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ABSTRACT

The climbing plant Cynanchum rostellatum (Turcz.) Liede & Khanum is widely distributed throughout
Korea and Northeast Asia as a member of the Apocynaceae family. Although this plant has a high
value in medicinal and industrial purposes, genetic research on this plant is insufficient. This study
announces the complete plastid genome (plastome) sequence of C. rostellatum with 663x mean cover-
age, which was assembled using 763 Mbp short-read data generated by the Illlumina HiSeq X platform.
The C. rostellatum plastome was 158,018 bp in length and displayed the typical quadripartite structure
composed of the large single-copy (LSC) region (89,058 bp), the small single-copy (SSC) region
(18,718 bp), and a pair of inverted repeat (IR) regions (25,116 bp). A total of 129 genes have been anno-
tated, including 84 protein-coding genes, 37 transfer RNA genes, and eight ribosomal RNA genes.
Phylogenetic analysis indicated the genus Cynanchum including 12 Cynanchum plastome sequences,
was monophyletic and was located within the sub-family Asclepiadoideae. Two C. rostellatum plas-
tomes, including the plastome assembled in this study, formed a subclade and were sister to the C
thesioides plastome, whereas the other C. rostellatum, which was previously reported one, was located
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within the clade of C. wilfordii and C. bungei.

Cynanchum rostellatum (Turcz.) Liede & Khanum (2016) is a
perennial plant belonging to the Apocynaceae family and
Asclepiadoideae sub-family and has white milky sap and
climbing vines (Khanum et al. 2016) (Figure 1). The root of
this species is widespread and has many buds for vegetative
propagation. In addition, their seeds have feathers for propa-
gation (Kim et al. 2014). This species previously belonged to
the genus Metaplexis and was recognized as Metaplexis
japonica (Thunb.) Makino (1903). However, the genus
Metaplexis was recently merged with the genus Cynanchum
based on molecular evidence of several barcoding regions,
including plastid and nuclear regions (Khanum et al. 2016).
The C. rostellatum has traditionally been used as a medicinal
plant for erectile dysfunction (Wei et al. 2019). Additional
functions such as antibacterial, antioxidant, and nerve cell
protection effects have also been reported (Jamarkattel-
Pandit and Kim 2019; Wei et al. 2019). Moreover, the feathers
on the seeds can separate oil from water, increasing their
industrial value (Wang et al. 2019). Although C. rostellatum is
morphologically similar to other Cynanchum species with
climbing vines, such as C. wilfordii (Kim et al. 2014). This

species can be distinguished from other species by having an
elongated stigma and purple furry petals in flower morph-
ology (Nam and Chung 2018). However, when flowers fall, C.
rostellatum is frequently misidentified as C. wilfordii, one of
the most famous medicinal plants in Korea, especially during
the harvesting season (Kim et al. 2014).

Therefore, molecular data of this species are still required
for species authentication between C. rostellatum and other
Cynanchum species. This study provides information regard-
ing the plastome evolution and intra-species diversity of C.
rostellatum, which is essential for further species authentica-
tion and evolutionary research.

The leaf material of C. rostellatum was collected from
Hoengseong-gun, Kangwon Province, South Korea (37° 29’
40.10783"N, 128° 1/ 29.53267"E), and the specimen was
deposited in the T.B.Lee Herbarium of Seoul National
University  (http://arbor.snu.ackr/eng/, Sook-Hyang  Kim,
jaderei@snu.ac.kr) under the voucher number SNUA00057640.
Genomic DNA was extracted from newly sprouted young
leaves using the GeneAll Exgene plant midi kit (Geneall
Biotechnology Ltd., Seoul, South Korea). Pair-end library
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Figure 1. The specimen and morphology of C. rostellatum. (a) The specimen of C. rostellatum (voucher number: SNUA00057640). (b) The shape of flowers and leaves

of C. rostellatum.

construction was conducted using HiSeq X Reagent Kit
(Ilumina, San Diego, CA), and the insert size of 550bp.
Sequencing was conducted on the Illumina HiSeq X platform
(Lab genomics LLC, Seongnam, South Korea). The total read
length of raw data was 763,415,230 bp. The following infor-
mation describes how the complete plastome was assembled
using the dnaLCW method (Kim et al. 2015). De novo assem-
bly was conducted with trimmed raw data using CLC
Genomics Workbench (version 10.0.3, CLC Inc., Aarhus,
Denmark). Among assembled contigs, plastome sequences
were retrieved, ordered, and merged into a single sequence,
using the C. wilfordii plastome sequence as the reference
(Lee et al. 2022). Remained gaps were closed with SOAP
Gapcloser (http://soap.genomics.org.cn). The average and
minimum read mapping depth of assembled genome were
663.34x and 80x, respectively (Figure S1). Gene annotation
of the plastome sequence was conducted using GeSeq
(Tillich et al. 2017) and then manually curated. The plastome
map was drawn using the CPGView program (http://www.
Tkmpg.cn/cpgview).

For phylogenetic analysis, a total of 38 plastome sequen-
ces were downloaded from the NCBI GenBank. Members of
the subfamily Rauvolfioideae, Rhazya stricta (KJ123753), and
Catharanthus roseus (NC 021423) were used as an outgroup.

