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ABSTRACT
Coniogramme intermedia Hieron. is a morphologically distinctive species in the genus. It is identified by
lanceolate pinnules with serrated margins, free veins, hydathodes extending into teeth, and laminae
abaxially hairy. It is mainly distributed in the tropical and subtropical regions of Asia. Herein, we report
the first complete chloroplast genome sequence of C. intermedia. Also, it is the opening one of the
genus Coniogramme F�ee. The chloroplast genome sequence is 153,561 bp in length. The genome has a
typical quadripartite structure, including a large single-copy (LSC) region of 82,817bp, a small single-
copy (SSC) region of 21,236bp, and two inverted repeat (IR) regions of 24,754bp each. The total GC
content is 45.0%. The complete plastome sequence contains 114 genes, including, 81 protein-coding,
29 tRNA, and four rRNA genes. The phylogenetic analysis of Pteridaceae based on the complete chloro-
plast genomes was also presented in this study.
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Coniogramme F�ee is a fern genus with about 50 species
worldwide, which belongs to the subfamily Cryptogrammoi-
deae in Pteridaceae (Christenhusz et al. 2011; Zhang and
Ranker 2013; PPG I 2016). It is characterized by its large habit
with creeping rhizomes and 1–3 pinnate fronds with exindu-
siatesori borne along the lateral veins. However, the genus is
poorly differentiated and has long been one of the most
problematic fern groups with respect to its specific definition.
Fraser-Jenkins (2008) concluded that the taxonomy of
Coniogramme is very complicated and has been confusing
taxonomists in species circumscription.

This genus was divided into two sections, and sect.
Coniogramme further divided into ser. Serratae and ser.
Fraxineae (Lu 2001). Coniogramme ser. Serratae is characterized
by pinnules with serrated margins, distinguishing from entire
margins in C. ser. Fraxineae. Among ser. Serratae, Coniogramme
intermedia Hieron. is the most wildly distributed one in East
Asia, including China, India, Japan, Korea and Vietnam. It is dis-
tinctive by lanceolate pinnules with serrated margins, free veins,
hydathodes extending into teeth, and laminae abaxially hairy.
In order to better understand this species, we report and anno-
tate the first complete chloroplast genome of C. intermedia
using the next-generation sequencing method.

Fresh young leaves of C. intermedia were collected from
Longchuan County, Yunnan province, China (N97�59047.1000,
E24�13’5.38”). Voucher specimens were deposited in the
Herbarium of Beijing Forestry University (BJFC) (under collec-
tion number of PT_954). CTAB method (Doyle and Doyle

1987) was used to extract the total genome DNA which was
then send to Meiji Company (Meiji Biotech Co. Ltd., Beijing)
for 2� 150bp pair end sequencing using Illumina HiSeq 4000
platform. Referring to the published plastid genome of
Cryptogramma acrostichoides R. Br. (NC_040211) and Llavea
cordifolia Lag. (NC_040216), the Map to Reference function of
Geneious R11 (Kearse et al. 2012) was used to filter available
reads. In total, 14Gb of 150-bp clean reads were generated.
These available reads were de novo assembled and concaten-
ated into larger ones using Geneious R11. The original data
were again mapped to the larger contigs to extend their
boundaries until all contigs were able to concatenate to one
contig. The IR region was determined using the Repeat Finder
function in Geneious R11. The assembled chloroplast
sequence was annotated using the Plastid Genome Annotator
(PGA, Qu et al. 2019), and verified by Geneious R11.

The complete chloroplast genome sequence of C. interme-
dia is 153,561 bp in length, with a large single-copy (LSC)
region of 82,817 bp, a small single-copy (SSC) region of
21,236 bp, and two inverted repeats (IR) of 24,754 bp. The
plastome contains 114 functional genes, including 81 pro-
tein-coding genes, 29 tRNA genes, and four rRNA genes. The
total sequence GC content is 45.0%. Structural variations
such as gene inversions, transpositions, and IR expansion of
this plastome sequence was similar to that of other samples
in Cryptogrammoideae (Robison et al. 2018).

C. intermedia and other 13 species from Pteridaceae, with
two species from eupolypods as outgroup species, were used
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for phylogenetic analysis (Figure 1). A total of 16 complete
chloroplast genomes were aligned using MAFFT (Katoh et al.
2017). The maximum likelihood (ML) method was used for phyl-
ogeny reconstruction. The sequence alignment was followed Liu
et al. (2018). Then, the ML tree was constructed using IQ-TREE
software (Kalyaanamoorthy et al. 2017; Hoang et al. 2018). The
results indicated that C. intermedia, Cryptogramma acrostichoides
and Llavea cordifolia formed a strongly supported clade and
constituted Cryptogrammoideae. This was in consistent with pre-
vious molecular studies (Zhang et al. 2003; Robison et al. 2018).
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Figure 1. Phylogram inferred from the complete chloroplast genome sequences.
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