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ABSTRACT
Cardamine fallax (O. E. Schulz) Nakai. is a perennial plant distributed in Eastern Asia. However, no
extensive genomic studies are available on C. fallax. In this paper, the authors describe the complete
chloroplast (cp) genome of C. fallax and its phylogenetic analysis. The cp genome is 154,797bp in
length with 36.3% GC content and consists of a pair of inverted repeats (IRs) of 26,521bp that sepa-
rated a large single-copy (LSC) region of 83,817bp and a small single-copy (SSC) region of 17,938bp. It
was found to contain 113 unique genes, of which 80 were protein-coding genes, 29 were transfer
RNAs, and four were ribosomal RNAs. Also, six PCGs, eight tRNA and four rRNA genes were duplicated
in the IR region and one gene as a pseudogene. Phylogenetic analysis showed that all Cardamine spe-
cies are highly conserved, and C. fallax was associated with the sister clade C. amaraeformis and
C. parviflora.
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The genus Cardamine, one of the most extensive genera of
the Brassicaceae family, includes more than 200 species dis-
persed worldwide (Al-Shehbaz 1988; Lihova and Marhold
2006). The species C. fallax (O. E. Schulz) Nakai. was consid-
ered as C. flexuosa subsp. fallax O. E. Schulz. Some research-
ers presently distinguish it as a distinct species (Kitagawa
1982; Kudoh et al. 1993) or as a subspecies (Kimata 1983) or
variety (Cheo et al. 1987; Lee 1996) of C. flexuosa.
Nevertheless, in the latest Flora of China (Zhou et al. 2001)
and Flora of Japan (Al-Shehbaz et al. 2006), the C. fallax and
C. flexuosa subsp. fallax has been included in the synonymy
of C. parviflora L. However, the main difference between
these two species is the shape of cauline leaves (Marhold et
al. 2007). Several molecular phylogenetic analyses have been
studied with both nrDNA internal transcribed spacer (ITS)
and cpDNA sequences to understand the phylogenetic rela-
tionship of the species C. fallax (Marhold et al. 2007) that
provided contradictory results. However, recent studies have
shown that the plastid genome is highly conserved, which
helps resolve taxonomic and phylogenetic implications
(Lihova and Marhold 2006). Therefore, in the current study,
we described the characteristics of the complete cp genome
of C. fallax, and phylogenetic analyses might reveal the
phylogenetic position of C. fallax in the Brassicaceae clade.

The young, fresh C. fallax (O. E. Schulz) Nakai. leaf materi-
als were collected from mountain Cheongok, Bonghwa-gun,
South Korea (geospatial coordinates: N37�40900, E128�5704700)
and the voucher specimen (YNUH21C063) was deposited in
the Yeungnam University Plant Herbarium, Gyeongsan, South

Korea (Prof. SeonJoo Park, sjpark01@ynu.ac.kr). Whole gen-
omic DNA was obtained by using a modified cetyltrimethy-
lammonium bromide method (Doyle 1990) and stored at the
DNA Bank, Department of Life Sciences, Yeungnam
University, Gyeongsan, South Korea (Prof. SeonJoo Park,
sjpark01@ynu.ac.kr). Whole-genome sequencing was accom-
plished with a pair-end library (150� 2), and an insert size of
350 base pairs (bp) using the Illumina HiSeq-2500 sequencing
system at LabGenomics, Seongnam, South Korea. Read qual-
ity was assessed with FastQC v0.11.9 (Andrews 2010), and
low-quality reads were trimmed with Trimmomatic 0.40
(Bolger et al. 2014). The following clean reads were filtered
using the GetOrganelle v1.7.4.1 pipeline (https://github.com/
Kinggerm/GetOrganelle) to obtain plastid-like reads and the
filtered reads were assembled de novo method using SPAdes
v3.15.2 (Prjibelski et al. 2020). Gene annotation was per-
formed using Geneious Prime v2021.1.1. A circular cp gen-
ome map was generated with OrganellarGenome DRAW
(OGDRAW) (Greiner et al. 2019). The complete cp genome
sequence of C. fallax and its gene annotation was submitted
to GenBank (MZ043778).

The C. fallax (O. E. Schulz) Nakai. cp genome size was
154,797 bp with a similar quadripartite structure, containing a
large single-copy region (LSC, 83,817 bp) and a small single-
copy region (SSC, 17,938 bp), divided by a pair of inverted
repeats (IRs, 26,521 bp). This genome encoded a total of 113
unique genes, of which 18 were duplicated in the IR regions.
Of the 113 genes, 80 were protein-coding genes (PCGs), 29
were tRNA genes, and four were rRNA genes. Of these,
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14 genes contained one intron (eight protein-coding and six
tRNA genes) and three encoded two introns (clpP, ycf3 and
rps12). The rps12 gene was a trans-spliced gene with its 50-
end exon located in the LSC region and its intron 30-end
exon duplicated in IR regions. The total GC content of the cp
genome was 36.3%.

To study the phylogenetic position of C. fallax within the
Brassicaceae family, we used the 66 PCGs from 29
Brassicaceae cp genomes and two outgroup cp genomes.
The phylogenetic analysis was performed based on the max-
imum likelihood (ML) method and the GTRGAMMA model
using RAxML v8.2.X with 1000 bootstrap replications
(Stamatakis 2014). Phylogenetic tree analysis demonstrated
that all Cardamine species formed a monophyletic clade, and
C. fallax was a close relationship with the sister clade C.
amaraeformis and C. parviflora (Figure 1). The C. fallax cp
genome could be used to distinguish C. parviflora and
resolve the phylogenetic relationships within the
Cardamine lineage.
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Figure 1. Phylogenetic tree showing the relationship between Cardamine fallax and 30 Brassicales species. The phylogenetic tree was constructed based on 66 pro-
tein-coding genes of chloroplast genomes using maximum likelihood (ML) with 1000 bootstrap replicates. Numbers in each node indicated the bootstrap sup-
port values.
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