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ABSTRACT
Coscinodiscus is a species-rich genus with about 400 species described, many of which are harmful
algal bloom species with significant negative ecological impact. Despite of their importance in primary
production and as harmful algal bloom species, genome data for species in this genus is limited. No
mitochondrial genome (mtDNA) of any species in this genus has been reported. Here, the complete
mtDNA sequence of the Coscinodiscus wailesii Gran & Angst 1931 was constructed and analyzed. The
circular mtDNA was 36,071bp in length, encoding 64 genes, including 34 protein coding genes (PCGs),
24 transfer RNA (tRNA) genes, 2 ribosomal RNA (rRNA) genes and 4 conserved open reading frames
(orfs). The overall AT content of C. wailesii mtDNA was 75.00%, which was slightly lower than that of
Melosira undulate (78.40%). Maximum likelihood (ML) phylogenetic analysis using 29 shared protein-
coding genes revealed that C. wailesii clustered well with M. undulata, which was the only species of
class Coscinodiscophyceae whose mtDNA has been fully constructed. The complete mtDNAs of more
Coscinodiscus species will be valuable for studying the evolutionary relationships among species in the
genus Coscinodiscus and in the Class of Coscinodiscophyceae.
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Diatoms are a diverse phytoplankton group estimated to
contribute up to 20% of global primary production (Mann
1999). Coscinodiscus wailesii belongs to the genus
Coscinodiscus, the class Coscinodiscophyceae, and the phylum
Bacillariophyta with a worldwide distribution (Rick and
D€urselen 1995). The genus Coscinodiscus is species-rich with
about 400 species identified globally (Li 2009) and 49 species
identified in China (Xie 2006), many of which have been
found to form blooms with severe negative impact directly
on environment (Hasle and Lange 1992). The cell size of
Coscinodiscus species is large, about 70–470 mm, with a high
carbon content, which poses a great impact on the whole
carbon pool and plays an important role in the marine eco-
system (Sun and Liu 2005). Coscinodiscus wailesii is a harmful
algal bloom (HAB) species that can cause serious damage to
Nori (Pyropia) cultivation through competitive utilization of
nutrients during its bloom (Tetsuya et al. 2000; Nishikawa
et al. 2010), and forms dense HABs that cause extensive clog-
ging of fishing nets and other equipment, such as cages
(Laing and Gollasch 2002).

Mitochondrial genome is an ideal handle for genetic and
phylogenetic analyses because of its uniparental inheritance

and high evolutionary rates (Wang et al., 2016). Although the
mtDNAs of many species in phylum Bacillariophyta have
been sequenced, most of these mtDNAs were constructed for
species of two of the three classes including Mediophyceae
and Bacillariophyceae. By now, mtDNA of only a single spe-
cies (e.g., M. undulata) in the third class Coscinodiscophyceae
has been constructed. The first aim of this study was to con-
struct mtDNA of the spcies C. wailesii, which represents the
second mtDNA of species of the class Coscinodiscophyceae.
The second aim was to compare the two mtDNAs of these
two species C. wailesii and M. undulate in the class
Coscinodiscophyceae. Here, we assemble and annotate the
complete mtDNA of C. wailesii for the first time, as part of
our effort to gain better understanding of its genetic charac-
teristics at the genome level.

The strain C. wailesii CNS00372 used in this study was iso-
lated in water samples collected during an expedition to the
Jiaozhou Bay, China (36�08.3640N, 120�11.3590E) in
September 2019 onboard the research vehicle ‘Innovation’.
Its specimen was deposited in the collection of marine algae
in KLMEES of IOCAS (Nansheng Chen, chenn@qdio.ac.cn)
under the voucher number CNS00372. The annotation of
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protein-coding genes (PCGs), transfer RNA (tRNA) genes, ribo-
somal RNA (rRNA) genes and open reading frames (orfs) were
conducted using Open Reading Frame Finder (ORF finder)
(https://www.ncbi.nlm.nih.gov/orffinder), tRNAscan-SE 2.0
(Chan and Lowe 2019) and MFannot (https://megasun.bch.
umontreal.ca/RNAweasel).

