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Abstract
Bupleurum (named “Chai-hu”) is an important traditional Chinese medicine resource in China. It has been widely used since
ancient times and has antipyretic, analgesic and cholagogic functions, but there is little research on its genetic diversity. In
this study, genotyping-by-sequencing (GBS) was used to detect SNP loci in 39 Bupleurum germplasm resources from
different regions in China and analyse their genetic diversity. A total of 25.1 Gb of data was obtained by sequencing, with an
average of 0.64 Gb per sample. After screening, 83898 high-quality SNPs were obtained. The results of genetic research
were obtained by phylogenetic tree, principal component analysis and population structure analysis, and the 39
experimental materials were divided into three groups. The average observed heterozygosity and expected heterozygosity of
Bupleurum populations were 0.24 and 0.17, respectively, indicating that Bupleurum populations from �ve different
provinces had a low level of genetic diversity. Population nucleotide diversity analysis and analysis of molecular variance
showed that the percentage of intrapopulation variation was 120.88%, while the percentage of interpopulation variation was
only 2.46%. There was relative aggregation of Bupleurum samples with the same geographical origin, but the division of
population structure was not completely correlated with sample origin. The results showed that the genetic diversity of the
materials was low and that the genetic variation was narrow. This provides a good basis for the genetic breeding and
protection of species diversity of Bupleurum.

1 Introduction
Bupleurum chinense DC. is one of the most commonly used medicinal herbs belonging to the genus Bupleurum and is
named “Chai-hu” (Radix Bupleuri). It has been broadly used for approximately 2000 years, with records in the historical
Chinese book “The Herbal Classic of Shen Nong” [1]. B. chinense possesses diverse TCM value, including in the treatment
of in�uenza, fever, hepatitis, pancreatitis, in�ammation, malaria and depression [2, 3]. Extracts from the roots of B. chinense
contain large amounts of bioactive �avonoids, saikosaponins (A, B, D, F), sesquiterpenes, alkaloid glycosides, saponins and
volatile oils, which exhibit anti-in�ammatory, antioxidant, antidepressant, antiapoptotic, and antiaddictive pharmacological
functions [4–10].

As described in the Pharmacopoeia of the People's Republic of China, B. chinense is derived from the roots of Bupleurum
chinense DC. (called ‘Bei Chaihu’) and Bupleurum scorzonerifolium Willd. (called ‘Nan Chaihu’) of the Umbelliferae [11].
Recently, more than 20 other counterfeit plants have been used to treat related diseases. Parts of other species have been
used under same name of ‘Chaihu’, including Dianthus superbus L., Bupleurum pyramidalis., Bupleurum longiradiatum
Turez., Stellaria dichotoma L. var. lanceolata Bge., Bupleurum smithii Wolff var. parvifolium Shan et Y. Li and other species
[12]. However, research shows that different species markedly in�uence the pharmacological effects and medicinal value of
these herbal products. For this reason, the evaluation and utilization of the genetic resources of this important herb is of
great signi�cance for future breeding. The genetic background of Bupleurum chinense DC. has typically been determined
based on inter simple sequence repeat (ISSR) and simple sequence repeat (SSR) molecular markers [13–14]. However,
these two kinds of DNA markers have limitations, such as a low reproducibility and limited quantity [15].

Genotyping-by-sequencing (GBS) is a common simpli�ed genome sequencing technology that is suitable for population
research, germplasm identi�cation, genetic improvement and trait mapping in a variety of sources. This method can
generate high-density and low-cost genotyping data and is appropriate for assessing the genetic variation of organisms
with very large genomes. The lack of a need for a reference genome makes it very useful in nonmodel plants [16–18]. For
example, the genetic diversity and population structure of 103 popcorn germplasm samples were analysed by GBS, and the
genetic diversity, population structure and heterosis patterns were revealed, which provided a basis for cross breeding with
existing maize germplasm resources [19]. GBS analysis of 610 pumpkin germplasm resources from global sources revealed
2071 high-quality single nucleotide polymorphisms (SNPs) distributed on 20 chromosomes. The genetic structure of
different germplasm resources worldwide was studied based on this valuable information, and new gene banks were
established [20]. A total of 180 common wheat populations from Asia and Europe between 30° and 45° latitude were
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analysed using GBS, and 24767 high-quality SNPs were used to analyse their genetic diversity and population structure.
The results can not only help breeders understand the genetic diversity of wheat germplasm resources but also provide
valuable information for wheat genetic improvement through the exploitation of new genetic variations in this region [21].

