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ABSTRACT 
The species of Carpesium lipskyi C.Winkl. 1998 is an important traditional Chinese medicine in China. In 
this study, the complete chloroplast (cp) genome of C. lipskyi was determined and analyzed. The result 
showed that the complete cp genome of C. lipskyi was 151,244 bp in length, consisting of a large sin-
gle-copy (LSC) region of 82,908 bp, a small single-copy (SSC) region of 18,430 bp, and a pair of inverted 
repeats (IRs) of 24,953 bp. The overall GC content of the C. lipskyi is 37.68%. The species of C. lipskyi 
possessed 127 genes, including 83 protein-coding genes, 36 transfer RNA genes, and eight ribosomal 
RNA genes. The present study found that Inula is sister groups with the closest genetic relationship. 
The obtained knowledge could provide useful information for future phylogenetic, taxonomic, and evo-
lutionary studies on Inuleae.
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Introduction

The genus Carpesium (Asteraceae) includes approximately 21 
species worldwide. These plants are mostly perennial herbs, 
such as Carpesium lipskyi (Chen and Anderberg 2011). Most 
of them are distributed across Asia and Europe, particularly 
in the mountainous areas of Southwest China, and 17 species 
are in China (Chen and Anderberg 2011; Shi, Hou, et al. 2022; 
Shi, Xu, et al. 2022; Zhong et al. 2022). It was mainly distrib-
uted in Gansu, Qinghai, Sichuan, Yunnan province and 
growed in forest margins and hillside thickets at altitudes of 
2000–3500 m (Chen and Anderberg 2011). It has served as a 
folk medicine for the treatment of sore throat, stomachache 
and insect and snake bites (Chen and Anderberg 2011).

The complete chloroplast (cp) genomes present an effect-
ive means of improving the rate of species identification and 
has been developed as a tool for plant phylogenetic studies 
at different taxonomic levels (Jansen et al. 2007; Parks et al. 
2009; Gitzendanner et al. 2018). Several studies have reported 
the complete cp genomes of Asteraceae (Vargas et al. 2017; 
Zhang et al. 2021; Liu et al. 2023). Previously, some sequen-
ces of C. lipskyi such as ndhF, matK have been reported and 
studied (Chen et al. 2016). To date, the cp genome of C. 

lipskyi has not been reported and analyzed. Here, we 
sequenced the cp genomes of C. lipskyi, to conduct compre-
hensive research on the Carpesium cp genome, and serve as 
a reference for subsequent phylogenomic studies of the 
Carpesium.

Materials and methods

The healthy and fresh leaves of C. lipskyi (Figure 1) were col-
lected from Chuanzhu Temple, Songpan County, Sichuan 
Province (103�34043.1200E, 32�47042.9000N, alt. 3101 m). The 
voucher specimens were deposited in the herbarium of 
Sichuan Normal University, China (SCNU) (https://bio.sicnu. 
edu.cn/; contact person: Dr. Zhixi Fu, email: fuzx2017@sicnu. 
edu.cn), under the voucher number: FZX1088. Total genomic 
DNA was obtained using the CTAB method (Doyle and Doyle 
1987). We follow the Illumina DNA Library Construction 
Guide to complete paired-end DNA library construction 
(Allen et al. 2006). The complete cp genome was sequenced 
on the Illumina HiSeq XTen platform (San Diego, CA).

In this study, SPAdes v3.10.1 software was used to assem-
ble high-quality data by default parameters (Bankevich et al. 
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2012). To check the accuracy of assembly, this study used 
BWA (version v0.7.17) to generate depth of coverage (https:// 
www.protocols.io/view/generating-sequencing-depth-and- 
coverage-map-for-o-4r3l27jkxg1y/v1). Then, the cp genome 
sequence was annotated by PGA (Qu et al. 2019) and the 
result was checked by Geneious R11 (Kearse et al. 2012) and 
manually adjusted as needed. We further used CPGView 
(http://47.96.249.172:16085/cpgview/view) to improve annota-
tion, visualize the structure of the cp genome, and identify 
gene structures, including cis-splicing and trans-splicing (Liu 
et al. 2023). The genome sequence of C. lipskyi has been 
deposited in GenBank (accession numbers: NC080873 and 
OR004472).