The circular mtDNA of C. wailesii was 36,071 bp in size
(GenBank accession number: MW122841). The mtDNA
encoded a set of 64 genes found in most diatom mtDNAs
(Wang et al. 2021; Zhang et al. 2021), including 34 protein-
coding genes (PCGs), 2 ribosomal RNA (rRNA) genes, 24
transfer RNA (tRNA) genes, and 4 open reading frames (orfs).
The heavy strand (þ) encoded 56 genes while the light
strand (–) had 8 genes. The percentage of Aþ T of the
mtDNA of C. wailesii was 75.00%, which was slightly lower
than that of M. undulata. The 34 PCGs included atp6,8,9; cob;

cox1-3; nad1-7,4L,9,11; rpl2,5,6,14,16; rps3,4,7,8,10-14,19; and
tatA,C. All PCGs began with ATG except atp8, which began
with TTA. The termination codons of PCGs were either TAA
(29 of 34 genes) or TAG (5 of 34 genes). The 24 transfer RNA
(tRNA) genes ranged in size from 71 bp to 89 bp. Five pairs of
overlapping genes were identified in the C. wailesii mtDNA,
including rps10-trnF (10 bp), rps12-rps7 (65 bp), nad1-tatC
(48 bp), orf143-trnP (9 bp), and rrs-trnS (53 bp).

Maximum likelihood (ML) phylogenetic tree was con-
structed using concatenated amino acid sequences of 29 pro-
tein-coding genes (atp 8, 9; cob; cox1, 2, 3; nad1-7, 4 L, 9; rpl2,
5, 6, 14, 16; rps3, 4, 8, 10, 11, 13, 14, 19; and tatC) shared by
33 publicly available diatom mtDNAs (Figure 1), using IQtree
v1.6.12 (Trifinopoulos et al. 2016) with 1000 bootstrap repli-
cations. Two species Sargassum fusiforme (KJ946428) and
Sargassum muticum (KJ938301) of Ochrophyta were used as

Figure 1. Maximum likelihood phylogenetic tree using concatenated amino acid sequences of 29 shared protein-coding genes (atp 8, 9; cob; cox1, 2, 3; nad1-7, 4 L,
9; rpl2, 5, 6, 14, 16; rps3, 4, 8, 10, 11, 13, 14, 19; and tatC) from 33 publicly available diatom mtDNAs, and Sargassum fusiforme (KJ946428) and Sargassum muticum
(KJ938301) of Ochrophyta were used as out-group taxa. The numbers beside branch nodes are the percentage of 1000 bootstrap values.
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out-group taxa. The results demonstrated that species fell
well into three clades corresponding to three classes of the
phylum Bacillariophyta, including Coscinodiscophyceae,
Mediophyceae and Bacillariophyceae. In a separate study,
Crowell et al. (2019) showed that Durinskia baltica and the
two Nitzschia palea plastomes grouped on a strongly sup-
ported branch (bootstrap 100) within a larger clade that
included Kryptoperidinium foliaceum. The phylogenetic posi-
tions of Endosymbiont of K. foliaceum and D. baltica are con-
sistent with our results described in this manuscript. Recent
studies have also proposed that the species Thalassiosira
pseudonana belongs to the genus Cyclotella (Alverson et al.
2011). As expected, mtDNA of C. wailesii (MW122841) showed
a close relationship with that of M. undulata (NC037728)
(Figure 1), which was the only species in the class
Coscinodiscophyceae whose mtDNA had been fully con-
structed (Pogoda et al. 2019). Comparative analysis of
mtDNAs of C. wailesii and M. undulata revealed extensive
genome rearrangement events including translocation and
inversion events. Nevertheless, many conserved gene blocks
could be identified, such as atp6-rps10-trnF(gaa)-rps8-rpl6.
These results suggested that mtDNAs of many more species
of the class Coscinodiscophyceae are needed for in depth
understanding of their evolutionary dynamics.
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