In this study, GBS was used for the �rst time to analyse the genetic diversity and population structure of 39 samples of B.
chinensis collected from different provinces of China, providing a theoretical basis for the e�cient utilization and genetic
breeding of B. chinensis germplasm resources.

2 Materials And Methods

2.1 Plant materials and DNA extraction
Thirty-nine test materials of B. chinensis were collected from 14 various habitats of 5 different provinces, and these
samples were checked by Professor Dezhi Ma (Table 1). Fresh leaves of these plants were collected for grinding, and DNA
samples were extracted using a spin column reagent (Tiangen Biotech, Beijing, China) according to the isolation kit
instructions and used for ampli�cation. DNA purity and integrity were analysed by agarose gel electrophoresis, nanodrop
detection (OD260/280 ratio) and Qubit accurate quanti�cation methods. High-quality DNA after concentration and purity
determination was used for GBS library construction and sequencing.
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Table 1
Summary of the tested Bupleurum samples

Species No. Collection location

(Longitude and Latitude)

Species No. Collection location

(Longitude and Latitude)

B.
chinense
DC.

HB1 Hebei(117.298;40.908) B. chinense DC. HRB2 Heilongjiang(126.649;45.924)

  HB2 Hebei(117.275;40.869)   HRB3 Heilongjiang(126.906;45.902)

  HB3 Hebei(117.310;40.856)   DQ1 Heilongjiang(125.102;46.521)

  HB4 Hebei(117.737;41.355)   DQ2 Heilongjiang(125.150;46.443)

  HB5 Hebei(117.774;41.354)   DQ3 Heilongjiang(125.085;46.462)

  HB6 Hebei(117.774;41.297)   ZZ1 Heilongjiang(125.289;45.707)

  BJ2 Beijing(116.789;40.252)   ZZ2 Heilongjiang(125.307;45.699)

  BJ3 Beijing(116.858;40.427)   ZZ3 Heilongjiang(125.243;45.695)

  BJ4 Beijing(116.774;40.438)   DF4 Shaanxi(110.336;33.686)

  BJ5 Beijing(116.556;40.345)   DF5 Shaanxi(110.340;33.654)

  BJ7 Beijing(116.571;40.329)   DF6 Shaanxi(10.245;33.704)

  GS1 Gansu(105.036;33.387) B.
scorzonerifolium Willd.

MH1 Heilongjiang(129.699;44.619)

  GS2 Gansu(105.007;33.374)   MH3 Heilongjiang(129.620;44.653)

  GS3 Gansu(104.912;33.386) B. sibiricum Vest. Q1 Heilongjiang(129.699;44.619)

  GS4 Gansu(104.331;33.765)   Q2 Heilongjiang(129.620;44.655)

  GS6 Gansu(104.353;33.769)   Q3 Heilongjiang(129.571;44.641)

  BQ1 Heilongjiang(126.129;47.611) B. longiradiatum
Turcz.

DY1 Heilongjiang(129.692;44.622)

  BQ2 Heilongjiang(126.092;47.587)   DY2 Heilongjiang(129.595;44.631)

  BQ3 Heilongjiang(126.068;47.585)   DY3 Heilongjiang(129.494;44.625)

  HRB1
B2B1

Heilongjiang(126.476;45.936)      

2.2 GBS library construction and data analysis
The GBS library was constructed according to a procedure described earlier with slight revisions [22–24]. Brie�y, total
genomic DNA was diluted to 20 ng/µl with distilled water for the preparation for GBS analysis, and was digested with Mse
(New England Biolabs) at 80 ℃ for 30 min. The digested DNAs were ligated with barcoded adapters using T4 ligase, and all
ligated fragments and PCR products were cleaned up using a QIAquick PCR puri�cation kit (Qiagen). The cleaned PCR
products were quanti�ed, and the correct-sized fragments were selected with an E-gel system. The library concentration was
estimated by a Qubit 2.0 �uorometer, and the library was sequenced on an Illumina HiSeq PE150 (Illumina). Then, clean
reads were aligned to the simulated reference genome after analysis of clustering with stacks software. According to the
suitable mapped reads from 39 Bupleurum samples, SNPs were detected and genotyped using SAMTOOLS software.

