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Various endemic Camellia L. species have been identified in
Vietnam. However, most genomic data of these endemic tea
taxa have not been characterized. In the current study, we
employed next-generation sequencing method to sequence
and complete chloroplast genome of Camellia yokdonensis
Dung bis & Hakoda, an endemic species found in the cen-
tral area of Vietnam. This circular genome was 157,090 bp in
length and had 37.7% GC content. In addition, this quadripar-
tite genome consisted of a large single-copy region (86,657
bp and 35.3% GC), a small single-copy region (18,273 bp and
30.6% GC), and two inverted repeat regions (26,080 bp and
43% GC each). The annotation result revealed 79 protein-
coding genes, 30 transfer RNA genes, and four ribosomal RNA
genes. Phylogenetic analysis pointed out that C. yokdonen-
sis was placed as a basal clade to other examined Camellia
species. This study provides initial genomic data for further
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studies examining evolutionary history of C. yokdonensis and
other related Theaceae taxa.

© 2026 The Authors. Published by Elsevier Inc.
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Specifications Table

Subject Biology
Specific subject area Genomics: Chloroplast genome
Type of data Table, Figures.
Raw, Analyzed.
Data collection Fresh healthy leaves of Camellia yokdonensis were collected from natural habitat and

used for total genomic DNA extraction using a commercial kit. The sequencing process
was conducted using Onso system of PacBio. The raw reads were filtered and
assembled using Geneious Prime v2024.0.1. The complete chloroplast genome was
annotated and illustrated using Geseq and OGDRAW, respectively. Phylogenetic analysis
of 30 Camellia species and three outgroups inferred from complete chloroplast
genomes were conducted using IQ-TREE v2.4.0 after alignment step using MUSCLE v5.
The phylogenetic tree was illustrated using Figtree v1.4.5.

Data source location Location: Buon Don, DakLak, Vietnam (12°47'09.1"N 107°53/55.7"E, altitude: 227 m).
Voucher information: The specimen of Camellia yokdonensis was deposited into NTT
Hi-Tech Institute, Nguyen Tat Thanh University under voucher number
FGRC_NTHI20250101_P037 (contact person: Hoang Dang Khoa Do, email:
dhdkhoa@ntt.edu.vn).

Data accessibility Repository name: NCBI
Direct URL to data of complete chloroplast genome and raw data.
1/ https://www.ncbi.nlm.nih.gov/nuccore/PV612622
2/ https://www.ncbi.nlm.nih.gov/bioproject/?term=PR]NA1457648
3/ https://www.ncbi.nlm.nih.gov/biosample/SAMN57468249
4/ https://[www.ncbi.nlm.nih.gov/sra/?term=SRR38263963
Repository name: Figshare
Direct URL to data for phylogenetic analysis
10.6084/m9.figshare.32184297

Related research article NONE

1. Value of the Data

« This dataset provides information about the complete chloroplast genome of Camellia yokdo-
nensis regarding genome structure, genome size, gene content, and gene order. The complete
chloroplast genome of C. yokdonensis provides initial genomic data for further studies ex-
amining the characterization of chloroplast genomes of other C. yokdonensis individuals and
related Camellia species. The more available complete chloroplast genomes of C. yokdonensis
are, the more comprehensive studies about its population genetics, evolutionary history, and
molecular markers are conducted.

Although different Vietnamese endemic Camellia chloroplast genomes have been published,
these species are mainly distributed in Northern Vietnam. The Camellia species distributed
in Southern Vietnam has not been reported in terms of genomic data, such as nuclear, mi-
tochondrial, and chloroplast genomes. This genomic gap prevents further studies based on
molecular data, such as divergence time estimation and biogeography of Camellia species.
Therefore, the current genomic data of C. yokdonensis will be valuable as a gap-filling dataset
for further genomic studies of Camellia and related species in Theaceae.

Phylogenetic relationship analysis revealed a basal position of Camellia yokdonensis, which
was not found in the previous studies due to the lack of the C. yokdonensis chloroplast
genome. The phylogenetic position of C. yokdonensis suggested a possibility of unique spe-
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ciation of Camellia taxa endemic to Southern Vietnam. However, the current phylogenetic
analysis was inferred from chloroplast genome data, which may conflict with mitochondrial
and nuclear genome datasets. Therefore, the current chloroplast genome data could be reused
in further phylogenetic studies inferred from three genomes.

» The raw sequencing data of Camellia yokdonensis was generated from total genomic DNA,
which included chloroplast, mitochondrial, and nuclear genomes. Therefore, the raw data
could be used to explore the mitochondrial and nuclear genomes of C. yokdonensis for further
comparative genomic analyses.

