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ABSTRACT 
In this study, we studied the complete chloroplast (cp) genome of Carpesium longifolium F. H. Chen & 
C. M. Hu 1974. The results indicated that the cp genome had a typical circular structure of 151,260 bp 
in length. A total of 127 genes were identified, including 36 tRNA genes, 8 rRNA genes and 83 protein- 
coding genes, with the GC content of 37.7%. Phylogenetic analysis revealed the systematic position of 
C. longifolium is sister to C. cernuum and C. faberi. For the identification and phylogenetics study of the 
genus, the chloroplast genome sequence of C. longifolium provides a useful genetic resource.
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Introduction

Carpesium L. is a genus of the Asteraceae family with benefi-
cial medicinal value. About 21 species of Carpesium are 
majorly distributed in the Eurasian continent (Li et al. 2011; 
Yang et al. 2014). Seventeen species and 3 variety species of 
Carpesium found in China, mainly distributed in the 
Southwest of China (Shi et al. 2022). The plants of genus 
Carpesium, such as C. abrotanoides, C. cernuum, and 
C. divaricatum has been widely used as a folk medicine in 
treating mumps, folliculitis, toothache, colds, and fever 
(Zhang et al. 2015; Yang 2016). Carpesium longifolium F. H. 
Chen & C. M. Hu 1974 is mainly distributed in Gansu, 
Guizhou, Hubei, Shaanxi, Sichuan, growing in moist forests, 
riversides and grasslands at an altitude of 600-2300 meters.

In comparison to nuclear and mitochondrial genomes, the 
chloroplast genome offers significant advantages for genetic 
and phylogenetic analyses, attributable to its stable genetic 
structure, relatively compact size, and moderate nucleotide 
substitutions (Jansen et al. 2007; Daniell et al. 2016). In many 
angiosperms, the cp genome is usually a quadruplex, consist-
ing of 2 inverted repeat regions (IRs), a large single-copy 
region (LSC), and a small single-copy region (SSC), with the 
IR regions separating the LSC and SSC regions (Palmer 1985). 

To date, the chloroplast genomes of C. longifolium remains 
uncharacterized. In this study, we sequenced, assembled, and 
analyzed the complete chloroplast genome of C. longifolium, 
and investigated the phylogenetic relationship within the 
genus Carpesium.

Materials and methods

The species of C. longifolium was collected from Baisha River 
in Ya’an City, Sichuan Province, China (29.9859310 N, 
103.0087944E) (Figure 1). The voucher specimen of Chenhui 
no. 188 has been deposited in the botanical herbarium of 
Sichuan Normal University (SCNU) (https://bio.sicnu.edu.cn/; 
contact person: Dr. Zhixi Fu, email: fuzx2017@sicnu.edu.cn). 
The species were harvested, and the fresh leaves were 
promptly preserved at −80 �C till examination. Total genomic 
DNA was extracted from fresh leaves using the CTAB DNA 
extraction protocol (Allen et al. 2006). The Illumina Paired- 
End DNA Library Kit (Illumina Inc. San Diego, CA, USA) was 
utilized to construct DNA libraries. Sequencing of the quali-
fied library was performed on the Illumina NovaSeq 6000 
platform (NovoGene Inc., Beijing, China), with a read length 
of 150 bp. Last, the Illumina Genome Analyzer (Hiseq 2000, 
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Figure 1. The photos of Carpesium longifolium were taken by Dechang, Meng without any copyright issues. Panel a shows a panorama and panel B shows a detail. 
The plant’s coordinate is 29.9859310 N, 103.0087944E. It’s a perennial herb 50 to 100 cm in height with base woody and upper branched and lanceolate leaves 
measuring 8-15� 1.5-3 cm. Capitula spicately arranged, axillary or terminal, terminal one lanceolate bracteal leaves, involucre hemispheric 4, marginal florets 3- or 
4-seriate, corolla tubular, disk florets tubular. Bloom in the July to September. This plant thrives in moist forests, riversides and grasslands at an altitude of 600-2300 
meters.

Figure 2. Circular gene map of the chloroplast genome of Carpesium longifolium. Genes drawn within the circle are transcribed clockwise, while those drawnoutside 
are transcribed counterclockwise. Genes are color-coded according to their functional groups. Inner circle represents GC content.
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Illumina, San Diego, CA, USA) was used to get the original 
sequence.

In this study, SPAdes v3.10.1 software was employed to 
assemble high-quality data using default parameters (Bankevich 
et al. 2012). To assess the accuracy of assembly, this study 
used BWA (version v0.7.17) to generate depth of coverage 
(Figure S1) (minimum depth ¼ 36 x; maximum depth ¼ 3600; 

average depth ¼ 168.59 x) (https://www.protocols.io/view/gen-
erating-sequencing-depth-and-coverage-map-for-o-4r3l27jkxg1y/ 
v1). Subsequently, chloroplast genome sequences were anno-
tated using PGA (Qu et al. 2019) with the results verified through 
Geneious R11 (Kearse et al. 2012) and manually adjusted as 
necessary. The annotation result was visualized using the 
CPGview program (Figure S2, S3) (Liu et al. 2023). The study 

