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ABSTRACT
The complete chloroplast genome sequence of Haplopteris flexuosa, a member of Vittarioideae (family
Pteridaceae), was determined. The chloroplast genome of H. flexuosa was 165,664 bp in length with
two inverted repeats (32,556 bp) between a large single copy (79,996 bp) and a small single copy
(20,556bp). The GC content was higher than that of related taxa H. elongate, and it was caused by
high GC content of expanded regions by insertion of mobile open reading frames in fern organelles
(MORFFO) found in the family Pteridaceae. And also, we found that rrn5-rps12 enlarged region of H.
flexuosa was similar to MORFFOs of other Pteridaceae.
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Subfamily Vittarioideae, which belongs to Pteridaceae, is
comprised of 12 genera and 345 species (PPG I 2016).
Among them, Haplopteris C. Presl is characterized by bilateral
monolete spores, paraphyses with infundibular apical cells,
wide leaves (> 4mm), bilateral rhizome, and paleotropical
distribution (Crane 1997).

Haplopteris flexuosa (F�ee) E.H. Crane is widely distributed
at Bhutan, Cambodia, China, India, Japan, Korea, Laos,
Myanmar, Nepal, Thailand, and Vietnam (Wu et al. 2013). As a
huge range of habitat, this species has various morphological
forms depending on its ecological conditions but constants
in its scale, paraphyses with infundibular apical cells, and
margin rolled backward to partly cover sori (Wu et al. 2013).
The monophyly of these morphological forms is also well-
supported by maximum likelihood analysis using chloroplast
(cp) DNA genes (Chen et al. 2017).

In this paper, we completely sequenced the cp genome of
H. flexuosa which was collected from Youngcheon-dong,
Seogwipo-si, Jeju island, Korea (33�18002.83"N,
126�34046.07"E, alt. 292m) and the voucher specimen
(CBNU2018-0146) was deposited at the Herbarium of
Chungbuk National University (CBNU). From a leaf dehy-
drated using silica-gel, total genomic DNA was extracted by
following the manufacturer’s protocol for the DNeasy Plant
Mini Kit (Qiagen, Hilden, Germany) and was sequenced using
HiSeq X Ten of Illumina (Illumina, San Diego, USA). Totally
2,545,669,740 paired-end reads (151 bp in length) were
obtained and they were trimmed by trimmomatic 0.39
(Bolger et al. 2014) with the option LEADING:10, TRAILING:10,
SLIDINGWINDOW:4:20, MINLEN:50. And then 2,207,178,626
reads remained and they were assembled to the reference

plastome of H. elongata (NC 040175) following Kim and
Chase (2017). Finally, a circular chloroplast genome sequence
was constructed with 219.8 coverage depth. All genes were
annotated based on existing genes in other fern chloroplast
genomes using Geneious 10.2.6 (Kearse et al. 2012). Each
coding gene was aligned using MAFFT (Katoh et al. 2002).
The concatenated alignment using 84 coding genes was
74,116 bp in length. Partition models were selected using
ModelFinder with edge-proportional partition and merge
options (Chernomor et al. 2016; Kalyaanamoorthy et al.
2017). Maximum likelihood analysis was constructed using
IQ-Tree 2 (Minh et al. 2020) with 1,000 ultrafast bootstraps
(Hoang et al. 2018).

The cp genome of H. flexuosa (MW 373058) was
165,664 bp in length with two inverted repeats (IRs;
32,556 bp) between a large single copy (LSC; 79,996 bp) and
a small single copy (SSC; 20,556 bp). It had 128 genes consist-
ing of 87 protein-coding genes, eight ribosomal RNAs, 31
transfer RNAs, and two pseudogenes of rps16 and trnV-UAC.
The GC content was 41.2%. As a result, the cp genome of H.
flexuosa was 9,662 bp longer in length and 1.1% higher in GC
content compared with the cp genome of related taxa H.
elongata (NC 040215). It was caused by two expanded
regions. The enlarged region between rps7 and psbA was
5,127 bp in length with 51.1% GC content which was first
expanded region by the insertion of mobile open reading
frames in fern organelles (MORFFO) (Robison et al. 2018) in
Pteridaceae. This enlarged region was similar to rrn5-rps12
enlarged region of H. elongata. However, rrn5-rps12 enlarged
region of H. flexuosa which was 5,413 bp in length with
48.0% GC content did not correspond to any cp regions of H.
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elongata. Based on the blast search, rrn5-rps12 region of H.
flexuosa was similar to MORFFOs of other Pteridaceae.

From the result of molecular phylogenetic analysis, the
clade of the genus Haplopteris was strongly supported and
was sister to the clade of Vittaria þ Scoliosorusþ Antrophyum
(Figure 1).
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Figure 1. Phylogenetic relationships of Haplopteris flexuosa and its related taxa based on the complete chloroplast genome sequences..
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