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Abstract 

Section Chrysantha plants are the only camellias with golden yellow flower petals. In this study, the 

complete genome of the chloroplast of Camellia tianeensis was determined. The results showed that 

the complete chloroplast genome of C. tianeensis was 156,865 bp in length; had a typical tetrameric 

structure; and had a large copy region (LSC), a small copy region (SSC), and two inverted repetitive 

regions (IRs) with lengths of 86,579 bp, 18,236 bp, and 26,025 bp, respectively. A total of 164 genes 

were identified, containing 111 protein-coding genes, 45 tRNAs, and 8 rRNA genes; the total GC 

content was 37.32%, including 35.33% of the LSC, 30.59% of the SSC, and 42.99% of the IRs. There 

were 69 simple sequence repeats (SSRs) in C. tianeensis, with the number of single nucleic acid repeats 

being significantly greater than the number of other repeat types. There were 38 dispersed repeats 

categorized into three types, and no complement (C) repeats were found; The phylogenetic tree 

supports that C. tianeensis is a constituent member of sect. Chrysantha. Therefore, the results not only 

enrich the sect. Chrysantha molecular database, but also provide a framework for future studies on 

the evolution and taxonomic revision of the sect. Chrysantha. 
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1. Introduction 

Plants of section Chrysantha Chang belongs to the genus Camellia of the family Theaceae. This 

group of plants is named for its “pure yellow flowers like gold” and is the only camellia that has 

golden yellow petals. Their buds of these plants are round, delicate, and beautiful, and they are 

known as the “Queen of the Tea Family” and the “Giant Panda of the Plant World” (Zhang and Ren 

1998). There are 42 species and 5 varieties belonging to sect. Chrysantha that are known to be native 

to southern China and Vietnam, most of which are distributed in Guangxi Province, and a few are 

distributed in Guizhou, Yunnan, and Sichuan Provinces (Liang 2007). Sect. Chrysantha is a group of 

subtropical plants that are found in warm and humid climates. They utilize fertilizer and have strong 

waterlogging resistance. Their soil requirements are not high, and they can grow in slightly acidic to 

neutral soils (Wei et al. 2007). The plants in sect. Chrysantha are evergreen shrubs or small trees with 

yellow ‒ brown, nearly smooth bark. Their leaves are leathery, oblong, lanceolate, or rarely 

oblanceolate. The upper surface of the leaf blade is dark green, the reticulate veins of the leaf blade 

are inconspicuous, and the margin is serrulate. The flowers in the leaf axils are yellow and solitary. 

Petals 10–13 are fleshy and glabrous; the outer whorl is suborbicular; and the inner whorl is obovate 

or elliptic. The ovaries are superior, 3-loculed, glabrous; styles 3–4, glabrous. They flower from 

December to March. The capsule was depressed and globose, 3.5 cm long and 4.5 cm wide, with 2-3 

seeds per locule, and the apex was concave. The seed coat is brown, glossy, hemispherical, and 1.5–2 
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cm in diameter (Zhang 2023). Section Chrysantha plants have important ornamental, medicinal, and 

economic value (Huang 1994; Xia et al. 2013; Huang et al. 2009; Wang et al. 2021). 

Camellia tianeensis S. Yun Liang et Y. T. Luo is a member of the sect. Chrysantha. In 1995, Liang 

Shengye et al. recognized this plant as a new species of the genus Camellia characterized by its 

characteristics of elliptic leaves, 6-7 pairs of lateral veins, solitary flowers, a purplish-red or light-red 

surface during the bud stage, a yellowish color after opening, and brown seeds (Liang and Luo 

1995).In contrast, it was treated as a synonym of Camellia huana in Flora of China (Min and Bruce, 

2007). To address the taxonomic issues of C. tianeensis, we conducted research involving the 

examination of type specimens, field observations of wild populations, micro-morphological 

analyses of leaves and pollen, and multi-year introduction and cultivation studies, ultimately 

confirming that C. tianeensis is an independent species and C. liberofilamenta is a synonym of C. huana 

(Jiang et al., 2024). Currently, relevant studies have been conducted on the distribution status, 

conservation strategies, cultivation, and population characterization of this species (Xie et al. 2013, 

2014; Su et al. 2017; Luo et al. 2021; Xu et al. 2022; Yang et al. 2023). However, there are no molecular 

data available for exploring the phylogenetic position of C. tianeensis. Therefore, the present study 

reports the whole chloroplast genome of C. tianeensis, which not only includes the genetic information 

of the species but also provides important theoretical references for further classification, evolution, 

and exploitation of the species. 