2.3 Population genetic structure analysis
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The pedigree relationship of Bupleurum resources was determined using the unsupervised clustering method with
ADMIXTURE software [25]. The admixture model was run �ve independent times with K values ranging from 2 to 11. The
individual samples were designated to each cluster after characterization of the number of K values according to the
optimal grouping.

Evolution analysis was checked with TreeBest software (http://treesoft.sourceforge.net/treebest.shtml)using the NJ
(neighbour-joining) method with 1,000 bootstrap values and shown with a phylogenetic tree. Principal component analysis
(PCA) was performed with GCTA software (http://cnsgenomics.com/software/gcta/pca.html), and several components
were analysed by a covariance matrix. We used the �rst three components with high eigenvalues for further analysis, and
the results of PCA were visualized using R.

2.4 Genetic diversity analysis
Arlequin software [26] was used to calculate the observed heterozygosity (Ho) and expected heterozygosity (He). Ho is
shown as the ratio of the number of heterozygous individuals to the total number of samples. He was determined according
to Nei’s method [27], which describes the average distance between samples within the same subpopulation. Nucleotide
diversity (π) was also calculated to analyse the subpopulation-level polymorphism, and AMOVA revealed the genetic
variation among the different subpopulations based on the �ltered SNP loci.

3 Results

3.1 GBS analysis and SNP characterization
For the 39 Bupleurum accessions, GBS sequencing produced 1.3 billion clean reads, and more than 1.9 million reads per
sample were retained for alignment. The number of clean reads ranged from 1,961,510 (HB2) to 6,702,434 (BJ2), with an
average of 3,379207. The information for each of 39 accession reads was aligned to the simulated reference genome of
BQ2, which has the highest tag number (5,192,250) (Table S1). In the 39 Bupleurum samples, an average of 2,657,398
(78.1%) reads were mapped to the reference genome. Among them, BJ3 showed the highest mapping rate (87.97%), and
DY2 showed the lowest mapping rate (72.16%) (Table S2). After successful mapping, a total of 85,251 GBS SNPs were
recognized, and 83,898 SNPs were obtained after �ltering out multiple allele loci using Beagle software.

3.2 Population structure analysis
The K-value was calculated to evaluate the different clusters of these 39 Bupleurum samples based on 83,898 genome-wide
SNPs with high-quality data. The cross-validation (CV) error was estimated to test the optimal K-value. From 2 to 11, the
best K-value showed four groups with the highest probability of clustering according to the genetic background information
instead of the sample collection location (Fig. 1). The four groups of 39 accessions accounted for 30.77%, 28.21%, 25.64%
and 15.38%, respectively. Cluster  contained 12 accessions of B. chinense, mainly from Hebei Province and Beijing, except
for one sample from Heilongjiang Province (HB1, HB2, HB3, HB4, HB5, HB6, BJ2, BJ3, BJ4, BJ5, BJ7, MH1). Cluster 
included 11 accessions of B. chinense mainly from Shaanxi, Heilongjiang and Gansu Provinces (HRB1, HRB2, HRB3, DF4,
DF5, DF6, GS1, GS2, GS3, GS4, GS6). Cluster  included all 10 resources from Heilongjiang Province. However, these
samples belong to different species. Three accessions were B. chinense (BQ1, BQ3, ZZ1), 3 samples were B. sibiricum Vest.
(Q1, Q2, Q3), 3 accessions were B. longiradiatum Turcz. (DY1, DY2, DY3) and one sample was B. scorzonerifolium Willd.
(MH3). Cluster  contained the remaining 6 B. chinense resources from Heilongjiang Province (ZZ2, ZZ3, DQ1, DQ2, DQ3,
BQ2).

