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Abstract

Gleditsia sinensis Lam. has significant medicinal and economic value. By utilizing SLAF-Seq technology, we developed
single nucleotide polymorphism (SNP) markers to analyze the genetic diversity of this species, providing a basis for the
conservation and utilization of germplasm resources. In this study, we conducted SNP marker development on 159 G.
sinensis samples from Guizhou Province, identifying a total of 132,709 population SNPs. The number of SNPs per sample
ranged from 27,292 to 76,870, with heterozygosity rates ranging from 4.17-15.92%. The analysis of population genetic
structure indicated that these 159 G. sinensis samples could be divided into five groups. The genetic distances among
samples from the same provenance were close, while gene flow was observed among germplasm resources from
different geographical populations. The nucleotide diversity level of population Q5 was relatively high, and the Tajima’s D
test suggested that rare alleles were scarce within the populations, with the majority of genes being neutral, indicating a
state of equilibrium. This study provides fundamental data for the collection of G. sinensis germplasm resources and the
breeding of superior varieties.

Introduction

Gleditsia sinensis Lam. is a species that belongs to the genus Gleditsia within the subfamily Caesalpinioideae of the
family Leguminosae. This species is valued for its medicinal and culinary applications.The primary utilizable components
of the plant include thorns, pods, and seeds (commonly referred to as "soap bean kernels") Each of these components
possesses considerable medicinal and economic value. (Xiao et al., 2023). The thorns are used in traditional medicine
(Shu et al., 2023), the pods are rich in saponins and serve as natural detergents, while the seeds are edible. Additionally,
the durable wood of G. sinensis is iparticularly well-suited for both domestic and artisanal applications.This species is
widely distributed across 19 provinces in China. MaxEnt and ArcGIS analyses suggest that G. sinensis possesses a wide
range of potentially suitable habitats across China, with medium- and high-suitability zones covering approximately
13.76% of the country's total area (Yang et al., 2022).

Investigating and collecting elite germplasm resources is essential for promoting the development of the G. sinensis
industry and enhancing genetic improvement. The genetic diversity of G. sinensis populations is intricately linked to their
geographic distribution as well as anthropogenic activities (Li et al., 2017).Research on the germplasm of Guizhou has
demonstrated significant phenotypic variation both among and within populations (Tian et al., 2022).Pod morphological
indices exhibit an increasing trend with elevation, whereas seed size shows a decreasing pattern. Additionally, seeds
demonstrate a gradual enlargement trend from the south to the north and from the east to the west across Guizhou (Tian,
2022). Seedling height growth across ten populations from six southern provinces of China exhibits a significant negative
correlation with both latitude and annual average temperature, indicating the presence of a latitudinal cline.(Li,
2013).SRAP (sequence-related amplified polymorphism) marker analysis of 203 samples from 14 natural populations
revealed genetic distances ranging from 0.0504 to 0.3596, with significant positive correlations between geographic and
genetic distances (Tian et al., 2023).Amplification techniques such as RASP (Fan et al., 2017), SRAP (Zhang et al., 2017),
and SCoT (Zhang et al., 2017) have demonstrated a high level of polymorphism across 18 germplasm resources of G.
sinensis.

Simplified genome sequencing provides a technical basis for elucidating patterns of species population distribution and
facilitating genetic enhancement.SLAF-Seq (Specific-Locus Amplified Fragment Sequencing) identifies approximately one
tag per 10 kb with a uniform distribution while avoiding repetitive sequences. This method is more cost-effective
compared to Genotyping-by-Sequencing (GBS) or Restriction-site Associated DNA Sequencing (RAD-seq) (Chen et al.,
2022; Sun et al., 2013). Due to its high efficiency in the development of SNP markers, SLAF-Seq has been extensively
utilized across a variety of plant species.(Shen et al., 2024; Li et al., 2024). In this study, we utilized SLAF-Seq to generate
SNP markers for 159 Gleditsia sinensis germplasms collected from Guizhou Province. This analysis aimed to assess
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their genetic diversity and provides a foundational basis for the selection of germplasm resources and the identification
of cultivars.

Materials and Methods
Plant Materials

A total of 159 leaf samples of G. sinensis were collected from eight distinct regions across Guizhou Province (Table 1).
Healthy leaves were immediately flash-frozen in liquid nitrogen and subsequently stored at -80°C. DNA extraction was
performed using the CTAB method, followed by quantification via spectrophotometry and verification through 1.5%
agarose gel electrophoresis. Qualiflied DNA samples were preserved at -20°C for subsequent experiments.

