligned individually
with codon-based multiple alignments using MUSCLE
v3.8.31(Edgar 2004). The third codon position of PCGs is the
most variable (Xia 1998), and likely experienced substitution
saturation and consequently cause homoplasy in nucleotide
gene data, so the third bases of each codon are excluded.
Alignments of individual genes are then concatenated as a
combined matrix. Maximum-likelihood (ML) tree are inferred
using IQ-tree (Nguyen et al. 2015) using the models detected
with ModelFinder (Kalyaanamoorthy et al. 2017), and node
confidence was assessed with 1000 ultrafast bootstrap repli-
cates. Our phylogenetic analysis strongly supports that
D. lineata is sister to Metridium senile, and further confirms
that Diadumenidae was closely related to members of
Metridiidae (Figure 1) (Daly et al. 2008; Grajales and
Rodr�ıguez 2016).
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Figure 1. Maximum-likelihood tree of Actiniaria based on the combined dataset of first and second codon positions of 13 PCGs. Numbers above branches indicate
maximum-likelihood bootstrap support values. The best model for this combined dataset was TPM3uþ FþR3.
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