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Abstract
Huangqi (Astragalus) is a versatile herb that possesses several therapeutic effects against a variety of diseases, especially lung diseases. The aim of this
study was to establish a core collection of Astragalus germplasm resources based on molecular 10 SSR markers. Based on 380 samples of Astragalus
collected from different areas, �ve different methods were utilized to construct the core collection of Astragalus, including PowerCore-based M strategy,
CoreFinder-based M strategy, Core Hunter-based stepwise sampling, PowerMarker-based simulated annealing algorithm based on allele maximization, and
PowerMarker-based simulated annealing algorithm based on maximizing genetic diversity. Of the constructed Astragalus core collections, the CoreFinder-
based M strategy was found to be the most suitable approach as it reserved all the alleles and most of the genetic diversity parameters were higher than those
of the initial collection. Additional analyses demonstrated that the genetic diversity of the core collection matched the properties of the initial collection.
Further, the phylogenetic trees indicated that the population structure of the core collection was similar to that of the initial collection. In addition, our results
showed that the optimal grouping value of K was 2. The construction of a core collection is bene�cial for the understanding, management, and utilization of
Astragalus. Moreover, this study will act as a valuable reference for constructing core collections for other plants or fungi.

Introduction
The increase in plant genetic resources has signi�cantly facilitated the development of agriculture, especially crop breeding (Escribano et al., 2008). In
particular, a series of germplasm collections have provided genetic basis for crop improvement breeding. However, the long-term conservation of these
collections is di�cult (Escribano et al., 2008). The concept of a core collection was �rst proposed in 1984 (Frankel and Brown, 1984). A core collection is a
minimum subset of initial collections that contains almost every possible genetic diversity (Frankel and Brown, 1984; Brown, 1989) The construction of a core
collection is vital for the long-term conservation of genetic information, e�cient management of initial collections, and the frequent utilization of germplasm
(Liu et al., 2018). To date, core collections of important economic and staple crops have been constructed, including rice (Oryza sativa) (Zhao et al., 2010),
maize (Zea mays) (Li et al., 2005), cotton (Gossypium spp.) (Ma et al., 2018; Hinze et al., 2015), wheat (Triticum asetivum) (Hao et al., 2006; Balfourier et al.,
2007), soybean (Glycine max) (Oliveira et al., 2010), and winter mushroom (Flammulina velutipes) (Liu et al., 2018).

A core collection is conventionally established on the basis of agronomic and morphological characteristics via a variety of strategies, such as the random
sampling strategy, constant allocation strategy, proportional allocation strategy, and the logarithm strategy (Brown, 1989; Ortiz et al., 1998; Holbrook et al.,
1993). As most agronomic and morphological characteristics are easily impacted by environmental aspects, the genetic diversity of germplasm collections
could not be directly represented using phenotype data (Hu et al., 2000; Xiao et al., 2010; Zhang et al., 2012). Thus, molecular markers have been considered to
represent the genetic diversity of germplasms at the DNA sequence level (Zane et al., 2002). Among these markers, simple sequence repeats (SSRs; synonymy
microsatellites) are tandemly arranged repeats of 1 – 6 base pair DNA sequences (Cheng et al., 2016). SSRs display a number of suitable characteristics for
markers, such as co-dominant transmission, high polymorphism, and ease of detection (Powell et al., 1996). In addition, it has been reported that SSRs are
abundant and ubiquitous in prokaryotic and eukaryotic genomes (Mrázek et al., 2007; Silver and Lee, 1992). Consequently, SSRs have become the most
popular marker for plant geneticists and breeders.

Huangqi (Astragalus) is a versatile herb used in traditional Chinese medicines, and has been utilized for over 2000 years (Chu et al., 2010). Clinical
applications have veri�ed that Astragalus has therapeutic effects against heart disease, fatigue, hepatitis, and especially spleen and lung diseases (Gong et
al., 2018; Chen et al., 2020). Astragalus is predominantly grown in China, and contains at least 278 species, 2 subspecies, 35 varieties, and 2 forma (Gong et
al., 2018; Chen et al., 2020; Ma et al., 2002). Among these, Astragalus membranaceus (Fisch.) and A. membranaceus (Fisch.) var. mongholicus (Bunge) have
been documented in the Chinese Pharmacopoeia and are mainly cultured in the north and northeast parts of mainland China (Gong et al., 2018; Chen et al.,
2020; Ma et al., 2002). With the discovery of medical value, an increasing number of Astragalus germplasm resources are being uncovered. Thus, it is
necessary to explore the potential functions and therapeutic effects, as well as the adverse e�cient management and utilization impacts of Astragalus.
Additionally, the construction of a core Astragalus collection could not only improve its management and utilization e�ciency but also preserve the major
genetic information of an entire germplasm collection. Hence, the establishment of a core collection of Astragalus is necessary.

Therefore, in this study, we constructed a core collection of 380 Astragalus varieties using �ve different methods. Among these methods, the CoreFinder-based
M strategy was found to be the most suitable. Our results demonstrate that the core collection contained all the alleles and that most of the genetic diversity
parameters were higher than the corresponding parameters in the initial collection. Moreover, our data indicated that the genetic diversity and structure of a
core collection could represent the corresponding properties of an initial collection.

