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ABSTRACT
Rhizosolenia is a species-rich genus with 144 described species, many of which are harmful algal spe-
cies (HABs) with significant negative ecological impact. Despite their significance in primary production
and their potential to induce HABs, genome data of these species remain extremely limited. In this
study, the complete mitochondrial genome (mtDNA) of Rhizosolenia setigera Brightwell 1858 was deter-
mined for the first time, which also represented the first mtDNA of the order Rhizosoleniales. The circu-
lar mtDNA was 34,792bp in length with GC content of 23.28%. It encoded 63 genes including 35
protein-coding genes (PCGs), 24 transfer RNA (tRNA) genes, 2 ribosomal RNA (rRNA) genes, and 2 con-
served open reading frames (orfs). Phylogenetic analysis using concatenated PCGs revealed that R. seti-
gera and Melosira undulate, which also belongs to the class Coscinodiscophyceae, clustered together as
expected. However, comparison of these two mtDNAs revealed extensive genome rearrangement
events, suggesting large evolutionary distance. The complete mtDNA of R. setigera will facilitate
research on the phylogenetic relationship among Rhizosolenia species, which will in turn facilitate
exploration of the evolutionary relationships in the class of Coscinodiscophyceae.
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Rhizosolenia (Coscinodiscophyceae, Bacillariophyta) is an
important group of marine phytoplankton, which includes
144 species described globally (Guiry and Guiry 2020) and 17
species described in China (Qian and Chai 1989). Rhizosolenia
is mostly abundant in mat formation containing communities
of multiple Rhizosolenia species (Singler and Villareal 2005).
Rhizosolenia mats are vertical migrators to transport nutrients
from the bottom to the top in the oligotrophic ocean
(Singler and Villareal 2005). Rhizosolenia plays a significant
role in carbon, silica and nitrogen cycles in the oligotrophic
seas ( Shipe et al. 1999; Pilskaln et al. 2005). Most researches
on Rhizosolenia species focused on morphological features
(Sorhannus 1990; Yun and Lee 2015), while molecular
research on Rhizosolenia species remain insufficient. Here, we
constructed the complete mtDNA of the species Rhizosolenia
setigera Brightwell 1858. The strain CNS00456 analyzed in
this study was isolated in water samples collected during an
expedition to the Changjiang Estuary (31�39.7220N,
122�99.7440E) in August 2020 on board the research vehicle
‘Zheyuke 2’. Genomic DNA was extracted from the collection
of marine algae R. setigera strain CNS00456. The DNA and
specimen were deposited at KLMEES (Key Laboratory of
Marine Ecology and Environmental Science) of IOCAS
(Institute of Oceanology of the Chinese Academy of Sciences)

(Nansheng Chen, chenn@qdio.ac.cn) under the voucher num-
ber CNS00456.

Illumina sequencing results of R. setigera genomic DNA
were assembled into scaffolds using Spades v3.14.0
(Bankevich et al. 2012). Target scaffolds of mtDNA were
selected from the assembly results using BLASTN v2.10.1, and
Toxarium undulatum mtDNA as query. The annotation of
PCGs was performed by using SmartBLAST (https://blast.ncbi.
nlm.nih.gov/smartblast/) and BLASTP. Open reading frames
(orfs) in the mtDNA were identified using Open Reading
Frame Finder (ORF finder) (https://www.ncbi.nlm.nih.gov/orf
finder). The locations of tRNA genes and rRNA genes were
annotated using tRNAscan-SE 2.0 (Chan and Lowe 2019) with
default setting and MFannot (https://megasun.bch.umontreal.
ca/RNAweasel/).

