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ABSTRACT
We presented a complete chloroplast genome of Fissidens nobilis which is 124,962bp long and has
four subregions: 86,122bp of large single-copy (LSC) and 18,708bp of small single-copy (SSC) regions
are separated by 10,066bp of inverted repeat (IR) regions including 127 genes (82 protein-coding
genes, 8 rRNAs, and 37 tRNAs). The overall GC content is 29.2% and those in the LSC, SSC, and IR
regions are 26.6%, 26.0%, and 43.5%, respectively. Phylogenetic trees show that the phylogenetic pos-
ition of F. nobilis is congruent with the previous phylogenetic study of moss species.
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Genus Fissidens is one of the most diversified genera in
Bryophyta covering around 450 species (Crosby et al. 2000).
It is the only genus in Family Fissidentaceae (Pursell and
Bruggeman-Nannenga 2004), characterized by two vaginant
laminae in each leaf forming a pocket-shaped structure.
Recent molecular phylogeny study presented that Fissidens
nobilis Griff. is a basal group of subgenus Pachyfissidens
(Suzuki et al. 2018), which is one of the four subgenera in
the genus Fissidens (Pursell and Bruggeman-Nannenga 2004).
Due to morphological varieties of Fissidens, it is a good target
to decipher chloroplast genomes for understanding the rela-
tionship between morphological and genetic diversity. Here,
we completed chloroplast genome of F. nobilis as a first
chloroplast genome of Fissidens as well as order Dicranales.

F. nobilis was collected in a Seojung stream, Seogwipo,
Republic of Korea (33.342995N, 126.669843E; Voucher in
InfoBoss Cyber Herbarium (IN); W. Kwon, IB-50005). Its DNA
was extracted by using a DNeasy Plant Mini Kit (QIAGEN,
Hilden, Germany). Genome sequencing was performed using
HiSeqX at Macrogen Inc., Korea, and de novo assembly and
sequence conformation were done by Velvet 1.2.10 (Zerbino
and Birney 2008), SOAPGapCloser 1.12 (Zhao et al. 2011), BWA
0.7.17 (Li 2013), and SAMtools 1.9 (Li et al. 2009). Geneious
R11 11.0.5 (Biomatters Ltd., Auckland, New Zealand) was used
for chloroplast genome annotation based on Physcomitrella
patens chloroplast genome (NC_037465; Sugiura et al. 2003).

The chloroplast genome of Fissidens nobilis (Genbank
accession is MK876184) is 124,962 bp long (GC ratio is 29.2%)
and has four subregions: 86,122 bp of large single-copy (LSC;

26.6%) and 18,708 bp of small single-copy (SSC; 26.0%)
regions are separated by 10,066 bp of inverted repeats (IRs;
43.5%). It is longer than that of one of the neighbor species,
Syntrichia ruralis by 2,332 bp (Oliver et al. 2010). It contains
127 genes (82 protein-coding genes, 8 rRNAs, and 37 tRNAs),
in which nine genes (four rRNAs and five tRNAs) are dupli-
cated in IR regions.

Nine complete chloroplast genomes including F. nobilis
were used for constructing neighbor joining (bootstrap repeat
is 10,000) and maximum likelihood (bootstrap repeat is 1,000)
phylogenetic trees using MEGA X (Kumar et al. 2018) after
aligning whole chloroplast genomes using MAFFT 7.388
(Katoh and Standley 2013) with correcting direction of SSC
and LSC of Physcomitrella patens (NC_037465). Phylogenetic
trees present rigid phylogenetic position of F. nobilis, which is
congruent with the recent study of moss species based on
organelle and nuclear loci (Liu et al. 2019). In addition, two
basal moss species, Sphagnum palustre (Jonathan Shaw et al.
2016), and Takakia lepidozioides, are clustered in the tree
(Figure 1). It is incongruent with the previous study (Liu et al.
2019), requiring additional chloroplast genome sequences of
basal moss species. Complete chloroplast genomes of moss
species in the trees present their phylogenetic relation with
high bootstrap values and congruent between neighbor join-
ing and maximum likelihood trees (Figure 1), reflecting that
moss chloroplast genome sequences can provide rigid phylo-
genetic relationship. Additional chloroplast genomes
sequenced in near future will contribute to construct a
detailed phylogenetic relationship of moss species.
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Figure 1. Neighbor joining (bootstrap repeat is 10,000) and maximum likelihood (bootstrap repeat is 1,000) phylogenetic tree of 10 complete chloroplast genomes:
Fissidens nobilis (MK876184 in this study), Syntrichia ruralis (NC_012052), Orthotrichum rogeri (NC_026212), Sanionia uncinata (NC_025668), Physcomitrella patens
(NC_037465), Tetraphis pellucida (NC_024291), Sphagnum palustre (NC_030198), Takakia lepidozioides (NC_028738) and Marchantia polymorpha subsp. ruderalis
(NC_037507) as an outgroup. Phylogenetic tree was drawn based on neighbor joining tree. The numbers above branches indicate bootstrap support values of
neighbor joining and maximum likelihood phylogenetic trees, respectively.
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