2. Materials and Methods 

2.1. Material Collection, DNA Extraction, and Sequencing 

Samples of the C. tianeensis plants in this study were collected from the Forestry Bureau of 

Ceheng County, Guizhou Province, China (N 24.98465303°, E 105.81570840°) （Figure 1）. The 

specimens were preserved in the Tree Specimen Laboratory, Guizhou Academy of Forestry (GZAF, LH-

20221101). Fresh and tender leaves were collected, and chloroplast DNA was extracted in the 

laboratory using an optimized CTAB method (Pahlich and Gerliz 1980). The integrity of the DNA 

was determined by 1% glucose agar gel electrophoresis, and the purity and content of the DNA were 

determined using a nucleic acid proteometer. The DNA was then subjected to interruption, end 

repair, and splice junction detection to construct a sequencing library. Sequencing was performed 

using the NovaSeq 6000 high-throughput sequencing platform on the libraries that passed the quality 

test. 

2.2. Assembly and Annotation of the Chloroplast Genome 

Using GetOrganelle 1.7.5.3 (Jin et al. 2020) software, the screened data were spliced from scratch 

to obtain a circular chloroplast gene map. After that, online annotation, BLAST comparison, and 

manual correction were performed using CPGAVAS2 (Shi et al. 2019), and the sequence was finally 

uploaded to NCBI (GenBank ID: PP187689). The chloroplast genome map was constructed online via 

OGDRAW (https://chlorobox.mpimp-golm.mpg.de/OGDraw.html) (Lohse et al. 2007). 

2.3. Repeat Sequence Analysis and Codon Preference 

In this study, we searched for SSRs in the chloroplast genome sequence of C. tianeensis using 

MISA 2.1 software (Beier et al. 2017) and set the minimum number of repeat units and the number of 

repetitions as follows: at least 10 for single-nucleotide units, at least 5 for dinucleotide units, at least 

4 for trinucleotide units, at least 3 for tetranucleotide units, at least 3 for pentanucleotide units, and 

at least 3 for hexanucleotide units (Zheng et al. 2020). The REPuter (https://bibiserv.cebitec.uni-

bielefeld.de/reputer) (Kurtz et al. 2001) online tool was used to search for larger repeat sequences 

with a Hamming distance of 3 and a minimum repeat size of 30 bp. The four types were forward (F), 

reverse (R), complement (C), and palindromic (P). The codon preference relative synonymous codon 

usage (RSCU) was statistically analyzed using CodonW 1.4.2 software (Shield and Sharp 1987) and 

plotted using R4.0.5. 
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2.4. Phylogenetic Analysis 

To understand the phylogenetic relationships of C. tianeensis, the chloroplast genome sequences 

of 22 species of sect. Chrysantha were queried and downloaded from the NCBI database 

(https://www.ncbi.nlm.nih.gov/) in this study. The phylogenetic analysis was performed using 

Camellia pyxidiacea (GenBank ID: OP058659) as an outgroup. After comparison via MAFFT7 (Katoh 

and Standiey 2014), the phylogenetic tree was constructed (GTR+I+G model) via manual correction 

in MEGAX (Kumar et al. 2018), after which the best maximum likelihood (ML) method was selected. 

The phylogenetic tree was subsequently constructed in IQ-TREE 2.2.0, and the self-expansion support 

was set to 1000 (Trifinopoulos et al. 2016). The optimal model (HKY+G+I) was identified using 

MrModeltest v2.3, and a Bayesian inference (BI) phylogenetic tree was subsequently constructed 

using MrBayes v3.2.7 (Huelsenbeck and Ronquist 2001). Finally, the phylogenetic tree was visualized 

using the online tool iTOL V4 (https://itol.embl.de/) (Letunic and Bork 2021). 

 

Figure 1. Morphology of C. tianeensis.(A:habitat; B: branch; C: bud; D: fruit). 

