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ABSTRACT

Camellia sinensis var. sinensis cultivar “Yuexiangzao” (YXZ) was a new tea cultivar in China. In this study,
we reported a complete chloroplast (CP) genome based on the DNGSEQ sequencing technology. The
CP genome sequence of YXZ was 157,041bp in length and contained a large single copy (LSC,
86,594 bp), a small single copy (SSC, 18,291 bp), and two inverted repeats (IRs, 26,078 bp). The GC con-
tents of LSC, SSC, and two IRs were 35.31%, 30.53%, and 42.94%, respectively. The phylogenetic ana-
lysis showed that YXZ was closely related to C. sinensis cv. “Tieluohan” and C. sinensis cv. “Xinyang 10.”

Introduction

The tea plant (Camellia sinensis (L.) O. Kuntze 1881) is an impor-
tant economic plant in the world, native to China (Wang et al.
2020). Its leaves can be processed into tea, rich in various
antioxidant ingredients, such as catechins, amino acids, and
caffeine, which exhibits anticancer, anti-inflammatory, hepato-
protective benefits and so on (Aadrika et al. 2022; Evren et al.
2024). C. sinensis var. sinensis cv. “Yuexiangzao” (YXZ) was a
new tea cultivar breeding from “Jiukengzhong” by the
Shaoxing Agricultural Science Research Institute, Zhejiang
province, China, good characteristics in shoots and leaves, high
yield, fine adaptability for making green tea, strong resistance
and so on (Fu et al. 2012). YXZ showed good adaptability in
the tea region of southern Henan, China, which was suitable
for promotion and application here (Li, Jiang, et al. 2023). In
early work, we found that YXZ had comparatively stronger
fecundity by regular field investigation, and seeds of YXZ not
only owned a high kernel rate but also shared a great oil con-
tent (Li, Zhu, et al. 2023). So, we considered that YXZ could be
used as a fine candidate cultivar for harvesting both tea leaves
and seeds in the tea area of Southern Henan, China. And also,
YXZ may be selected as a parent for constructing the mapping
population in our following study. The complete chloroplast
genome sequence of YXZ not only provides a precious
resource for further research on the phylogenetic analysis of
tea plants, but also useful for identifying important genes and
screening molecular markers. The chloroplast (CP) genome,
which mostly belongs to maternally inherited, is more easily to
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provide species evolution information compared with the
nuclear genome (Kaundun and Matsumoto 2011). For all we
know, a total of 93 tea plant verified and complete cp genomes
were reported and released in Genbank (Table S1). Plenty of
scholars have applied the complete cp genome to explore the
phylogenetic relationship of tea plants in recent years (Yang
et al. 2024). For example, Qiao et al. (2023) found the famous
fine cultivar of C. sinensis cv. “FuDingDaBaiCha” was closely
related to C. sinensis cv. “Anhua,” C. sinensis cv. “Qiancha 1,” C.
sinensis cv. “BanTianYao.” In this study, we sequenced and ana-
lyzed the complete cp genome sequence of YXZ, and con-
structed its phylogenetic relationship with other different tea
cultivars as well.

Materials and methods

The first and second leaves under apical bud of YXZ were col-
lected from an eleven-year-old plant (Figure 1) in the experi-
mental field of the Tea Research Institute, Xinyang Academy of
Agricultural Science (114°18'N, 32°9°E) in August 2022.
Materials were collected following the rules and regulations of
Tea Research Institute, Xinyang Academy of Agricultural
Sciences, with no special permission statement being required
for the collection. The leaves were immediately preserved in
liquid nitrogen before DNA extraction. The total genomic DNA
was extracted with the CTAB method and purified with Qiagen
Genomic-tip kit 13343 (Qiagen, Germany). A specimen was
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Figure 1. The species image of Camellia sinensis cv. “Yuexiangzao.” (A) Whole plant morphology in autumn. (B) Tea shoot in autumn. All photos were taken by
suangfeng Jiang in the Tea Research Institute, Xinyang Academy of Agricultural Science, Xinyang, Henan, China.

deposited in the Tea Germplasm Resource Nursery of Tea
Research Institute, Xinyang Academy of Agricultural Science
(http://www.xynk.cn/, associate researcher Shuangfeng Jiang,
shuangfeng130@sina.com) under the voucher number
XYCS0021. The library construction and sequencing were per-
formed by the Benagen Technology Corporation Limited
(Wuhan, China) on the DNBSEQ-T7 platform, following the
manufacturer protocol (DNBSEQ, Shenzhen, China). The CP
genome was de novo assembled using GetOrganelle v1.7.5 (Jin
et al. 2020) and annotated using CPGAVAS2 (Shi et al. 2019).
All annotation errors were manually corrected by Apollo (Lewis
et al. 2002). The circular structure of the CP genome was drawn
using OGDRAW (Stephan et al. 2019). The complete CP
genomes of 29 representative Camellia cutlivars and YXZ were
aligned using MAFFT v.7.505 software (Katoh and Standley
2013). A Maximum Likelihood (ML) tree was constructed using
IQ-TREE v1.6.12 (Nguyen et al. 2015) under the maximum com-
posite likelihood model with 1000 bootstraps replicates and
was visualized using ITOL v6 software (Letunic & Bork, 2019).