2. Background

Camellia L., containing 233 accepted species, is a genus of Theaceae and is native to East,
South, and Southeast Asia [1]. This genus included various species which have ornamental and
commercial values, especially Camellia sinensis (L.) Kuntze, an indispensable ingredient of tea
[2]. Recently, more than 1300 nuclear genomes of Camellia species have been reported, providing
new insights into metabolism of tea plants [3]. Vietnam is one of the original distributions of the
Camellia species; therefore, new Camellia species have been identified recently [4-8]. However,
the genomic data of Vietnamese endemic Camellia are limited. To date, some complete chloro-
plast genomes (cpDNA) of Vietnamese endemic Camellia species, including Camellia huulungensis
Rosmann & Ninh, Camellia flava (Pit.) Sealy, and Camellia tienii Ninh, have been reported [9-11].
Therefore, in the current study, we employed next-generation sequencing method to complete
and characterise cpDNA of Camellia yokdonensis Dung bis & Hakoda, an endemic Camellia in the
central area of Vietnam (Fig. 1) [4]. The newly completed cpDNA will enlarge the genomic data
as well as provide useful tools for further studies about species identification and phylogeny of
Camellia.

Fig. 1. Photos of Camellia yokdonensis. A. Leaf. B and C. Flower buds. D. Flower. Small tree with oblong leaves. Terminal
subsessile flower with orange/pink color. Flowers having 6-8 bracts, 7-10 petals, and over 100 stamens.
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Sequencing Depth and Coverage Map
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Fig. 2. Coverage depth of Camellia yokdonensis chloroplast genome.

3. Data Description

A total of 332,406 reads out of 59,974,172 raw reads which range from 100 bp to 150 bp
were assembled to complete the cpDNA of C. yokdonensis with a minimum coverage of 9 x, a
maximum coverage of 500 x, and an average coverage of 308 x (Fig. 2). The complete cpDNA
of C. yokdonensis was 157,090 bp in length and had 37.7% GC content, which included a large
single-copy region (86,657 bp and 35.3% GC), a small single-copy region (18,273 bp and 30.6%
GC), and two inverted repeat regions (26,080 bp and 43% GC each) (Fig. 3). The annotation re-
sulted in 113 unique coding regions including 79 protein-coding genes categorized in different
functions, 30 transfer RNA genes, and four ribosomal RNA genes (Fig. 3, Table 1). Among the cod-
ing genes, rps19, rpl2, rpl23, trnl_CAU, ycf2, trnL_CAA, ndhB, rps7, rps12, trnV_GAC, rrni6, trnl_GAU,
trnA_UGC, 123, rrn4.5, rrn5, trnR_ACG, trnN_GUU, and ycfl were duplicated in the inverted re-
peat region. However, ycfl and rps19 exhibited incomplete duplication due to the expansion of
the inverted repeat regions. Additionally, rpsi6, atpF, rpoC1, petB, petD, rpli6, rpl2, ndhB, ndhA,
trnK_UUU, trnl_GAU, trnA_UGC, trnG_UCC, trnL_UAA, and trnV_UAC contained one intron, whereas
pafl and clpP1 had two introns. Notably, the rps12 gene was trans-spliced with the locations of
exon 2 and exon 3 in IR regions.

Phylogenetic analysis revealed the monophyletic status of Camellia species with high sup-
port value (bootstrap value = 100) (Fig. 4). However, the relationship among clades was quite
weak although each clade had a strong bootstrap value. Notably, C. yokdonensis and another Viet-
namese endemic Camellia species, Camellia cattienensis Orel, were placed as basal clades of other
surveyed Camellia taxa.

4. Experimental Design, Materials and Methods

4.1. Plant sampling, DNA extraction, and next-generation sequencing

Healthy leaves of C. yokdonensis were collected at Buon Don, DakLak, Vietnam
(12°47'09.1“N 107°53'55.7"E, altitude: 227 m) (Fig. 1). The specimen of C. yokdonensis was
deposited into NTT Hi-Tech Institute, Nguyen Tat Thanh University under voucher number
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Fig. 3. The chloroplast genome map of Camellia yokdonensis. The inner and outer genes indicated the translation direc-
tions of clockwise and counterclockwise, respectively. Different colors indicate different functional groups of genes. The
inner image is the flower of C. yokdonensis. The inner circle represents the locations of four regions in the chloroplast
genome. LSC: large single-copy; SSC: small single-copy; IRA and IRB: inverted repeat region A and B, respectively.

FGRC_NTHI20250101_P037 (contact person: Hoang Dang Khoa Do, email: dhdkhoa@ntt.edu.vn).
Then, the leaves were stored at —80°C for further experiments. The DNeasy Plant Pro Kit (Qiagen,
USA) was used to extract total genomic DNA following the manufacturer’s protocol. NanoDrop
One Microvolume UV-Vis Spectrophotometer (Thermo Fisher Scientific, USA) and 1% agarose gel
electrophoresis were used to check the quality of the DNA sample with a minimum concentra-
tion of 50 ng/uL and a clear band on the gel. Then, the qualified DNA sample was applied for
the Onso sequencing system (PacBio, USA) after library preparation following the manufacturer’s
instruction to generate paired-end reads of 150 bp with an insert size of 250 bp and 150 cycles,
which were conducted at KTEST Co. Ltd. (Ho Chi Minh City, Vietnam).

