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ABSTRACT

Castanopsis orthacantha Franch. 1899 is one representative tree species distributed in the evergreen
broad-leaved forests of southwestern China. This species is an important source of timber for manufac-
turing furniture, floors, and paper. It also plays a significant role in maintaining ecological balance and
stability. To help with the genetic diversity assessment of C. orthacantha, we sequenced and assembled
the first complete chloroplast genome. The length of the chloroplast genome was 160,588 bp, with a
typical quadripartite structure (GenBank accession no. OR900101). The large single-copy (LSC), small sin-
gle-copy (SSC), and two inverted repeats (IRs) were 90,237 bp, 18,953 bp, and 25,699 bp in length,
respectively. We annotated one hundred and thirty genes across the chloroplast genome, including 86
protein-coding genes (79 are unique), 37 tRNA genes (29 are unique), and eight rRNA genes (four are
unique). Seventeen genes had one intron, and four were detected with two introns. The maximum like-
lihood phylogeny suggested that C. orthacantha, C. lamontii, C. sclerophylla, and C. hainanensis formed
a clade with a high bootstrap value. This newly sequenced chloroplast genome assembly will aid in
the population genetic and phylogenetic studies of Castanopsis species in the future.
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Introduction study, we sequenced and assembled the complete chloro-
plast genome sequence of C. orthacantha, which could help
the phylogeographic and population genetic study of this

species.

The Castanopsis genus, which belongs to the Fagaceae fam-
ily, is a group of evergreen trees that comprises about 120
species that are widely distributed in tropical and subtropical
Asia (Huang et al. 1999). The Castanopsis species have been
considered of great ecological and economic value in China
(Chen et al. 2018). Most species are significant components
of natural forests, and the timbers are valuable materials for
making furniture, floors, and paper (Hinsinger and Strijk
2017). Approximately 58 Castanopsis species are found in
China, and the natural distribution region of this genus in
China is tropical and subtropical areas in southern and south-
western China (Liu and Zhou 2006). Among these species, C.
orthacantha Franch. 1899 mainly distributed across Yunan,
Guizhou, and Sichuan provinces in southwestern China, with
an elevation ranging from 1500 to 3200 meters. The adult

Materials and methods

One individual of C. orthacantha was sampled in Maxiong
Mountain, Qujing, Yunnan province, China during the field
investigation in 2023 (25°54'8.6” N, 103°56'53.4" E). The spe-
cimen (yinsi_YJK2-20230520, Yin Si, May 2023) was deposited
into the herbarium of Qujing Normal University (Yong Gao,
562698574@qqg.com, gaoyong@mail.gjnu.edu.cn). Genomic
DNA was isolated from fresh leaves using a commercial
DNA isolation kit (Tiangen, Beijing, China). Novogene
Bioinformatics Technology (Beijing, China) conducted the

trees of C. orthacantha are 10-15m tall, and the branches,
leaf blades, and rachis of inflorescences are glabrous (Huang
et al. 1999). The forest of C. orthacantha is one representative
vegetation type in central Yunnan evergreen broad-leaved
forests and plays a significant role in maintaining ecological
balance and stability. However, no genetic diversity assess-
ment of C. orthacantha has been conducted to date, which
hinders the protection and utilization of this species. In this

construction of a DNA sequencing library and next-gener-
ation sequencing. Briefly, genomic DNA was randomly frag-
mented by Covaris instrument (Covaris, Woburn, USA) to a
size of 350bp. DNA fragments were selected and ligated
with sequencing adapters, followed by PCR amplification.
Finally, the DNA library was pair-end sequenced with a read
length of 150bp on the lllumina Novaseq 6000 platform
(Ilumina, San Diego, CA, USA).
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Figure 1. Morphological characteristics of the plant (a), flower (B), and fruit (C) of Castanopsis orthacantha. The photos were taken by the author Yong Gao. The
adult trees of C. orthacantha are 10-15m tall. The branches, leaf blades, and rachis of inflorescences are glabrous. There are usually three female flowers and nuts

per cupule.

Before assembling the genome, we applied quality control
to the raw sequencing data of C. orthacantha. Sequencing
reads with unidentified nucleotides or low qualities were
removed. The chloroplast genome assembling was conducted
using GetOrganelle V1.7.8.1 (Jin et al. 2020). The k-mers were
set as 75, 95115, and 127, and the maximum extension
rounds (R) were set to 40. The coverage of reads across the
genome was calculated using the software BWA v0.7.17 (Li
and Durbin 2009). The genomic feathers of the C. orthacan-
tha chloroplast genome were annotated with PGA and
CPGVAS 2 (http://47.96.249.172:16019/analyzer/home) (Shi
et al. 2019, Qu et al. 2019). The annotation results were
manually adjusted when necessary. Using the web-based
platform CPGView (http://www.1kmpg.cn/cpgview/), we drew
the circular map and the detailed structure of transcripts in
the chloroplast genome (Liu et al. 2023). To assess the phylo-
genetic status of C. orthacantha, chloroplast genome sequen-
ces of 14 Castanopsis species were downloaded from the
NCBI GenBank database. Additional chloroplast sequences of
two species in the Castanea genus (C. crenata and C. mollis-
sima) were downloaded as outgroups. The sequences of all
17 species were aligned using MAFFT v7.475 (Katoh and
Standley 2013), and the best nucleotide substation model
was computed using ModelFinder (Kalyaanamoorthy et al.
2017). The maximum likelihood (ML) phylogeny was