The phylogenetic analysis of the complete cp genomic 
dataset of 26 species was performed using the ML method 
implemented in RAxML. The species of Anthriscus cerefolium 
Hoffm. (GU456628) and Kalopanax septemlobus (Thunb.) 
Koidz. (NC022814) were selected as outgroups. These cp gen-
ome sequences were imported into MAFFT v7.520 software 
(Katoh and Standley 2013) for multiple comparisons, and the 
phylogenetic tree was constructed using CIPRES (https:// 
www.phylo.org/), with maximum-likelihood (ML) method 
based on the GTRGAMMA model, and the bootstrap was set 
to 1000 (Stamatakis et al. 2008).

Results

The complete cp genome of C. lipskyi was 151,244 bp in size. 
The cp genome of C. lipskyi displayed a common quadripar-
tite structure consisting of inverted repeats (IRs) (24,953 bp), 
large single-copy (LSC) region (82,908 bp), and small single- 
copy (SSC) region (18,430 bp), respectively (Figure 2). The 
entire coverage depth of Carpesium lipskyi cp genome is 
good (Figure S1). Overall, GC content of the C. lipskyi cp gen-
ome was 37.68%, and the GC content of the SSC and LSC 
regions was 31.34% and 35.87%. Each IR region was relatively 
rich in GC-rich rRNA genes and tRNA genes. The GC content 
of the IR region was 43.04%, which was significantly higher 
than that of the LSC and SSC regions. The species of C. lipskyi 
possessed 127 unique genes, including 83 protein-coding 
genes, 36 tRNA genes, and eight rRNA genes. Eleven genes 
including rps16, rpoC1, atpF, petB, petD, rpl16, rpl2, ycf3, ndhB, 

clpP, and ndhA are cis-splicing genes; ycf3 and clpP had two 
copies (Figure S2). The rps12 is a trans-splicing gene 
(Figure S3).

In this study, 26 cp genome sequences and measured cp 
genome sequence of C. lipskyi were used to construct the ML 
evolutionary tree. The phylogenetic tree analysis revealed 
that Carpesium and Inula were sister groups (BS ¼ 100%). 
Carpesium was divided into three main lineages, the new 
sequence C. lipskyi clustered with C. faberi C.Winkl. and C. 
cernuum L. (Figure 3).

Discussion and conclusions

The complete cp genome of C. lipskyi is analyzed based on 
second-generation high-throughput sequencing technology 
and bioinformatics analysis. The results showed that the com-
plete cp genomes of C. lipskyi possessed a typical quadripar-
tite structure. The cp genome of C. lipskyi is found to be a 
typical circular DNA molecule (151,244 bp) long, which is con-
sistent with the currently reported cp genomes varying in 
size between 140,000 bp and 160,000 bp in angiosperms 
(Bock et al. 2014; Vargas et al. 2017;  Smith 2015). The spe-
cies of C. lipskyi is clustered with other species of Inuleae to 
form a highly supported clade (BS ¼ 100%), which is consist-
ent with previous results (He et al. 2022; Shi, Hou, et al. 2022; 
Shi, Xu, et al. 2022).

The study provides genomic information of C. lipskyi and 
provides new insights into the phylogenetics and evolution 
of Carpesium and also shed the lights on the genetic diversity 
of wild germplasm resources of Carpesium.
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Figure 1. The morphological characteristics of C. lipskyi. (A) Leaves and (B) capitula, respectively. Herbs, perennial; rhizome prostrate; leaves blade elliptic or spatu-
late; marginal florets narrowly funnelform, disk florets 3–3.5 mm. These photos were taken by Gang Fu in Chuanzhu Temple, Songpan County, Sichuan Province, 
September 2020 without any copyright issues.
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Figure 2. Circular map of C. lipskyi. The map of complete chloroplast genome was generated using CPGView (http://www.1kmpg.cn/cpgview). The map consists of 
six tracks. From the center to the outer, the first track shows dispersed repeats connected by red and green arcs indicating the direction (forward and reverse, 
respectively). The second track shows long tandem repeats as blue bands, and the third track shows short tandem repeats or microsatellites as green bands. The 
fourth track represents the GC content along the plastome. Finally, the sixth track represents the genes as colored boxes, the inner boxes present clockwise tran-
scription, and the outer boxes present counterclockwise transcribed genes. The optional codon usage bias is displayed in the parenthesis after the gene.
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