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Abstract 

Objectives  Toona sinensis, commonly known as Chinese toon, is a perennial woody plant with significant economic 
and ecological importance. This study employed whole-genome resequencing of 180 T. sinensis samples collected 
from Shandong to analyze genetic variation and diversity, ultimately identifying 18,231 high-quality SNPs after rigor‑
ous quality control and linkage disequilibrium pruning. This comprehensive genomic resource provides novel insights 
into the genetic architecture of T. sinensis, facilitating the elucidation of population structure and supporting future 
breeding programs.

Data description  We performed whole-genome resequencing on 180 Toona sinensis samples, generating 
1170.26 Gbp of clean data with a Q30 percentage of 93.69%. The average alignment rate to the reference genome 
was 96.72%, with an average coverage depth of 8 × and a genome coverage of 88.71%. Following data quality control 
and alignment, we performed SNP calling and filtering to identify high-quality SNPs across all samples. Population 
structure analyses were then conducted using the identified SNPs, including principal component analysis (PCA), 
structure analysis, and phylogenetic tree construction. These comprehensive analyses provide a foundation for under‑
standing the genetic diversity and evolutionary dynamics of T. sinensis.
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Objective
Toona sinensis, a member of the Meliaceae family, is 
widely cultivated for its edible young leaves, medicinal 
properties, strong adaptability, and resilience [1]. This 

plant is significant for both ecological restoration and 
agricultural applications. The young leaves of T. sinensis 
are not only highly nutritious but have also been tradi-
tionally recognized for their health benefits, including 
anti-inflammatory and anti-cancer properties [2].

Despite its significant economic and medicinal value, 
the genetic diversity and population structure of T. sin-
ensis have yet to be thoroughly elucidated, hindering effi-
cient conservation and breeding programs. Population 
structure analyses, including principal component anal-
ysis (PCA), ADMIXTURE, and phylogenetic tree con-
struction, indicated the presence of four distinct genetic 
subgroups among the samples. These findings high-
light the genetic diversity within T. sinensis populations, 
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Table 1  Overview of data files/data sets

Label Name of data file/data set File types Data repository and identifier

Data file 1 Sample information Dataset (.xlsx) li, leilei. Figshare. (2024) https://​doi.​org/​10.​6084/​m9.​figsh​are.​27224​772 [3]

Data file 2 Illumina resequencing reads Fastq file (fq.gz) China National GeneBank DataBase (Accession no: CNP0006008) [4]

Data file 3 Reference genome assemble Fasta file (fasta.gz) China National GeneBank DataBase (Accession no: CNA0019196) [7]

Data file 4 Genotyping data before filtering VCF file (vcf.gz) li, leilei. Figshare. (2024) https://​doi.​org/​10.​6084/​m9.​figsh​are.​27224​772.​v3. [3]

Data file 5 SNP data comprising 18,231 variants VCF file (vcf.gz) li, leilei. Figshare. (2024) https://​doi.​org/​10.​6084/​m9.​figsh​are.​27224​772.​v3. [3]

Data file 6 Figure 1 PDF file (.pdf ) li, leilei. Figshare. (2024) https://​doi.​org/​10.​6084/​m9.​figsh​are.​27224​772.​v3. [3]

Fig. 1  Population structure of 180 accessions of Toona sinensis. A Plots of T. sinensis individual ancestry inference for K = 2 to 4 based on 18,231 SNPs. 
B PCA plots of the first two components of 108 accessions. C Phylogenetic tree of all accessions inferred from 18,231 SNPs
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providing valuable insights for future breeding and con-
servation of this economically important species.