Figure 3. The best maximum likelihood (ML) phylogram inferred from 29 chloroplast genomes (bootstrap value are indicated on the branches) the specie marked 
in red is the newly sequenced species in this study. The bloded species is the newly sequenced species. The following sequences were used: Anthriscus cerefolium 
Hoffm. GU456628 (Downie and Jansen 2015), Kalopanax septemlobus (Thunb.) koidz. NC022814 (Li et al. 2013), Litothamnus nitidus (DC.) W.C.Holmes MT793848 
(Thode et al. 2021), Chromolaena odorata (L.) R. M. King & H. Robinson NC050055 (Quan and Li 2020), adenostemma lavenia (L.) O. Kuntze NC060303 (unpublished), 
ageratina fastigiata (kunth) R.M.King & H.Rob. MT793847 (Thode et al. 2021), Stevia rebaudiana (bertoni) Bertoni OM927972 (unpublished), Pluchea indica (L.) less. 
MG452144 (Zhang et al. 2017), Conyza bonariensis (L.) cronq. KX792499 (unpublished), Aztecaster matudae (Rzed.) G.L.Nesom KX063935 (Vargas et al. 2017), 
Baccharis genistelloides (Lam.) Pers. KX063864 (Vargas et al. 2017), soliva sessilis ruiz & pav. KX063863 (Vargas et al. 2017), Chrysanthemum indicum L. JN867589 
(unpublished), Anaphalis sinica hance KX148081 (unpublished), leontopodium leiolepis nakai KM267636 (unpublished), Carpesium abrotanoides L. MT663326 (unpub-
lished), Dendrosenecio keniodendron (R.E.Fr. & T.C.E.Fr.) B.Nord. KY434193 (unpublished), Jacobaea vulgaris gaertn. HQ234669 (Doorduin et al. 2011), Taraxacum offici-
nale F. H. Wigg. KU361241 (Kim et al. 2016), Sonchus oleraceus L. MG878405 (Hereward et al. 2018), Lactuca sativa L. AP007232 (unpublished), Saussurea polylepis 
Nakai MF695711 (Yun et al. 2017), Centaurea diffusa Lam. KJ690264 (unpublished), Galinsoga quadriradiata ruiz et pav. KX752097 (unpublished), Eupatorium fortunei 
turcz. OK545755 (unpublished), Carpesium faberi C. Winkl. OM302258 (unpublished), Carpesium cernuum L. OM302257 (Shi et al. 2022), Carpesium lipskyi C. Winkl. 
OR004472 (unpublished), Carpesium longifolium F. H. Chen & C. M. Hu OQ555798 (the sequenced species).
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downloaded 28 chloroplast genome sequences from the 
GenBank database, which were subsequently imported into 
MAFFT v7.520 software (Katoh and Standley 2013) for multiple 
comparisons. Maximum likelihood (ML) analysis of phylogenetic 
connection reconstruction with RAxML (Stamatakis 2014) with 
GTRGAMMA model on the CIPRES (Miller et al. 2010). To deter-
mine the bootstrap values (BS) for each node in the phylogenetic 
tree, 1000 bootstrap repeats were conducted, with the remaining 
parameters set to their default settings.

Results

The complete cp genome sequence of C. longifolium was 
151,260 bp in length and had a typical quadripartite structure 
observed in most land plants (Figure 2). A pair of 24,952 bp 
IR regions (IRa and IRb) divided the 82,918 bp LSC and 
18,438 bp SSC regions found in the cp genome. The GC con-
tent of the cp genome of C. longifolium was 37.7% overall 
GC content. A total of 127 unique genes were annotated, 
consisting of 83 protein-coding genes, 36 tRNA genes, and 
four rRNA genes. 11 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).

The chloroplast genome sequences were used to perform-
ing the phylogenetic analyses. For the phylogenomic inference, 
a total of 27 complete Asteraceae plastome sequences and 
two outgroup plastomes (Kalopanax septemlobus Koidz. and 
Anthriscus cerefolium Hoffm.) were employed. Phylogenomic 
analysis showed that C. longifolium was sister to C. lipskyi, 
C. cernuum and C. faberi with a full support value (Figure 3). 
Carpesium and Stevia rebaudiana clustered into a clade sup-
ported by a bootstrap value of 100%.

Discussion and conclusions

This study examined the characteristics, composition, and struc-
ture of the chloroplast genome of C. longifolium. As a result, it 
was demonstrated that C. longifolium had the characteristic 
quadripartite structure prevalent in vascular plants. The chloro-
plast genomes are circular DNA molecules ranging in size from 
120 to 170 kb, exhibiting highly conserved structures and 
organization in the majority of terrestrial plants (Wicke et al. 
2011; Mehmood et al. 2020). C. longifolium showed relative 
conservation in genome size and gene content.

Previous studies on Carpesium classification used one to 
several molecular markers, such as ITS, ETS, ndhF, trnL-F and 
trnH-psbA sequences, suggesting that Carpesium has a poly-
phyletic nature (Englund et al. 2009; Nylinder and Anderberg 
2015). The phylogenetic tree showed that the species of 
Carpesium clustered in a clade in phylogenetic evolution with 
100% support values, closely related to genera such as Stevia. 
The classical taxonomic approach places C. cernuum and 
C. lipskyi in the Sect. Carpesium and C. faberi and C. longifo-
lium in the Sect. Abrotanoides (Ling et al. 1985). However, 
this study found that C. longifolium was more closely related 
to C. lipskyi, deviating from the traditional morphological 
classification method. Further research is required to 

determine whether the traditional taxonomy accurately 
reflects the relationships among the species within this 
genus. There is a serious lack of available complete chloro-
plast genome sequence data. Consequently, additional stud-
ies on the complete chloroplast genome of this genus are 
essential to accurately analyze the affinities among its 
species.
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