Table 1
Leaf collection information of G. sinensis population in Guizhou Province
Group Region Collection Sites Longitude Latitude Altitude No. of
(°E) (°N) (m) Individuals
QN Qiannan Guiding,Huishui 106.18 ~ 25.89 ~ 928.83 13
106.93 26.73 ~
1390.4
QDN Qiandongnan  Leishan,Majiang,Taijiang 106.88 ~ 2640~  613.45 28
108.07 28.73 ~
1330.2
AS Anshun Pingba 106.22 ~ 26.35~ 12953 12
106.89 26.47 ~
1398.0
QXN Qianxinan Puan,Qinglong,Anlong,Ceheng,Xingren 105.00 ~ 2491~  751.28 20
105.98 25.96 ~
1582.2
BJ Bijie Zhijin,Dafang 105.38 ~ 26.49~  1199.0 22
106.03 27.31 ~
1703.0
LPS Liupanshui Liupanshui 104.62 ~ 26.17~ 1215.0 19
105.63 26.81 ~
1935.7
TR Tongren Sinan,Dejiang,Yinjiang,Shigian 107.97 ~ 2748~ 4147 21
108.61 28.30 ~
1012.0
Y Zunyi Huichuan,Honghuagang,Meitan,Wuchuan  106.67 ~ 27.56~ 712.0 24
107.90 28.80 ~
1330.2

Restriction Digestion and High-Throughput Sequencing

Genomic DNA was digested using Rsal and Haelll, resulting in the selection of fragments ranging from 364 to 414 bp as
SLAF tags. Libraries were constructed through A-tailing, adapter ligation, PCR amplification, and size selection (Kozich et
al., 2013), followed by sequencing on an lllumina platform. The data were processed with FASTQ and BMK_Control for
quality assessment.

SNP Marker Statistics and Genetic Diversity Analysis
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SNP markers were developed using the highest-depth sequence from each SLAF tag as a reference. Reads were aligned
with BWA, and SNPs were identified using GATK (v3.8) and SAMtools (v1.9). Genome-wide SNPs were filtered based on
minor allele frequency (MAF: 0.05) and site integrity (INT: 0.5) to retain high-confidence SNPs for subsequent analyses.

For phylogenetic analysis, a neighbor-joining tree was constructed using MEGA X (Tamura et al., 2011), employing the
Kimura two-parameter model with 1,000 bootstrap replicates. Population structure was inferred through ADMIXTURE,
testing subgroup numbers (K values) ranging from 1 to 10, followed by clustering and cross-validation.

Principal component analysis (PCA) was performed on the SNP data using EIGENSOFT software (version 6.0; Price et al.,
2006). Genetic diversity parameters were assessed utilizing VCFtools.

Results and Analysis
SLAF Marker Development

The SLAF-Seq analysis of 159 G. sinensis samples generated a total of 805 Mb of sequencing data, achieving an average
Q30 score of 93.50% and a GC content of 38.42%. A comprehensive set of 844,847 SLAF tags was obtained, with an
average sequencing depth of 12.22x. Utilizing the Genome Analysis Toolkit (GATK), we identified 132,709 high-quality
SNPs across the samples, with individual sample counts ranging from 27,292 to 76,870 SNPs and heterozygosity rates
varying between 4.17% and 15.92%.

Population Genetic Structure Analysis

Population structure analysis of 159 individuals, with K values preset from 1 to 10, revealed the lowest cross-validation
error at K = 5 (Fig. 4a), indicating five distinct genetic groups. Group Q1 included CH-1, CH-2, CH-7, HC-34, HC-39, MT-8,
MT-8-1, PA-6, TZ-1, and TZ-6; Q2 comprised DF-5, HC-5, HS-1, HS-15, HS-17, LPS-1, LPS-20, LPS-23, and LPS-69; Q3
encompassed DF-7, DJ-11, DJ-22, DJ-24, DJ-5, DJ-6, and HHG-15; Q4 included AL-2, DF-2, GD-12, GD-17, GD-3, HC-36, and
HHG-13; Q5 consisted of DF-12, DF-9, DQ, GD-11, HC-9, HHG-03, HS-12, HS-4, HS-6, HS-9, LPS-12, LPS-21, LPS-35, LPS-4,
LPS-56, LPS-61, LPS-62, LS-11, LS-14, MJ-1, MJ-21, MJ-27, MJ-32, MJ-56, MT-9, PA-3, PB-12, PB-3, PB-5, PB-9, QL-6, QL-9,
SN-16, ZJ-14, 2J-17, ZJ-2, ZJ-28, ZJ-38, and ZJ-6.