Data description
We sampled 180 Toona sinensis individuals (Table  1, 
Data file 1) [3] from Shandong Province, China, to assess 
intraspecific genetic diversity. Resequencing these sam-
ples using an Illumina platform generated a total of 
1170.26  Gb of clean data (Table  1, Data file 2) [4], with 
a Q30 score of 93.69%. Clean reads were then aligned to 
the T. sinensis reference genome (Table 1, Data file 3) [5] 
using the Burrows-Wheeler Alignment (BWA) [6] tool. 
The average alignment rate was 96.72%, with an average 
coverage depth of 8 × and a genome coverage of 88.71%.

We employed the Genome Analysis Toolkit (GATK) [8] 
for variant calling to detect single nucleotide polymor-
phisms (SNPs) (Table 1, Data file 4) [3] and filtered them 
using the following parameters: QD < 2.0, MQ < 40.0, 
FS > 60.0, QUAL < 30.0 and MQrankSum < -12.5. After 
performing linkage disequilibrium pruning using vcftools 
(v.0.1.15) [9], a total of 18,231 high-confidence SNPs 
(Table 1, Data file 5) [3] were obtained for further popula-
tion structural analyses. To explore the genetic structure 
of T. sinensis populations, we employed the ADMIX-
TURE software [10], utilizing the 18,231 high-confidence 
SNPs. Testing was conducted on ancestral population 
numbers (K) ranging from 1 to 10 to infer the optimal 
population structure.

The analysis indicated an optimal population struc-
ture at K = 4, resulting in the identification of four 
unique genetic subpopulations, denoted as G1-G4 
(Fig.  1A). G3 is the largest group, exhibiting a sig-
nificant number of individuals with admixed ancestry, 
specifically with G4. G2 demonstrated a relatively con-
sistent genetic composition with limited admixture. 
G1, having the smallest population size, comprised 
some individuals with unique genetics while others 
exhibited admixture with G3.

A neighbor-joining phylogenetic tree was constructed 
with 1,000 bootstrap replicates using MEGA X software 
[11] to investigate phylogenetic relationships among T. 
sinensis accessions based on the 18,231 SNP dataset, and 
it was further visualized using the ggtree package [12] in 
R. The resulting tree validated the population structure 
findings, as the accessions clustered into four distinct 
groups corresponding to G1-G4 (Fig. 1B). The G3 lineage 
occupied the largest area of the phylogenetic tree, indi-
cating its extensive genetic diversity.

The findings of the population structure were further 
substantiated by PCA, as presented in Fig. 1C. A clear 
demarcation into four key clusters was evidenced in the 
PCA plot, corroborating the results obtained from the 
ADMIXTURE and phylogenetic analyses. Finally, the 

comprehensive results obtained from this study suggest 
that the T. sinensis population can be classified into 
four predominant genetic lineages. The G3 population 
exhibits extensive genetic diversity and admixture lev-
els, likely reflecting heightened gene flow. The G2 lin-
eage demonstrates a relatively homogeneous genetic 
structure, while the G1 lineage, characterized by the 
smallest effective population size, exhibits unique 
genetic characteristics in certain individuals and intro-
gression with other lineages in some individuals. These 
findings provide valuable insights into the evolutionary 
history, genetic diversity and evolution of T. sinensis 
populations.

Limitations
The primary limitation of this study is the average cover-
age depth of 8X, which may not be sufficient for detect-
ing rare variants with high confidence. Additionally, the 
study focuses on a specific set of samples, which may 
not represent the full genetic diversity of Toona sinensis 
across its entire geographical range. Future studies with 
higher coverage and a broader sample collection are nec-
essary to gain a more comprehensive understanding of 
the genetic diversity of this species.
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SNP	� Single Nucleotide Polymorphism
GATK	� Genome Analysis Toolkit
BWA	� Burrows-Wheeler Alignment

Acknowledgements
Not applicable.

Authors’ contributions
Lei Wang was responsible for generating and analyzing the sequencing data, 
preparing Fig. 1, and writing the manuscript. Chang Lu, Zhi-Gang Bao, Meng 
Li, Fusheng Wu collected samples, Yi-Zeng Lu, Bo-Qiang Tong, assisted in 
assembling the genome. Mei Yu and Yong-Jun Zhao were jointly conceived 
and designed this project. All of the authors have read and approved the final 
version of this manuscript.

