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ABSTRACT

Polyspora axillaris (Roxb. ex Ker Gawl.) Sweet 1825, is a shrub or tree that is about 9 meters tall in the
Theaceae family, mainly distributed in China and Vietnam, and it is widely used as a green tree species
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in many regions owing to its rapid growth and good adaptability. It is rich in various beneficial extracts

for humans, but there are limited studies on it. In this study, we sequenced and annotated the com-
plete plastome of P. axillaris. The chloroplast genome length of P. axillaris is 156,770 bp, with a total of
132 genes, including 37 tRNA genes, 8 rRNA genes and 87 protein-coding genes. The complete chloro-
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plast genome of P. axillaris contains two Inverted Repeats (IRs) of 26,077 bp, a Large Single-Copy (LSC)
region of 86,286 bp and a Small Single-Copy (SSC) region of 18,330 bp. The overall G/C content in the
chloroplast is 37.3%. Phylogenetic inference shows that P. axillaris formed a sister relationship with P.
hainanensis, along with 10 Theaceae species. The research result of P. axillaris will contribute to the
genetic preservation of the species and the phylogenetic study of Polyspora.

Introduction

Polyspora axillaris (Roxb. ex Ker Gawl.) Sweet 1825, is a shrub
or tree that is about 9 meters tall in the Theaceae family,
mainly distributed in China and Vietnam (Ming and
Bartholomew 2007; Nguyet et al. 2020). It grows rapidly and
is adaptable, so it is widely used as a greening tree (Qin
1990; Fan et al. 2021; Fan et al. 2023). P. axillaris not only has
ecological value, but also has health value. The extracts from
its roots, stems, and fruits have antiviral and preventive
effects on cardiovascular and cerebrovascular diseases
(Li et al. 2017, 2019; Fan et al. 2021). However, although
P. axillaris has many valuable values, the research on it is still
insufficient. Based on this, we reports the complete plastome
of P. axillaris, with the aim of improving the quality of related
collection and phylogenetic research on Polyspora Sweet
plants.

Materials

The fresh leaves of Polyspora axillaris was sampled from the
Jianfengling in Hainan, China (108.79°E, 18.69°N) (Figure 1).
The voucher specimen (voucher code: D. J. Chen, X. R. Ke,
SK19, HUTB) was deposited at Hainan University, Hainan
province, China (contact person Hua-Feng Wang, hfwang@
hainanu.edu.cn).

Methods

Total genomic DNA extraction was performed using the
cetyltrimethylammonium bromide (CTAB) protocol (Doyle
and Doyle 1987). Subsequently, we constructed a paired-end
libraries with insertion fragment sizes of 200-400bp using
genomic DNA of the selected samples. The sequencing work
of these libraries was completed on the BGISEQ-500 platform
of BGI in Shenzhen, China. The original read data was
trimmed using SOAPfilter_v2. 2. Approximately 5 Gbp paired-
end sequencing data were used for chloroplast genome
assembly through GetOrganelle v1. 7. 5. 0 (Jin et al. 2020). To
verify the accuracy of assembly, we compared the sequenc-
ing data with the assembled chloroplast genome using
HISAT 2. 1. 0 (Kim et al. 2019), and statistically analyzed the
sequencing depth of each site using SAMtools 1. 19. 2
(Danecek et al. 2021). In terms of gene annotation, we used
Geneious Prime v2022. 1. 1 (Kearse et al. 2012) with reference
to the chloroplast of Polyspora axillaris (NC_035645) and
manually validated the results to detect potential errors. For
gene structures that are difficult to annotate, such as cis and
trans splicing genes, identification was carried out using
CPGView online website(http://www.1kmpg. cn/cpgview, Liu
et al. 2023). The complete chloroplast genome loop diagram
was drawn by OGDRAW version 1. 3. 1 (Greiner et al. 2019).
In order to understand the phylogenetic relationship
between P. axillaris and related species, we reconstructed a
phylogenetic tree using the maximum likelihood (ML)
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Figure 1. Photograph of polyspora axillaris (the photograph was taken by the
author in jianfengling of Hainan, China). The specimen was stored at herbarium
of Hainan university (http://en. hainanu. edu. cn/, contact person Hua-Feng
wang, hfwang@hainanu. edu. cn) under the voucher number D. J. Chen, X. R.
Ke, SK19, without any copyright issues. The leaves in the axils exhibit an
inverted oval to oblanceolate shape, characterized by a hairless appearance at
6-14cm X 2. 5-4cm, with a dark green dorsal surface. Flowers are individual
or paired.

method based on the complete chloroplast genome of P.
axillaris, 5 other Polyspora species and 6 Camellia species,
with Pyrenaria khasiana (NC_035644) as the outgroup (Table
S1). All sequences were aligned by MAFFT (Katoh and
Standley 2013)and trimmed by Gblocks (Talavera and
Castresana 2007). Maximum likelihood phylogenies were
inferred using IQ-TREE (Guindon et al. 2010; Nguyen et al.
2015) in PhyloSuite (Zhang et al. 2020) for 5000 ultrafast
(Minh et al. 2013) bootstraps. In ML analysis, IQ-TREE was
used with 1,000 bootstrap replicates automatically without
setting specific models. The results were visualized by iTOL
(https://iTOL. embl. de/) (Letunic and Bork 2016).