Phylogenetic Tree Analysis

A neighbor-joining phylogenetic tree constructed using MEGA X (Fig. 2a) revealed close genetic distances among
samples originating from the same geographic locations. Conversely, principal component analysis (PCA) of population
structure (Fig. 2b) indicated potential gene flow between populations.

Genetic Diversity Analysis

Individual heterozygosity ranged from - 0.41758 to 0.86718, with mean values for Q1-Q5 being 0.2047, 0.3696, 0.1933,
0.1600, and 0.1168, respectively. Nucleotide diversity (Pi) analysis (Fig. 3a) indicated a slightly higher diversity in Q5
(mean Pi =0.0285), which included individuals from Zhijin (ZJ-14, ZJ-17, ZJ-2, ZJ-28, ZJ-38, ZJ-6), Liupanshui (LPS-12,
LPS-21, LPS-35, LPS-4, LPS-56, LPS-61, LPS-62), and Majiang (MJ-1, MJ-21, MJ-27, MJ-32, MJ-56). Tajima’s D values (Fig.
3b) averaged at 0.359 for Q5, surpassing those of the other groups examined. Pairwise Fst values Q1, Q2, Q3, Q4, and Q5
were 0.07, 0.026, 0.032, and 0.032, respectively, suggesting moderate genetic differentiation among these groups.

Discussion
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With the advancement of high-throughput sequencing technologies, SLAF-Seq, which utilizes second-generation
sequencing methods, has demonstrated its efficacy in developing reliable SNP and InDel markers. This approach offers
significant advantages for germplasm classification, studies on population evolution, and gene association analyses. For
example, simplified genome sequencing has been employed to differentiate 12 clones of Camellia oleifera and to
construct SNP fingerprint profiles (Liao et al., 2024). Similarly, SLAF-Seq facilitated the classification of 195 pepper
germplasmes into three distinct subgroups (Chen et al., 2023). In this study, SLAF-Seq was utilized for the first time to
evaluate the genetic diversity of 159 Gleditsia sinensis samples collected from Guizhou Province. Using GATK software, a
total of 132,709 high-quality SNPs were identified; within individual samples, SNP counts ranged from 27,292 to 76,870
with heterozygosity rates varying between 4.17% and 15.92%.

Population genetic structure analysis indicated that the 159 G. sinensis individuals could be categorized into five distinct
groups. Genetic distances were found to be closer among individuals sharing the same geographic origin, suggesting
potential gene flow between populations. The mean heterozygosity values for groups Q1 through Q5 were 0.2047, 0.3696,
0.1933,0.1600, and 0.1168, respectively.Population Q5 exhibited a marginally elevated level of nucleotide diversity (Pi =
0.0285) in comparison to the other groups. Furthermore, Tajima’s D, which quantifies intraspecific polymorphism and
serves as an indicator for neutral evolution, was significantly higher in Q5 than in the other populations.All groups
exhibited positive Tajima'’s D values, indicating an excess of intermediate-frequency alleles. This phenomenon may be
attributed to bottleneck effects, population structure dynamics, or balancing selection (Li et al., 2020). Simplified genome
sequencing of the 159 G. sinensis samples revealed moderate to strong genetic differentiation among them, with
pairwise Fst values ranging from 0.07 to 0.80 (Yin et al., 2023). Notably, the average Fst values recorded at 0.07, 0.026,
0.032, and 0.032 between Q5 and the other groups (Q1-Q4), respectively. this indicates relatively low levels of genetic
differentiation overall.
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Figure 2
Phylogenetic tree analysis and PCA analysis
(a) Phylogenetic tree analysis;(b) PCA analysis

Note: The names of the samples in the inner circle of Figure a were mapped according to administrative divisions, while
the outer circle was mapped according to the population structure of admixtures; In Figure b, different populations were
divided according to their population structure, and the periphery was drawn using geomer_mark'hull.
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Comparison of population diversity parameters
(a) The nucleotide diversity levels of different populations; (b) Comparison of Tajima'’s D values for different populations.

Note: The sliding window size was set to 10, and the curve fitting model is based on loess by the geom_smooth.
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