constructed using IQ-TREE v1.6.12 with 1,000 bootstraps
(Nguyen et al. 2015). In addition, Bayesian inference (BI) of
the chloroplast genomes was performed using MrBayes 3.2.6
(Ronquist et al. 2012). Five million Markov chain Monte Carlo
generations were analyzed with a sampling frequency of 500
and 25% generations as burn-in (Figures 1 and 2).

Results

A total of 11.01Gb of raw data was produced using next-
generation sequencing, and 10.94Gb of clean data was kept
after filtering. The assembled chloroplast genome of C. ortha-
cantha was 160,588 bp in length, with a GC content of 37%.
The coverage depth of sequencing reads across the genome
ranged from 476 to 34,167 (Figure S1). The genome was
deposited into NCBlI GenBank with the accession number
OR900101. We found a typical quadripartite structure in the
genome, and the length of LSC, SSC, and two IRs were
90,237 bp, 18,953 bp, and 25,699 bp, respectively. One hun-
dred and thirty genes were annotated in the chloroplast gen-
ome, including 86 protein-coding genes (79 are unique), 37
tRNA genes (29 are unique), and eight rRNA genes (four are
unique). Seventeen genes (rps16, atpF, rpoCl, petB, rpl2, ndhB,
ndhA, ndhB, rpl2, trnK-UUU, trnG-GCC, trnL-UAA, trnV-UAC, trnl-
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Figure 2. The circular map of the chloroplast genome of Castanopsis orthacantha. Genes belonging to different functional groups are plotted in the outer circle.
The quadripartite structure, which consists of the LSC, the SSC, and two IR regions, is shown. The dark gray in the inner circle indicates the GC content of the chloro-

plast genome.

GAU, trnA-UGC, trnA-UGC and trnl-GAU) had one intron, and
four genes (cIpP, ycf3, and two copies of rps12) were found
with two introns (Figures S2, S3). The TIM + F+R2 model was
determined to be the best nucleotide substitution model
based on the Bayesian information criterion. ML and BI
phylogenetic analyses all suggested that C. orthacantha, C.
lamontii, C. sclerophylla, and C. hainanensis formed a clade
with a high support value (Figure 3).

Discussion and conclusion

In this study, we sequenced and assembled the complete
chloroplast genome of C. orthacantha for the first time. This
chloroplast genome comprised a typical quadripartite struc-
ture, like most species in the Fagaceae family (Peng et al.
2021, Zhang et al. 2021, Wang et al. 2023). A total of 130
genes were found in the chloroplast genome of C

orthacantha, which was fewer than the closely related spe-
cies, C. lamontii (132) and C. sclerophylla (131) (Ye et al.
2019a). It should be attributed to the missing one copy of
the hypothetical gene (ycf1) in the chloroplast genome of C.
orthacantha. The phylogenetic analyses based on chloroplast
genomes indicated that C. orthacantha and three other spe-
cies formed a clade. However, some branches of the ML
phylogenetic tree showed low support values. Using only
chloroplast genomes might not be enough to fully resolve
the evolutionary relationships within the Castanopsis genus.
Previous studies also suggested that genetic introgression
and hybridization happened between some closely related
Castanopsis species (Chen et al. 2023). The synonymous sub-
stitution rate of nuclear genomes in plants has been reported
to evolve two times faster than that of chloroplast genomes
(Wolfe et al. 1987, Wang et al. 2024). It should give a better
understanding of the phylogenetic topologies of the
Castanopsis genus by combining the chloroplast and
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Figure 3. The phylogenetic tree of Castanopsis orthacantha and 16 related taxa from the family fagaceae. Castanopsis crenata and Castanopsis mollissima are used
as outgroups. The scale bar represents the number of substitutions at each locus. Bootstrap value and bayesian posterior probability are shown at each branch. The
following sequences are used: MW044605 (unpublished); MW322901 (Zhang et al. 2021); ON710841 (Wang et al. 2023); KT793041 (Hinsinger and Strijk 2017);
OR545365 (Chen et al. 2023); ON710842 (unpublished); MZ433364 (unpublished); MW043480 (Peng et al. 2021); MK571045 (Ye et al. 2019b); OR900101 (this study);
0Q024218 (unpublished); MK387847 (Ye et al. 2019a); MG383644 (Chen et al. 2018); MK745999 (Sun et al. 2019); 0Q024219 (unpublished); KJ001129 (unpublished);

MW689263 (unpublished).

genomic data in the future. In conclusion, the chloroplast
genome of C. orthacantha produced in this study could
help the population genetic and phylogenetic studies of
Castanopsis species.
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