Neighbour-joining (NJ) tree analysis was performed based on 83,898 SNPs and classi�ed the 39 Bupleurum into three
major groups: (1) B. chinense samples from Shaanxi Province; (2) B. chinense accessions from Gansu, Hebei Province and
Beijing; and (3) B. chinense, B. scorzonerifolium, B. sibiricum and B. longiradiatum resources from Heilongjiang Province.
Group  was split into 2 subgroups on the basis of the population structure results. The �rst subgroup mainly corresponded
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to samples from Gansu Province, and the second subgroup corresponded to samples from Hebei Province and the city of
Beijing (Fig. 2).

The relationship between the 39 Bupleurum accessions was explored based on the broad geographical regions using PCA.
The samples showed a relatively tight distribution in the PCA results (Fig. 3). The majority of the B. chinense accessions
from Hebei Province and the city of Beijing were distributed in group , resources of B. chinense from Gansu and Shaanxi
Provinces were clustered in group . Group  contained the other three “Chai-hu” species from Heilongjiang Province, and
group  clustered accessions of B. chinense from Heilongjiang Province.

3.3 Genetic diversity analysis
The tested Bupleurum materials were divided into 11 populations according to geographical origin and species (Table 1).
The observed heterozygosity (Ho) ranged from 0.21 to 0.27 with an average of 0.24. The expected heterozygosity (He) value
ranged from 0.15 to 0.19 with an average of 0.17. The polymorphic loci number (PLN) ranged from 30,724 to 45,778, and
the average was 37,358. The percentage of polymorphic loci (PPL) ranged from 38.97 to 58.07, and the average PPL was
47.38. The mean heterozygosity, Ho, was greater than the expected heterozygosity, He, indicating that the genetic diversity
of Bupleurum was narrow (Table 2).

Table 2
Genetic diversity of Bupleurum from different geographical resources and species

Origin Species Number Ho He PLN PPL/%

Hebei B. chinense DC. 6 0.2427 0.1718 41196 52.2533

Beijing 5 0.2082 0.1731 43285 54.903

Gansu 5 0.2419 0.1862 45778 58.0652

Harbin 3 0.2485 0.1774 38116 48.3466

Daqing 3 0.2452 0.1766 38409 48.7183

Zhaozhou 3 0.2157 0.1538 32949 41.7928

Qiqihar 3 0.2701 0.1919 41160 52.2077

Shaanxi 3 0.2262 0.1566 33302 42.2405

Heilongjiang B. scorzonerifolium Willd. 2 0.2359 0.1599 30724 38.9706

Heilongjiang B. sibiricum Vest. 3 0.2299 0.157 32587 41.3336

Heilongjiang B. longiradiatum Turcz. 3 0.2719 0.1711 33439 42.4143

Average     0.24 0.17 37358.63 47.38

The genetic distance (GD) value between 11 populations from different geographical resources and species was -0.3916 to
0.2845, indicating that the genetic distance between populations was small and that the genetic basis was relatively
narrow. Among these different species, B. scorzonerifolium Willd. showed the maximum genetic distance from B. chinense
DC. from Heilongjiang Province (0.068), indicating that these resources possess different genetic background information
but have the same effect as the Chinese traditional medicine “Chai-hu” (Table 3). The nucleotide diversity analysis of each
population found that the mean nucleotide diversity (π) of the total loci was 0.2019, indicating that polymorphisms within
populations were relatively rare. The AMOVA results revealed that the genetic variation within populations (23.36%) was
greater than that among populations (2.46%), indicating that relatively high gene information exchange occurred within
populations and low differentiation occurred among populations (Table 4).
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Table 3
Genetic distance matrix of Bupleurum samples from different geographical and species resources

  HB BJ GS BQ HRB DQ MH ZZ Q DY DF

HB 0                    

BJ 0.0821 0                  

GS 0.2138 0.1201 0                

BQ 0.1817 0.0212 0.1724 0              

HRB 0.2854 0.1422 0.2380 0.1409 0            

DQ 0.1899 0.1932 0.1028 0.2958 0.1436 0          

MH 0.4505 0.2377 0.1085 0.6804 0.3124 0.3964 0        

ZZ 0.1506 0.2650 0.0173 0.2029 0.2369 0.4547 0.4427 0      

Q 0.4181 0.2036 0.0861 0.3977 0.0866 0.3710 0.5262 0.4284 0    

DY 0.3040 0.0640 0.1581 0.2257 0.0289 0.1311 0.3916 0.2587 0.4742 0  

DF 0.2559 0.1151 0.2566 0.2600 0.0259 0.4367 0.3370 0.2132 0.5405 0.4465 0

Table 4
Analysis of molecular variance (AMOVA) for 39 Bupleurum accessions

Source of variation df Sum of squares Variance components Percentage of variation