The complete mtDNA of R. setigera (GenBank accession
number: MW392567) was 34,792 bp in size, which was com-
pact and smaller than most diatom mtDNAs. It had an overall
GC content of 23.28%, which was substantially lower than
that of the mtDNAs of Skeletonema marinoi (29.7%) (An et al.
2017) and Pseudo-nitzschia multiseries (31.04%) (Yuan et al.
2016), but it was slightly higher than that of Melosira undu-
late (21.6%) (Pogoda et al. 2019). It encoded 63 genes includ-
ing 35 PCGs (atp6,8,9; cob, cox1-3; nad1-7,4L,9,11;
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rpl2,5,6,14,16; rps2-4,7,8,10-14,19; tatA,C), 24 transfer RNA
(tRNA) genes, 2 ribosomal RNA (rRNA) genes, and 2 open
reading frames (orfs). The start codons of all PCGs were ATG.
No introns were identified in this mtDNA. The intergenic
regions ranged from 0bp to 426 bp in sizes, with an average
size of 61 bp, which were similar to those of Melosira undu-
late, whose intergenic regions ranged from 2bp to 530 bp in
sizes, with an average size of 59 bp.

Phylogenetic analysis was implemented by utilizing 31
PCGs (atp6, 8, 9; cob; cox1, 2, 3; nad1-7, 4 L, 9, 11; rpl2, 5, 6,
14, 16; rps3, 4, 8, 10, 11, 13, 14, 19; and tatC) that were shared
by R. setigera mtDNA and mtDNAs of other 36 diatom

species (Figure 1). Maximum likelihood phylogenetic tree was
constructed using IQtree v1.6.12 (Trifinopoulos et al. 2016)
with 1000 bootstraps. mtDNA of one Parmales species
Triparma laevis (AP014626) (Tajima et al. 2016) was used as
out-group taxa. The phylogenetic tree showed that R. setigera
mtDNA (MW392567) and Melosira unduata mtDNA
(NC037728) clustered together within the class
Coscinodiscophyceae. The length of R. setigera mtDNA was
longer than that of M. unduata mtDNA, which is 32,777 bp
(Pogoda et al. 2019). Compared with M. unduata mtDNA,
R. setigera mtDNA contained an extra gene rps2. Colinearity
analysis of the mtDNAs of M. unduata and R. setigera

Figure 1. Maximum likelihood (ML) phylogenetic tree based on 31 concatenated PCGs from 36 publicly diatom mtDNAs, and mtDNA of one Parmales species
Triparma laevis (AP014626) was used as out-group taxa. The numbers beside branch nodes were the percentage of bootstrap values.
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revealed extensive genome rearrangement events. For
example, the relative position of tatA and tatC is different
between these two species, consistent with their distant evo-
lutionary relationship. R. setigera mtDNA represented the first
mtDNA of the order Rhizosoleniales. More mtDNAs of this
order are needed to study their phylogenetic relationships.

Acknowledgements

We are thankful to all staff members of Marine Ecological Environment
Genomics Research Group at the Institute of Oceanology, the Chinese
Academy of Sciences. We are grateful to Cui Zongmei for her assistance.

Disclosure statement

The authors are responsible for the content and writing of the paper. No
potential conflict of interest was reported by the authors.

Funding

This work was supported by the Strategic Priority Research Program of
Chinese Academy of Sciences [Grant No. XDB42000000], Chinese
Academy of Sciences; Pioneer Hundred Talents Program (to Nansheng
Chen); Taishan Scholar Project Special Fund (to Nansheng Chen);
Qingdao Innovation and Creation Plan [Talent Development Program-5th
Annual Pioneer and Innovator Leadership Award to Nansheng Chen, 19-
3-2-16-zhc]; the Key Research Program of Frontier Sciences, Chinese
Academy of Sciences [No. QYZDB-SSW-DQC023] (to Feng Liu), and the
Major Scientific and Technological Innovation Project of Shandong
Province [No. 2019JZZY020706] (to Feng Liu).

ORCID

Feng Liu http://orcid.org/0000-0002-5774-900X
Nansheng Chen http://orcid.org/0000-0002-0615-7215

Data availability statement

The genome sequence data that support the findings of this study are
openly available in GenBank of NCBI at https://www.ncbi.nlm.nih.gov/
under the accession number MW392567. The associated BioProject and
Bio-Sample numbers are PRJNA686853 and SAMN17126607, respectively.