3. Results 

This study yielded a total chloroplast whole genome (Figure 2A) for C. tianeensis, with a length 

of 156,865 bp and exhibiting the typical tetrameric structural features of one large-copy region (LSC), 

one small-copy region (SSC), and two inverted-repeat regions (IRs). The length of each region was 

86,579 bp (LSC), 18,236 bp (SSC), and 26,025 bp (IRs). The total GC content was 37.32%, including 

35.33% of the LSC, 30.59% of the SSC, and 42.99% of the IRs. A total of 164 genes, including 111 

protein-coding genes, 45 tRNA genes, and 8 rRNA genes, were identified by chloroplast-wide 

genome annotation of C. tianeensis. A total of 69 simple repeat sequences(SSRs), including 52 single 

nucleotides (A-21, T-31), 4 dinucleotides (AT-3, TA-1), 1 trinucleotide (TTC-1), and 12 

tetranucleotides (AGAT-1, AAAT-1, AATA-1, ATAG-1, GTCT-1, GAAA-1, GAGG-1, CCCT-1, TCTT-

1, TTTC-1, TCTA-1), were identified from four repetitive modes across the whole genome of 
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chloroplasts. The single nucleotide repeats were the most abundant and were significantly more 

abundant than the other repeat types (Figure 2B). A total of 38 dispersed repeats were found and 

categorized into three types: 15 forward (F) repeats, 1 reverse (R) repeat, and 22 palindromic (P) 

repeats. No complement (C) repeat sequences were found (Figure 2C). Codon preferences were also 

analyzed in this study, and a total of 61 codons encoding 20 amino acids were detected, in addition 

to the termination codons UAA, UAG, and UGA. A total of 27,001 codons were observed, of which 

Tle was the most abundant with 1118 codons, accounting for 4.14%, and Cys was the least abundant 

with 72, accounting for 0.27%. Thirty-one codons had an RSCU greater than 1, 12 had an A in the 

final position, 16 had a T in the final position, and 3 had a G in the final position. Species with A/T as 

the final position were the most common, indicating that the whole-genome codon preference of C. 

tianeensis chloroplasts ended in A/T (Figure 2D). 

A phylogenetic tree constructed based on 22 published complete whole chloroplast genomes of 

from sect. Chrysantha showed that C. tianeensis is a constituent of sect. Chrysantha (Figure 3), and 

clustered on the same small branch as Camellia liberofilamenta (BS/PP = 100/1.00). Most of the tree 

nodes were highly supported, and Camellia pyxidiacea (outgroup) was completely separated from the 

goldenrod group of plants. 

 

Figure 2. Comprehensive analysis of C. tianeensis chloroplast genome. (A: Chloroplast genome mapping; B: The 

numbers of the six SSR types; C: The numbers of the four long repeat types; D: RSCU analysis of each amino 

acid). 
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Figure 3. Phylogenetic tree constructed using the maximum likelihood (ML) and Bayesian inference (BI) 

methods based on the complete chloroplast genome sequences. Numbers above branches indicate ML bootstrap 

values (BS, left) and the posterior probabilities (PP, right). 

4. Discussion 

Chloroplasts, the main organelles involved in photosynthesis, have independent and complete 

genomes and are uniparental in most species (Zou et al. 2021). The chloroplast genome has been 

widely used in plant taxonomic revision, population genetic structure, genetic diversity, population 

dynamic history, and kinship relationship studies (Zou et al. 2021; Chen et al. 2010). As soon as the 

chloroplast whole-genome sequence was reported, it was studied by many scholars and applied to 

plants, thus solving many important problems, such as ambiguous taxonomic identification. By 

analyzing the NCBI database, we obtained genome-wide information on the chloroplasts of more 

than 100 species of the genus Camellia. These chloroplast DNAs exhibit very small differences, 

ranging from 150 to 160 kb, and all of them have a typical tetrameric structure with relatively 

conserved structural variation. The degree of conservatism of the chloroplast DNA increases with 

increasing GC content. In this study, we submitted whole-genome sequence information for the 

chloroplast of C. tianeensis to the NCBI database to enrich the available chloroplast genome data for 

the genus Camellia. 