Results

The minimum and average read mapping depths for
assembled genomes were x41, and x476, respectively(Figure
S1)The chloroplast genome length of Polyspora axillaris is
156,770 bp, with a total of 132 genes, including 37 tRNA
genes, 8 rRNA genes(4. 55 rRNA, 55 rRNA, 16S rRNA and 23S
rRNA) and 87 protein-coding genes. And the complete
chloroplast of P. axillaris contains two Inverted Repeats (IRs)
of 26,077 bp, a Large Single-Copy (LSC) region of 86,286 bp
and a Small Single-Copy (SSC) region of 18,330 bp (Figure 2).
Eight protein-coding genes are duplicated in the IR. Seven
tRNA genes are duplicated in the IR. Four rRNA genes are
duplicated in the IR. Among them, 11 genes (rsp16, atpF,
rpoC1, ycf3, clpP, petB, petD, rpl16, rp12, ndhB, and ndhA)
are cis-splicing gene, and rps12 is also a trans-splicing gene
(Figures S2 and S3). The overall G/C content in the chloro-
plast is 37. 3%, of which the corresponding value for the LSC,
SSC, and IR regions are 35.3%, 30.5%, and 43%, respectively.
The annotated complete chloroplast genome of P. axillaris
was submitted to GenBank (accession number OR863388).

The raw reads were deposited in the NCBI Sequence Read
Archive (accession number SRR27011443).

The alignment results of these 13 sequences are displayed
in MEGA11 (Tamura et al. 2021). Figure S4 is a partial screen-
shot of multiple sequence alignment. And the results of
phylogenetic research based on ML indicate that P. axillaris
belongs to the genus polyspora in the Theaceae family. And
Compared with other species, P. axilaris has a closer genetic
relationship with P. hainanensis (Figure 3). The phylogenetic
tree in a Newick text format is as supplementary file. Most
nodes in the maximum likelihood (ML) tree of the Theaceae
family plastomes are highly supported. In addition, the plas-
tome sequence of P. axillaris will be beneficial for the phylo-
genetic research related to the Theacea family, deepening
the understanding of the complex relationships among
Theaceae plants.

Discussion and conclusions

CP genome analysis has been used to study the genetic
diversity of plant species. However, there is limited know-
ledge about the CP genome of Polyspora, especially about
Polyspora axillaris. Therefore, we sequenced the complete
plastome of P. axillaris. The genomic structure of P. axillaris
consists of a pair of IRs, a SSC region, and a LSC region that
is similar to the majority of species in Theaceae, especially it
has a stronger similarity with the Polyspora species (Fan and
Ma 2022; Fan et al. 2024). We analyzed the cp genomes of
P. axillaris and five other Polyspora species, which showed a
same number of genes, CDS, tRNA, and rRNA. And the cp
genomes of six Chinese Polyspora species varied in length
between 156,452bp (P. chrysandra) and 157,066 bp (P. spe-
ciosa), which is Consistent with Fan and Ma (2022) and Fan
et al. (2024) research findings. However, compared to the six
species in the Camellia genus, we found that the similarity in
gene and tRNA numbers between them was not as strong.
And basically speaking, the number of genes in the chloro-
plast genome of Camellia species is 1-2 more than that of
Polyspora species (Table S2). Perhaps during the evolutionary
process, these 1-2 genes were the reason for the emergence
of the genus Polyspora and Camellia.

In this study, we also reconstructed a phylogenetic tree
using the sequenced chloroplast genomes of P. axillaris, as
well as the chloroplast genome sequences of 5 other
Polyspora species and 6 Camellia species (these sequence all
downloaded from NCBI), confirming the close genetic rela-
tionship between the Polyspora and Camellia genus. P. pen-
tangensis is located at the bottom of the genus Polyspora,
while P. speciosa, P. axillaris and P. hainanensis, P. chrysandra
and P. dalgleishiana formed three branches within the genus.
This is similar to the results of Fan and Ma (2022) using
chloroplast and ribosomal 18-26S rRNA data to construct a
phylogenetic tree of the Theaceae family.

In summary, compared with previous research, we focus
on analyzing the whole chloroplast genome sequence of P.
axillaris and confirming its evolutionary position in the genus
Polyspora. The chloroplast genome produced in our study
provides additional genomic resources for the evolution
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Figure 2. Gene map of polyspora axillaris chloroplast genome. The circular chloroplast genome map displays 132 genes, including 37 tRNA genes and 8 rRNA genes,
as well as 87 protein coding genes. The arrow inside the circle indicates the transcription direction of the gene inside the circle (clockwise). The arrow outside the
circle indicates the transcription direction of the gene outside the circle (counterclockwise direction). The light gray line inside the circle represents the at content,
and the dark gray area represents the GC content. At the bottom, genes from different functional groups are explained in various colors.

research of the chloroplast genomes in the Polyspora genus.
We hope our research results can deepen understanding of
P. axillaris and promote the phylogenetic study of Theaceae.
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Figure 3. Maximum likelihood phylogenetic tree based on the complete chloroplast genomes of 12 species of theaceae, with pyrenaria khasiana (NC_035644) as
the outgroup. Numbers on the nodes are bootstrap values from 1000 replicates. All sequences were downloaded from NCBI's GenBank. The sequences used to build
the tree is as follows: P. hainanensis (NC_035693, Yu et al. 2017), P. chrysandra (MW801387, Fan and Ma 2022), P. dalgleishiana (NC_035648, Yu et al. 2017),
P. speciosa (NC_035643, Yu et al. 2017), P. penangensis (NC_059950), camellia pitardii (NC_022462, Yang et al. 2013), camellia reticulata (NC_024663, Huang et al.
2014), camellia amplexifolia (NC_061610), camellia cuspidata (NC_022459, Yang et al. 2013), camellia ptilophylla (NC_038198), camellia granthamiana (NC_038181),
pyrenaria khasiana (NC_035644, Yu et al. 2017). The chloroplast genome of polyspora axillaris is displayed in red and the NCBI GenBank accession numbers are

shown in parentheses.
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