References

Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, et al. 2012.
SPAdes: a new genome assembly algorithm and its applications to
single-cell sequencing. J Comput Biol. 19(5):455–477.

Chan PP, Lowe TM. 2019. tRNAscan-SE: searching for tRNA genes in gen-
omic sequences. Methods Mol Biol. 1962:1–14.

Pogoda CS, Keepers KG, Hamsher SE, Stepanek JG, Kane NC, Kociolek JP.
2019. Comparative analysis of the mitochondrial genomes of six newly
sequenced diatoms reveals group II introns in the barcoding region of
cox1. Mitochondrial DNA A DNA Mapp Seq Anal. 30(1):43–51.

Guiry MD, Guiry GM. 2020. AlgaeBase. World-wide electronic publication,
National University of Ireland, Galway. http://www.algaebase.org.

Pilskaln CH, Villareal TA, Dennett M, Darkangelo-Wood C, Meadows G.
2005. High concentrations of marine snow and diatom algal mats in
the North Pacific Subtropical Gyre: Implications for carbon and nitro-
gen cycles in the oligotrophic ocean. Deep Sea Res Part I. 52(12):
2315–2332.

Qian SB, Chai XY. 1989. Rhizosolenia community dominant species indi-
cator adjacent area of the Huanghai Sea and East China Sea coastal
cutrent Watet system of Kuroshio cold water mass. J Ocean Univ
Qingdao. 3:64–77.

Shipe RF, Brzezinski MA, Pilskaln C, Villareal TA. 1999. Rhizosolenia mats:
An overlooked source of silica production in the open sea. Limnol
Oceanogr. 44(5):1282–1292. doi:10.4319/lo.1999.44.5.1282.

Singler HR, Villareal TA. 2005. Nitrogen inputs into the euphotic zone by
vertically migrating Rhizosolenia mats. J Plankton Res. 27(6):545–556.

Sorhannus U. 1990. A new planktonic diatom species, rhizosolenia sig-
moida, from upper pliocene sediments of the equatorial Pacific
Ocean. Micropaleontology. 36(1):102–103.

An SM, Kim SY, Noh JH, Yang EC. 2017. Complete mitochondrial genome
of Skeletonema marinoi (Mediophyceae, Bacillariophyta), a clonal chain
forming diatom in the west coast of Korea. Mitochondrial DNA A DNA
Mapp Seq Anal. 28(1):19–20.

Tajima N, Saitoh K, Sato S, Maruyama F, Ichinomiya M, Yoshikawa S,
Kurokawa K, Ohta H, Tabata S, Kuwata A, et al. 2016. Sequencing and
analysis of the complete organellar genomes of Parmales, a closely
related group to Bacillariophyta (diatoms). Curr Genet. 62(4):887–896.

Trifinopoulos J, Nguyen LT, von Haeseler A, Minh BQ. 2016. W-IQ-TREE: a
fast online phylogenetic tool for maximum likelihood analysis. Nucleic
Acids Res. 44(W1):W232–235.

Yuan X-L, Cao M, Bi G-Q. 2016. The complete mitochondrial genome of
Pseudo-nitzschia multiseries (Baciuariophyta). Mitochondrial DNA A
DNA Mapp Seq Anal. 27(4):2777–2778.

Yun SM, Lee J. 2015. Morphology and distribution of some marine dia-
toms, family Rhizosoleniaceae, in Korean coastal waters: Rhizosolenia
1. Algae. 25:173–182.

MITOCHONDRIAL DNA PART B 2321

https://www.ncbi.nlm.nih.gov/under
https://www.ncbi.nlm.nih.gov/under
http://www.algaebase.org
https://doi.org/10.4319/lo.1999.44.5.1282

	Abstract
	Acknowledgements
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