SSRs refer to a segment of the chloroplast genome with a length of 1-6 nucleotides and are often 

applied to plant species identification, genetic map construction, population systematic evolution, 

and germplasm resource genetic diversity research because of their rich content and high 

polymorphism (Du et al. 2019; Liu et al. 2019; Duan et al. 2019). The results of this study showed that 

there are 69 SSRs in the chloroplast genome of C. tianeensis, including 52 mononucleotides, 4 

dinucleotides, 1 trinucleotide (TTC-1), and 12 tetranucleotides. Among the cpSSR categories, 

mononucleotide SSRs were the most abundant and significantly more common than the other repeat 

types. There were 38 dispersed repeats, and no complement (C) repeats were found. The sequence 

composition of the SSR loci in this study is consistent with the results of existing studies, thus proving 

that the SSR loci are dominated by polyA and polyT (Kuang et al. 2011); in particular, the SSR gene 

loci obtained will lay the foundation for further molecular genetic analysis of sect. Chrysantha. 

Codon preference is the phenomenon of unequal use of synonymous codons coding for the same 

amino acid in an organism that has developed a set of commonly used codons that are compatible 

during evolution. Factors such as mutation, selection, gene length, gene function, and genetic drift 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 September 2025 doi:10.20944/preprints202509.0847.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0847.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 9 

 

can have some effect on this population. The preference for codon usage varies among species, so the 

closeness of kinship can be judged based on codon preference (Zhang 2007). The RSCU represents 

the ratio between the actual usage value and the theoretical usage value of the codon. An RSCU less 

than 1 indicates that the codon is used less frequently than other synonymous codons; an RSCU 

greater than 1 indicates that the codon is used more frequently than the synonymous codon; and an 

RSCU equal to 1 indicates that there is no preference for the codon (Zhao et al. 2008). Of the two 

amino acids with an RSCU equal to 1, one is tryptophan (Trp), and the other is methionine (Met). 

Both have only one codon encoding an amino acid; there is no codon preference, and the C. tianeensis 

codons are more inclined to end in A/U, which is in agreement with the results of the study by Zhang 

Xiaoyu (Zhang 2023) on the group of plants of the sect. Chrysantha. 

Phylogenetic analysis can provide an effective basis for discriminating affinities between 

species. Wei et al. (2022) reconstructed the phylogenetic relationship of yellow-flowered Camellia 

species based on multi-molecular data, and they proposed a new taxonomic treatment for the sect. 

Chrysantha recognized 20 species inclued in this section. Although they provided a comprehensive 

analysis for the sect. Chrysantha, this result lacked C. tianeensis because it was considered a synonym 

of C. huana at the time. Moreover, among the molecular data used in this study by Wei et al. (2022), 

the chloroplast genome was only partially represented—limited to the small single-copy (SSC) 

region—rather than the complete genome sequence. The phylogenetic tree based on single-copy 

homologous genes showed that golden camellia species with shorter geographical distances were 

closer phylogenetically (Xie et al., 2025). Based on whole chloroplast genome sequences, the present 

phylogenetic analysis demonstrates that C. tianeensis is sister to C. huana with strong support, 

providing valuable insights into the evolutionary relationships within the sect. Chrysantha at the 

genomic level, This molecular assessment of C. tianeensis not only clarifies its phylogenetic position 

but also lays a foundation for future studies on the molecular systematics and population evolution 

of this section. 

5. Conclusions 

In this study, the chloroplast genome of C. tianeensis was characterized for the first time by high-

throughput sequencing technology, and its repeat sequence and codon preference were analyzed. 

The phylogenetic position of the species was initially explored through the construction of a 

phylogenetic tree with other plants in sect. Chrysantha. of the chloroplast genome contained 164 genes 

with a length of 156,865 bp and four SSR types scattered among the repeat sequence types; no 

complement (C) repeats were found; the codon preference of the whole-genome codon of the 

chloroplasts of C. tianeensis ended in A/T, and C. tianeensis was clustered in the same branch as the 

other plants in sect. Chrysantha. Therefore, the chloroplast genomic data of this study may aid in 

exploring the phylogenetic relationships of sect. Chrysantha, and additionally, this study provides a 

theoretical basis and technical support for the rational exploitation and effective conservation of this 

species in the future. 
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