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ABSTRACT

We determined the complete chloroplast genome sequence of the peatmoss Sphagnum subsecundum
Nees from Mt. Halla in Korea. The total size of the chloroplast genome was 140,136 bp, and it consisted
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of a large single-copy region (LSC) of 98,064 bp, a small single-copy region (SSC) of 21,388 bp, and two

copies of inverted repeat (IRa and IRb) regions of 10,342 bp each. The genome encoded a set of 130
genes, comprising 85 protein-coding genes, 37 tRNA genes, and 8 rRNA genes. This species formed a
monophyletic clade with S. orientale and S. lenese as the result of ML phylogenetic analysis based on
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whole gemone sequence of 15 species including one outgroup species.

The class Sphagnopsida consists of two families, the
Ambuchananiaceae and Sphagnaceae. The
Ambuchananiaceae is endemic to Tasmania, while the

Sphagnaceae has a worldwide distribution. The Sphagnaceae
consists of a single genus Sphagnum and 285 species
(McQueen and Andrus 2007). Recently, this genus was div-
ided into five subgenera based on organellar phylogenomic
analyses (Shaw et al. 2016). On the Korean Peninsula, 22-29
species have been reported (Choe and Choi 1980; Hwang
1991; Kim et al. 2020). One of these species, S. subsecundum
grows on an alpine wetland of Mt. Halla on Jeju Island. Jeju
Island (Jeju-do or ‘Quelpart’) is the largest island in South
Korea. The island is about 240km in circumference and Mt.
Halla, a shield volcano, is located in the center of the island,
and also the highest mountain in South Korea. In Korea, the
distribution of S. subsecundum is restricted to Jeju Island, but
has been reported across most continents, primarily in boreal
regions (Gao et al. 1999; McQeen and Andrus 2007). This
study analyzed the chloroplast genome of S. subsecundum
collected on the Seonjakjiwat Plain on Mt. Halla, which is an
alpine wetland meadow.

Fresh samples were collected from Mt. Halla, Jeju Island in
South Korea. A voucher specimen (WKim 2017-05-17, W. Kim,
spitz8823@korea.kr) was deposited in the herbarium of the
National Institute of Biological Resources (KB, http://www.
nibr.go.kr). The genomic DNA was isolated from the fresh
leaves using the DNeasy Plant Mini Kit (Qiagen) and lllumina
paired-end (PE) library was constructed with an average
670bp insert size, following the manufacturer’s instructions.
The library was sequenced using an lllumina MiSeq platform
by LabGenomics (www.labgenomics.co.kr, Seongnam, Korea).
High-quality paired-end (PE) reads of about 1.4Gb were
employed for a de novo assembly using the default settings
in CLC genome assembler (v. 421, CLC Inc, Aarhus,

Denmark). A detailed procedure was described in the previ-
ous study (Lee et al. 2018). Among the assembled contig
sets, putative chloroplast contigs were selected and merged
into a single draft sequence compared with the reference
sequence of S. palustre (GenBank accession no. KC784957).
The draft sequence was manually corrected and gap-filled by
iterative PE read mapping. The final complete chloroplast
genome sequence was annotated using GeSeq (https://
chlorobox.mpimp-golm.mpg.de/geseg-app.html) and  was
manually curated using Artemis annotation tool with NCBI
BLASTN searches (Rutherford et al. 2000). The annotation was
performed based on S. orientale (KU725447) and S. palustre
(KU726621) using Geneious Prime 11.04+ 11 (Biomatters
Ltd., Auckland, New Zealand). The complete chloroplast gen-
ome of S. subsecundum is a circular chromosome with a
length of 140,136 bp. The genome has a typical quadripartite
structure, and consists of two copies of inverted repeats (IRa
and IRb: 10,342 bp each) separated by two regions: the large
single-copy region (LSC: 98,064 bp) and the small single-copy
region (SSC: 21,388 bp). The total GC content is 36.8%, and
that of the LSC, SSC, and each IR was 35, 34.1, and 48.3%,
respectively. The chloroplast genome encodes a set of 130
genes, comprising 85 protein-coding, 37 tRNA, and 8 rRNA
genes. Chloroplast genome content and organization in
S. subsecundum was mostly similar to previously published
species (Shaw et al. 2016).Like the other species of
Sphagnum, the petN and cysT genes are recognized here as a
miscellaneous gene and a pseudogene in Sphagnum, respect-
ively, which is annotated by the previous study (Shaw et al.
2016). However, the two genes are not present in this study.
The subgeneric relationships within Sphagnum are supported
by phylogenetic analysis of organelle genomes (Shaw et al.
2016). However, S. subsecumdum, the type species of the sub-
genus Subsecunda, is not included in the analyses. As the
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Figure 1. Phylogenetic tree inferred from maximum likelihood (RAXML v.8.2.11), based on complete chloroplast genome sequences of Sphagnum using GTR

GAMMA model. Bootstrap support values (>>50%) are indicated at each node.

analysis shows, three principle genetic variations are
revealed. First, this species has the CAS stop codon, but UAG
in the ccsA gene. This stop codon is also found in S. orientale
(KU725447). As a second genetic difference, the atpF gene is
identified. Usually, the atpF gene contains two CDS and one
intron. This intron region length is 675~ 692bp, and there
are interspecific variations. In the case of S. subsecundum, the
intron is 692bp in length, including 16bp repeat region.
Finally, this species differs from other species of Subsecunda
in having a sequence deletion in the intergenic spacer region
on rps4-trnT. This region is known as a plant DNA barcording
region, and this study supports that this species has signifi-
cant sequence deleted regions which are 20 base pairs in
length. To examine the phylogenetic history of S. subsecun-
dum, the chloroplast genome sequences of S. subsecundum
and 13 species in Sphagnum, and one outgroup species were
aligned by MAFFT version 7.45 (Katoh and Standley 2013),
with the combined rapid bootstrap analysis (1000 replicates)
and search for best-scoring ML tree (the ‘f a — x 1’ option).
The GTR GAMMA model was used for the maximum likeli-
hood analysis. The phylogenetic analysis fully resolved S. sub-
secundum in clade with S. orientale and S. lenense (Figure 1).
These phylogenetic results are similar to the organellar phylo-
genetic findings reported by Shaw et al. (2016).
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