Funding
The study was supported by the Subject of Key R & D Plan of Shan‑
dong Province (Major Scientific and Technological Innovation Project, 
No.2021LZGC02304) and Central financial forestry reform and development 
funds ’ Toona sinensis efficient cultivation standardization demonstration’ 
(Lu(2024)TG03).

Data availability
The raw sequencing data are available at the China National GeneBank Data‑
Base (CNGBdb) with the accession number CNP0006008. Data files 4 and 5 
listed Table 1 are freely and openly accessible on Figshare (https://​doi.​org/​10.​
6084/​m9.​figsh​are.​27224​772.​v3).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

https://doi.org/10.6084/m9.figshare.27224772.v3
https://doi.org/10.6084/m9.figshare.27224772.v3


Page 4 of 4Wang et al. BMC Genomic Data            (2025) 26:1 

Competing interests
The authors declare no competing interests.

Received: 6 September 2024   Accepted: 27 November 2024

References
	1.	 Peng W, Liu Y, Hu M, et al. Toona sinensis: a comprehensive review on its 

traditional usages, phytochemisty, pharmacology and toxicology. Revista 
brasileira de farmacognosia: orgao oficial da Sociedade Brasileira de 
Farmacognosia. 2019;29(1):111–24.

	2.	 Zhao Q, Zhong X-L, Zhu S-H, et al. Research advances in Toona sinensis, 
a traditional Chinese medicinal plant and popular vegetable in China. 
Diversity. 2022;14(7):572.

	3.	 Li L. Figshare. https://​doi.​org/​10.​6084/​m9.​figsh​are.​27224​772.​v3. 2024.
	4.	 China National GeneBank. Illumina sequencing reads of Toona sinensis. 

https://​db.​cngb.​org/​searc​h/?q=​CNP00​06008. 2024.
	5.	 Ji Y-T, Xiu Z, Chen C-H, et al. Long read sequencing of Toona sinensis 

(A. Juss) Roem: A chromosome-level reference genome for the family 
Meliaceae. Mol Ecol Resour. 2021;21(4):1243–55.

	6.	 Li H, Durbin R. Fast and accurate short read alignment with Burrows-
Wheeler transform. Bioinformatics. 2009;25(14):1754–60.

	7.	 China National GeneBank. Genome Assembly of Toona sinensis. https://​
db.​cngb.​org/​search/​assem​bly/​CNA00​19196.

	8.	 McKenna A, Hanna M, Banks E, et al. The genome analysis Toolkit: a 
MapReduce framework for analyzing next-generation DNA sequencing 
data. Genome Res. 2010;20(9):1297–303.

	9.	 Danecek P, Auton A, Abecasis G, et al. The variant call format and 
VCFtools. Bioinformatics. 2011;27(15):2156–8.

	10.	 Alexander DH, Novembre J, Lange K. Fast model-based estimation of 
ancestry in unrelated individuals. Genome Res. 2009;19(9):1655–64.

	11.	 Kumar S, Stecher G, Li M, et al. MEGA X: molecular evolutionary genetics 
analysis across computing platforms. Mol Biol Evol. 2018;35(6):1547–9.

	12.	 Yu G. Using ggtree to visualize data on tree-like structures. Curr Protoc 
Bioinformatics. 2020;69(1):e96.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.6084/m9.figshare.27224772.v3
https://db.cngb.org/search/?q=CNP0006008
https://db.cngb.org/search/assembly/CNA0019196
https://db.cngb.org/search/assembly/CNA0019196

	Population structure and genetic diversity of Toona sinensis revealed by whole-genome resequencing
	Abstract 
	Objectives 
	Data description 

	Objective
	Data description
	Limitations
	Acknowledgements
	References