Results

The complete CP genome of YXZ was 157,041 bp in length
with a typical quadripartite structure (Figure 2). All position
of the CP genome of YXZ had high depth coverage (Figure
S1). It contained a pair of inverted repeats (IRa and IRb) of
26,078 bp each, which were separated by a large single-copy
(LSC, 86,594 bp) and a small single-copy (SSC, 18,291 bp). GC
contents of the two IRs, LSC, and SSC were 42.94%, 35.31%,
and 30.55%, respectively. A total of 112 genes were pre-
dicted, including 80 unique protein-coding genes, 28 tRNA
genes, and 4 rRNA genes. Among them, all protein-coding
genes contained 11 NADH dehydrogenase subunit genes, 5

photosystem | subunit genes, 16 photosystem Il subunit
genes, 6 cytochrome b/f complex subunit genes, 6 ATP syn-
thase subunit genes, a single 1,5-diphosphate ribose carb-
oxylase/oxygenase large subunit gene, 4 DNA-dependent
RNA polymerase genes, 9 ribosomal large subunit genes, 12
ribosomal small subunit genes, 1 mature enzyme gene,
1C-type cytochrome synthase gene, 1 membrane protein
gene, 1 protease gene, 1 acetyl-CoA gene, 1 translation initi-
ation factor gene, and 4 conserved open reading frame
genes (Figure S2 and S3). The complete CP genome sequen-
ces and annotations of YXZ were submitted to the NCBI
GenBank under the accession number PP933804.

To explore the phylogenetic position of YXZ, phylogenetic
analysis was performed on the complete CP genomes of 29
cultivars with Camellia oleifera as outgroup species. As shown
in the ML tree (Figure 3), first, C. sinensis distinctly separated
from wild relative species C. taliensis, C. tachangensis and C.
tachangensis; then, all cultivars of C. sinensis clustered three
different branches, C. sinensis var. sinensis, C. sinensis var.
assamica and C. sinensis var. Pubilimba, respectively. YXZ was
closely related to C. sinensis cv. “Tieluohan” and C. sinensis
cv. “Xinyang 10,” where the sequence of YXZ was completely
consistent with the latter two.

The CP genome structures of 24 representative tea culti-
vars were compared and visulized by the IRscope software
(Amiryousefi et al. 2018). The results showed that CP genome
structures of different tea cultivars were highly conserved
(Figure S4). For example, the LSC/IRb boundaries of 19 tea
cultivars were located within rps19 genes and 46bp away
from the last bases of these genes, and their boundaries of
IRa/LSC were all located at 1 base before trnH genes. The CP
genome length and gene locations of YXZ were completely
consistent with C. sinensis cv. “Tieluohan” and C. sinensis cv.
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Figure 2. Chloroplast genome map of Camellia sinensis cv. “Yuexiangzao.” Genes outside the main circle was transcribed clockwise, while genes on the inside were
transcribed counterclockwise. The organellar genome DRAW (OGDraw) online software (v1.3.1) was used to draw this map. Different colors represent genes with
other functions. The inner circle’s gray portion indicates the chloroplast genome’s GC content.

“Xinyang 10.” In addition, the nucleotide diversity (Pi values)
of the CP genomes of these cultivars were further calculated
by the DnaSP 6.0 software (Rozas et al. 2017). There were 8
regions with relatively high Pi values (> 0.007), which were
located into ycf2, trnL-ndhB, rps7-rpsi12, rps12, ndhB-trnL, and
trnL genes, respectively (Figure S5). The Pi values of other
regions were less than 0.004, indicating that the CP genomes
of different tea cultivars were highly conserved as well.

Discussion and conclusions

To meet the changing demands of the market, new tea culti-
vars have been bred continuously (Wang et al. 2019). The
phylogenetic position of a new tea cultivar could be prelim-
inarily realized by phylogenetic analysis based on the CP
genome sequence. In this study, we reported a complete CP
genome sequence of YXZ, which was completely consistent
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Figure 3. Phylogenetic relationships of 30 Camellia sinensis cultivars based on their complete chloroplast genome sequences. The phylogenetic tree was con-
structed using Neighbor-Jointing (NJ) method with 1000 bootstrap replicates. The bootstrap values were labeled at each branch node. The following published
sequences were applied to construct the NJ-tree: MT773373.1, (Fan et al. 2022), KJ806279.1 (Huang et al. 2014), LC488797.1 (Lee et al. 2020), MT773377.1 (Fan et al.
2022), MZ153237.1 (Yan et al. 2021), MT773375.1 (Fan et al. 2022), KF562708.1 (Ye et al. 2014), MT773374 (Li et al. 2021), MZ043860.1 (Yang et al. 2022),
MHO042531.1 (Dong et al. 2018), MZ817088.1 (Qiao et al. 2023), MW046255.1, MN086819.1 (Hao et al. 2019), MT773376.1 (Fan et al. 2022), MH460639.1 (Rawal et al.
2020), MH394410.1 (Zeng et al. 2018), MH394408.1 (Zeng et al. 2018), MH394407.1 (Zeng et al. 2018), MH394409.1 (Zeng et al. 2018), MH019307.1 (Zhang et al.
2019), KJ806280.1 (Huang et al. 2014), JQ975032.1 (Shi et al. 2013), KF156839.1 (Yang et al. 2013), MN327576.1 (Hao et al. 2019). All sequences can be downloaded

from NCBI GenBank.

with C. sinensis cv. “Tieluohan” and C. sinensis cv. “Xinyang
10,” suggesting that these cultivars may have been derived
from the same maternal parent and with a short divergence
time. However, the former was from Henan Province, China,
and the latter two were from Fujian Province and Zhejiang
Province, China, respectively (Zhang et al. 2004; Huang et al.
1994; Fu et al. 2012). And there was no any breeding record
to show that three cultivars were related with each other. We
speculate that this may be closely related to the spread of
tea seeds due to the migration and flow of human
population.
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