Among populations 10 71131.032 191.35821 Va 2.46

Among individuals

within populations

28 161578.25 -1815.00744 Vb -23.34

Within individuals 39 366626 9400.66667 Vc 120.88

Total 77 599335.282 7777.01743  

ZZ2 2603018 1741851 66.92% 27.39 28.65% 17.28%

ZZ3 4030106 3343969 82.97% 40.52 36.55% 22.55%

4 Discussion
The traditional herb “Chai-hu” is a medicinal plant-based remedy used worldwide that contains the roots of several species
from the genus Bupleurum L. according to the WHO in 1999 [28] and shows uneven quality among these different resources
in China [29]. It is essential to estimate the diversity and relationships among “Chai-hu” resources to identify excellent
breeding materials. Previous research on the population structure and genetic diversity of “Chai-hu” has been carried out
based on molecular markers including RAPD, AFLP, ISSR and ITS sequences [30–32]. SNP markers are commonly applied
because of their low cost, high throughput and high abundance. Although there is a lack of studies on the thorough
collection of Chai-hu accessions in China, the population structure and genetic diversity of 39 Bupleurum accessions from
11 different areas are reported with 83,898 SNPs detected by GBS analysis in this work.

Medicinal Bupleurum is widely distributed in all regions of China except Hainan Island; clearly, Bupleurum has displayed a
wide genetic diversity over a long period of domestication to adapt to diverse environments. Bupleurum resources can be
divided into different groups according to their traditional uses. Using ampli�ed fragment length polymorphisms, 11
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Bupleurum strains were classi�ed into 3 different subsets, among which 2 varieties of Bupleurum chinense DC. From Henan
and Hebei Provinces showed the closest relationship [31]. ISSR markers were used to analyse the genetic distance of 11
Bupleurum chinense samples, indicating that the genetic variation has a certain relation with geographic distribution [33]. In
recent decades, seeds of B. chinense DC. resources grown in several provinces or areas in China have mainly originated
from Gansu and Shaanxi Provinces; this phenomenon is strongly supported by genetic diversity results with genetic
distances ranging from 0.0173 0.4547, which suggested low genetic diversity within B. chinense DC. samples. The nearest
accessions were from Heilongjiang and Gansu Provinces, indicating that cultivated samples in Heilongjiang Province were
introduced from Gansu Province, which is consistent with the present situation regarding the origin of seeds on the
medicinal market in China.

Species grouping of Bupleurum strains was also demonstrated with PCA. Accessions of B. sibiricum Vest. (Q1, Q2, Q3), 3
accessions of B. longiradiatum Turcz. (DY1, DY2, DY3) and 2 samples of B. scorzonerifolium Willd. (MH1, MH3) were
clearly distinguished from accessions of B. chinense DC., emphasizing the trouble with traditional discrimination methods
based on phenotypes because of the substantial divergence among these different species. However, the relationship
between these different species was also relatively close, ranging from 0.0289 0.6804, suggesting that they may have
evolved from a common genetic origin with a lack of diversity at the DNA level. The data collected in this research will be
helpful for the establishment of quality criteria for “Chai-hu” and for the formulation of reasonable clinical use strategies. At
the same time, the utilization of SNP markers could not only be applied in resource discrimination but also offer genetic
information for screening and molecular breeding of medicinal plant varieties.
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Figures

Figure 1

Population structure of 39 genotypes with K=4. Each genotype is represented by a single vertical line



Page 11/12

Figure 2

Neighbour-joining (NJ) tree analysis of 39 Bupleurum accessions based on population structure
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Figure 3

PCA (principal component analysis) based on SNP information with genetic distances among 39 Bupleurum accessions
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