From 39 plastome sequences, 50 co-existing protein-coding
genes were selected and merged from each plastome
sequence. Sequences were aligned with the MAFFT (Katoh
and Standley 2013) and trimmed using Gblocks (Talavera and
Castresana 2007). The ModelFinder option of the IQ-TREE
program figured out the best tree model, and the
TVM + F+1+4 G4 substitution model was selected for the ana-
lysis (Nguyen et al. 2015). A maximume-likelihood (ML) tree
was constructed using the IQ-TREE (Nguyen et al. 2015) with
1000 bootstrap replicates. Using in-house Python code,
sequence variations were counted from the aligned sequen-
ces of three C. rostellatum.

The plastome of C. rostellatum was 158,018 bp in length,
organized into a quadripartite structure, including large
single-copy (LSC) (89,058 bp), small single-copy (SSC)
(18,728 bp), and inverted repeat (IR) (25,116 bp) regions. The
GC contents of the LSC, SSC, and IR regions were 36.3%,
32.2%, and 43.1%, respectively. A total of 129 genes were
annotated, consisting of 84 protein-coding genes, 37 tRNA
genes, and eight rRNA genes (Figure 2).

Our phylogenetic analysis indicated that the genus
Cynanchum was monophyletic, and the clade of Cynanchum
included four subclades (Figure 3). Two C. rostellatum plas-
tomes (OM177668 and ON882042) formed a subclade with
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Figure 2. Plastome genome map of C. rostellatum. From the inner circle, the first circle depicts distributed repeats connected by red (forward direction) and green
(reverse direction) arcs, respectively. The following circle displays tandem repeats denoted by short blue bars. The sequences of microsatellites are depicted as short
green bars. The fourth circle displays the sizes of LCS, SSC, and IR. The fifth circle illustrates the distribution of GC contents along the plastome (dark grey: GC con-
tents, light grey: background). The sixth circle displays the genes with colored boxes. The outer and inner colored boxes present transcribed clockwise and counter-

clockwise genes, respectively.

the C. thesioides plastome (MW864598), and the subclade
was sister to other Cynanchum plastomes. The C. chinense
plastome was sister to the clade of C. wilfordii, C. bungei, C.
auriculatum, and one C. rostellatum (OL689165). The plas-
tomes of C. wilfordii and C. auriculatum formed independent
subclades. However, one C. rostellatum plastome (OL689165)
formed a subclade with the C. bungei plastome. The conflict
positions among three C. rostellatum plastomes in the phyl-
ogeny were also supported by the sequence variation ana-
lysis. The result showed that 34 variations (16 SNPs and 18
InDels) were found between two plastomes, OM177668 and
ON882042, whereas 4579 variations (3776 SNPs and 803
InDels) were found between OM177668 and OL689165. The
great intra-specific diversity in C. rostellatum implies the

necessity of further research for this species in terms of gen-
etic diversity and taxonomic treatment. This study provides
fundamental information for further studies on species
authentication of C. rostellatum and the evolution of the
Apocynaceae family.

Ethical approval

This study complies with Seoul National University’'s Research
Ethics Guidelines, relevant institutional, national, and inter-
national guidelines and legislation. Permission was not
required for sample collection in this study. C. rostellatum is
widespread in South Korea and is not listed as a threatened
or endangered species.
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Figure 3. Phylogenetic analysis of C. rostellatum with allied species. A phylogenetic tree was constructed using the maximum-likelihood (ML) method with 1000
bootstrap replicates and 50 common protein-coding gene sequences from the plastome. The red dot represents the assembled plastome sequence in this study.
The clades of species are represented with black lines. GenBank accession numbers are as follows: C. wilfordii KX352467, C. wilfordii KT220733 (Park et al. 2016), C.
bungei 0K271106, C. rostellatum OL689165 (Pei et al. 2022), C. auriculatum KT220734 (Jang et al. 2016), C. auriculatum KU900231, C. chinense MW415427 (Chen and
Zhang 2022), C. rostellatum ON882042, C. thesioides MW864598, Gomphocarpus fruticosus MG678833 (Fishbein et al. 2018), G. physocarpus MG678834 (Fishbein et al.
2018), Calotropis procera MG678914, C. gigantea NC_041431 (Fishbein et al. 2018), Pergularia daemia MG678915 (Fishbein et al. 2018), Biondia insignis NC_042760
(Guan and Zhang 2019), Vincetoxicum shaanxiense NC_046785 (Rao et al. 2018), V. rossicum KF539854 (Straub et al. 2013), Araujia sericifera KF539846 (Straub et al.
2013), Matelea biflora KF539850 (Straub et al. 2013), Tassadia propinqua MG963257 (Fishbein et al. 2018), Metastelma northropiae MG963262 (Fishbein et al. 2018),
Orthosia scoparia KF539851 (Straub et al. 2013), Diplolepis geminiflora MG963258 (Fishbein et al. 2018), Astephanus triflorus KF539847 (Straub et al. 2013), Eustegia
minuta MG678914 (Straub et al. 2013), Hoya liangii NC_042245 (Tan et al. 2018), H. carnosa NC_045868 (Wei et al. 2020), H. pottsii NC_042246 (Tan et al. 2018),
Dischidia albida MG963260 (Fishbein et al. 2018), Marsdenia astephanoides KF539849 (Straub et al. 2013), Gymnema sylvestre NC_047175, Telosma cordata KF539853
(Straub et al. 2013), Sisyranthus trichostomus KF539852 (Straub et al. 2013), Stapelia gigantea MG963259 (Fishbein et al. 2018), Orthanthera albida MG963261
(Fishbein et al. 2018), Rhazya stricta KJ123753, and Catharanthus roseus NC_021423 (Ku et al. 2013).
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