4.2. Assembly and annotation of chloroplast genome

The raw reads (59,974,172 reads, ~8.81 Gb, ranging from 1 bp to 150 bp) were analysed us-
ing fastp v0.24.1 to identify and eliminate the reads which contained adapters and N bases,
had a Qscore under 20, and were shorter than 100 bp [12]. The filtered reads were assem-
bled to complete the cpDNA by following steps. First, the filtered reads were mapped to the
coding region of psbA, rpoB, psaA, petA, rpoA, ndhB, ndhD, and rps7 genes of Camellia sinen-
sis (L.) Kuntze (PQ066596) which are distributed distantly within the cpDNA using Geneious
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Gene composition of Camellia yokdonensis chloroplast genome

Groups of genes

Name of genes

Ribosomal RNAs
Transfer RNAs

Large units of ribosome
Small units of ribosome
RNA polymerase
Translational initiation factor
Subunit of photosystem I
Subunit of photosystem II
Subunit of cytochrome
Subunit of ATP synthases
Large unit of Rubisco
Subunit of NADH

rrm4.5¢, rrn5¢, rrmi16°, rrn23¢

trnA_UGC®?, trnC_GCA, trnD_GUC, trnE_UUC, trnF_GAA, trnG_UCC’, trnG_GCC,
trnH_GUG' trnl_GAU™", trnK_UUUP, trnL_CAA®, trnL_UAA®, trnL_UAG, trnfM_CAU,
trnl_CAU", trnM_CAU, trnN_GUU", trnP_UGG, trnQ_UUG, trnR_ACG", trnR_UCU,
trnS_GCU, trnS_GGA, trnS_UGA, trnT_GGU, trnT_UGU, trnV_GAC?, trnV_UAC",
trnW_CCA, trnY_GUA

rpl2 b, rpl14, rpl16®, rpl20, rpl22 rpi23 ¢, rpl32, rpl33, rpi36

rps2, rps3, rpsd, rps7¢, rps8, rpsil, rps12%, rpsi4, rpsi5, rps16 °, rpsi18, rps19°
rpoA, rpoB, rpoC1®, rpoC2

infA

psaA, psaB, psaC, psal, psaj, pafl°, pafll

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psb], psbK, psbL, pbfl, psbM, psbT, psbZ
petA, petB’, petD’, petG, petL, petN

atpA, atpB, atpE, atpF’, atpH, atpl

rbcL

ndhA®, ndhB® , ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhj, ndhK

dehydrogenase

Maturase matK
Envelope membrane protein  cemA
Subunit of acetyl-CoA accD
C-type cytochrome synthesis  ccsA

gene

ATP-dependent protease clpP1 ©
subunit P

Hypothetical proteins and yefl @, yef2®

conserved reading frames

Note:
2 Duplicated gene in IR region.
b Genes containing single intron.
¢ Genes containing two introns.

Prime v2024.0.1 via the Map to Reference function with default settings and 100 iterations.
Then, the mapped reads were extracted and de novo assembled using Geneious Prime with de-
fault settings to complete the cpDNA of C. yokdonenesis. The coverage depth of the cpDNA was
then generated using a previous protocol [13]. The cpDNA of C. yokdonensis was annotated us-
ing Geseq website (https://chlorobox.mpimp-golm.mpg.de/geseq.html) [14]. The annotations of
protein-coding genes were verified using Geneious Prime v2024.0.1 for the start and stop codons.
The map of the cpDNA was illustrated using OGDRAW v1.3.1 (https://chlorobox.mpimp-golm.
mpg.de/OGDraw.html) with default settings [15].

4.3. Phylogenetic analysis

For reconstructing phylogenetic relationships, a total of 33 cpDNAs composed of 30 Camellia
species and 3 outgroups of Polyspora longicarpa (Hung T.Chang) C.X.Ye ex B.M.Barthol. & T.L.Ming,
Tutcheria championii Nakai, and Schima superba Gardner & Champ. of Theaceae were downloaded
from the GenBank database. The complete cpDNAs were then aligned using MUSCLE v5 with de-
fault settings [16]. The aligned sequences were used to reconstruct the phylogenetic trees using
the maximum likelihood (ML) method via IQ-TREE website [17]. The best substitution model
of the aligned sequences, identified as GTR+I+G model, was evaluated using jModelTest2 [18].
For ML analysis, ultrafast bootstrap with 1000 bootstrap alignments, and the Sh-aLRT branch
test with 1000 replicates were set up. The phylogenetic tree was illustrated and modified using
Figtree v1.4.5 (https://github.com/rambaut/figtree/releases).
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Fig. 4. Phylogenetic tree in cladogram format of Camellia yokdonensis and related species inferred from whole chloro-
plast genome using maximum likelihood method. Bold highlighted name indicates target species in the current study.
Only bootstrap values under 100 were shown in the phylogenetic tree. The phylogram on the upper-left corner presents
the original tree with nucleotide substitution rates. Numbers following the species names represent GenBank accession
numbers

Limitations

Although this study reports the first complete chloroplast genome of Camellia yokdonensis,
the dataset is generated from only one individual. Therefore, it only provides initial information
of chloroplast genome of C. yokdonensis. More chloroplast genomic data should be explored to
provide sufficient data for elucidating evolutionary history, population genetics, and molecular
markers of C. yokdonensis and related species in Theaceae.
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