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ABSTRACT

Jacobaea cannabifolia is a widely used medicinal plant. The total length of the chloroplast genome was
151,390 bp, and it comprised a large single-copy (LSC, 83,432bp) region, a small single-copy (SSC,
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18,304 bp) region, and a pair of inverted repeats (IRs, 49,654 bp). A total of 130 coding genes were

annotated, including 88 protein-coding genes, 8 rRNA genes, and 34 tRNA genes. A phylogenetic tree
was showed that J. cannabifolia and other species of the same genus clustered together.

Introduction

Jacobaea cannabifolia (Less.) E.Wiebe. commonly known as
Fanhuncao, is a perennial herb of the Jacobaea genus in the
Asteraceae family and is widely distributed in China, Japan,
the Korean Peninsula, and the Russian Far East. The water
extract of this plant is used to prepare Feining granules,
which contain flavonoids, phenolic acids, and alkaloids and
are clinically used in the treatment of cough, asthma, and
acute and chronic inflammation of the lungs (Yan et al. 2009;
Tao et al. 2012). This genus also contains hepatotoxic pyrroli-
zidine alkaloids (Hongyan et al. 2011; Yang et al. 2011).
Previous studies have confirmed that there are differences in
the types and contents of alkaloids in Jacobaea plants (Zhou
et al. 2010). Therefore, different plants as pharmaceutical raw
materials affect the efficacy and safety of drugs. In recent
years, the chloroplast genome of Jacobaea species has been
sequenced (Doorduin et al. 2011; Zhang and Gong 2023), but
sequencing of the chloroplast genome of J. cannabifolia has
not yet been reported. Therefore, decoding the chloroplast
genome of J. cannabifolia and phylogenetic analysis of
related species will help determine the phylogenetic relation-
ship of J. cannabifolia in Asteraceae and provide a guarantee
for drug safety.

Materials and methods

We collected 509 yound and healthy leaves of J. cannabifolia
in the Botanical Garden of Heilongjiang University of Chinese
Medicine, Harbin, Heilongjiang province, China (45°73'08"N,
126°65'65"E) (Figure 1). The plant samples and DNA are
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stored in the Department of Pharmacy, the First Affiliated
Hospital of Heilongjiang University of Chinese Medicine under
voucher number FHC20230701001(http://www.hljzy.org.cn/
index.html; contact: Su Xiaoyue; suxiaoyuel1216@163.com).
Total genomic DNA was extracted from the leaf tissue using a
Plant Genomic DNA Kit following the manufacturer’s instruc-
tions (TIANGEN, China). The isolated genomic DNA was used
to construct a paired-end library (PE) with a mean insert size
of 500 bp using the NEB DNA Library Rapid Prep Kit (Ipswich,
MA, USA), followed by sequencing on an Illlumina HiSeq 3000
platform. The de novo assembly of the J. cannabifolia chloro-
plast genome was performed using GetOrganelle v1.7.5 (Jin
et al. 2020), of which the detailed information for assembling
is shown in Figure S1, and CPGAVAS2 (Shi et al. 2019) was
used for the chloroplast genome annotation. Finally, the
genome map was drawn using CPGView (Liu et al. 2023). The
genome was deposited in the National Genomics Data Center
(accession no. C_AA051578.1).

To identify the phylogenetic position of J. cannabifolia, a
maximum likelihood phylogenetic tree was constructed
based on 16 complete chloroplast genomes of Senecioneae
species. All sequences were obtained from NCBI GenBank. All
complete chloroplast genome nucleotide sequences were
aligned in PhyloSuite v1.2.2 (Zhang et al. 2019), and used to
perform ML inference in IQ-TREE v1.6.12 (Lanfear et al. 2020).

Results

The total length of J. cannabifolia chloroplast genome was
151,390 bp. The chloroplast genome had a circular tetrad
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Figure 1. Image of Jacobaea cannabifolia (photoed by Xiaoyue Su). (a) Plant of J. cannabifolia. (b) Flowers. (c) Leaf. .
structure consisting of a large single-copy region of 83,432bp, a small single-copy region of 18,304 bp, and two
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Figure 2. The J. cannabifolia chloroplast genome map. The map contains the core area and two tracks. The basic information of the cp genome is shown in the
core area. The GC content along the genome is plotted on the inner track. The functional genes are shown on the outer circle, and different functional categories
are identified by different colors.
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Figure 3. Maximum likelihood phylogenetic tree of J. cannabifolia and other 16 close plant species constructed using their complete chloroplast genome
sequences. The bootstrap support value for each node is shown on the branch. The accession number of the chloroplast genome of each plant species is shown.
The following sequences were used: S. vulgaris NC_046693 (Mei et al. 2021), S. keniophytum MH483946 (Gichira et al. 2019), S. purtschelleri MH483947 (Gichira
et al. 2019), S. roseiflorus MH483948 (Gichira et al. 2019), S. moorei MH483949 (Gichira et al. 2019), S. schweinfurthii MH483950 (Gichira et al. 2019), P. hybrida NC_
031898 (Wang et al. 2018), E. sonchifolia MZ677242 (Siu et al. 2023), F. japonicum MT929248 (Gu et al. 2021), C. rhodocephalum OM386859 (Zhong et al. 2023), C.
nervosum OM386858 (Zhong et al. 2023), C. brunneopilosum OM386856 (Zhong et al. 2023), C. ellisii OM386857 (Zhong et al. 2023), C. arnicoides OM386855 (Zhong
et al. 2023), J. vulgaris HQ234669 (Doorduin et al. 2011), J. maritima OL960706 (Zhang and Gong 2023), J. vulgaris NC_015543 (Doorduin et al. 2011), J. maritima

NC_061967 (Zhang and Gong 2023).

repeat regions of 49,654 bp (Figure 2). The GC content of the
whole genome was 37.3%, and the GC content of the SSC,
LSC, and IR regions were 30.5%, 35.4%, and 43%, respectively.
The chloroplast genome encoded 130 genes, including 88
protein-coding, eight rRNAs, and 34 tRNA genes. Twenty
genes contained introns, and ycf3 and cIpP contained two
introns. Twelve cis-splicing genes and the trans-splicing gene
rps12 were identified, and their structures are shown in
Figure S2 and Figure S3.

To further understand the relationship between J. cannabi-
folia and other species of the Asteraceae family, we con-
structed a phylogenetic tree that included 16 closely species.
The results showed that J. cannabifolia clustered with other
Jacobaea species and could be distinguished from related
genera. Further investigation of J. cannabifolia at the inter-
and intraspecies levels would further our understanding of
the relationship between Jacobaea species.

Discussion and conclusion

We sequenced the chloroplast genome of J. cannabifolia for
the first time. J. cannabifolia had a conserved tetrad structure
with a total length of 151,390bp, encoding 129 genes.
Genome length and gene number were similar to those of
other species of the same genus that have undergone
chloroplast genome sequencing. The phylogenetic tree
results supported that J. cannabifolia was more closely
related to other species of Jacobaea genus and also proved
that Jacobaea can be well distinguished from other genera.

Our phylogenetic findings generally concurred with the
earlier research (Zhang and Gong 2023). Our results provide
an essential genetic resource for taxonomic and related stud-
ies of Jacobaea. In the future, we will sequence the chloro-
plast genome of other species and investigate their
evolutionary patterns, which will help in medicinal
development.
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