Materials And Methods

Plant materials
A total of 380 samples of Astragalus were collected from different areas, including 285 samples of A. membranaceus var. mongholicus and 95 samples of A.
membranaceus. The single plant GPS system was utilized to determine the location of each individual plant (Supplemental Table 1). The samples in our study
were obtained from different areas and no permission was necessary. All samples were identi�ed by Professor Yaling Liu. The seeds of plants from each
population were preserved in the herbarium of the College of Life Sciences at Shanxi Agricultural University. The leaves of each sample were harvested
randomly and the distance between different samples was more than 10 m. The collected leaves were packaged in self-sealing bags �lled with silica gel for
DNA extraction. Experimental research on plants, including collection of plant material, was in accordance with guidelines of Shanxi Agricultural University.

DNA isolation and SSR genotyping
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The global DNA genomes of all the 380 plant samples were isolated using the cetyltrimethylammonium bromide (CTAB) method (Springer and Nathan, 2010).
Brie�y, the samples were ground into �ne powder using a mortar with liquid nitrogen. Then, the powder was dissolved with a CTAB buffer and incubated at 65
℃ for 45 min. Next, phenol chloroform isoamyl alcohol (V/V/V=25:24:1) was used to exhaust the protein impurity. Finally, the DNA genome was dissolved
with water or Tris-EDTA buffer after washing with 70% ethanol twice. After isolation, a nucleic acid protein detector and agarose gel electrophoresis were used
to determine the concentration and purity of the DNA genome. Then, the concentration of each DNA genome was adjusted to 50 ng·µL−1 and stored at -20 ℃.

A total of 10 pairs of SSR primers with high polymorphism and good reproducibility were selected to amplify the DNA genomes of the 380 Astragalus samples
(Liu et al., 2019; Liu et al., 2014). The PCR products were detected using Fragment AnalyzerTM automatic capillary electrophoresis, which were then visualized
with PROSize software.

Construction of core collections
Core collections were constructed using the following methods: (1) PowerCore V1.0 software operation construction based on the maximization strategy (M
strategy, allele maximization) and heuristic algorithm (Kim et al., 2007). For sample selection, PowerCore V1.0 uses an advanced M strategy and heuristic
algorithm to identify the optimal path from the initial stage to the �nal stage (Kim et al., 2007). The speci�c process is clicking the "�rst step" button to obtain
the frequency distribution of each marker allele, then clicking the "second step" to enter the core collection interface, and �nally clicking "run" to obtain a core
set; (2) CoreFinder V. 1.1 software operation construction based on M strategy and the use of Las Vegas-style random algorithm (Cipriani et al., 2010). These
two methods (PowerCore V1.0 and CoreFinder V. 1.1 software) did not need to set a sampling ratio during the core collection construction process, as a
reasonable sampling ratio was generated automatically; (3) Stepwise extraction method based on genetic distance (Core Hunter software). Core Hunter v. 2.0
is a fast core collection selection program based on multiple genetic diversity measures and a hybrid copy search algorithm (Beukelaer et al., 2012). This
software allows the selection of a sampling ratio and certain genetic metrics as selection criteria; (4) Simulated annealing algorithm based on allele
maximization (SANA); (5) Simulated annealing algorithm based on maximizing genetic diversity (SAGD). These two methods were conducted using the core
set section of the PowerMarker software (Liu et al., 2005). By setting the sampling ratio the same as PowerCore and PowerMarker, the gene frequencies of all
the germplasms were detected using the corresponding methods (SANA and SAGD, respectively).

Data analysis
GenAlEx 6.5 software was used for the population genetic analyses, which includes frequency- and distance-based analyses (Peakall and Smouse, 2012). The
genetic diversity index was analyzed using GenAlEx 6.503 software, including the average number of alleles, average effective number of alleles (Ne), average
Shannon information index (I), average Nei's genetic diversity index (H), average observed heterozygosity (Ho), and the average expected heterozygosity (He).
To verify the effectiveness of the core collection, a t test was performed on the genetic diversity parameters of the initial collection and each core collection
using SPSS 23.0 software. Further, a principal coordinate analysis (PCoA) was conducted to evaluate the core collection using GenAlEx 6.503 software.

After the construction of the core collection, the Nei’s genetic distance of different medicinal Astragalus was calculated using PowerMarker software (Liu et al.,
2005). Moreover, the phylogenetic tree based on the NJ adjacency clustering was constructed using MEGA 7.0 software (Kumar et al., 2016; Saitou and Nei,
1987). To explore the genetic structures of the initial and core collections of Astragalus, a Bayesian cluster analysis was performed with STRUCTURE software
(Pritchard et al., 2000). Brie�y, the number of groups (K) was set to 1 – 10 and each K value was simulated 10 times. The Markov chain Monte Carlo (MCMC)
at the beginning of the burn-in-period was set to 10,000 and the MCMC after the burn-in-period was 100,000 times. Finally, the STRUCTURE data was
subjected to the Structure Harvester website to determine the optimal K value.

Results
Core collection of Astragalus

In this study, a core collection of 380 Astragalus germplasm resources (consisting of 95 A. membranaceus and 285 A. mongholicus) was constructed using 5
different methods based on SSR molecular markers. Based on the M strategy, the results of the PowerCore and CoreFinder analyses showed that the core
collection retained 36% and 45% of the original germplasm resources, respectively. Brie�y, 100 A. mongolicus and 45 A. membranaceus germplasms were
selected by the PowerCore software, whereas 93 mongolicus and 42 A. membranaceus germplasms were retained by the CoreFinder software (Table
1).Regarding the core collection established by stepwise sampling, 100 A. mongolicus and 45 A. membranaceus germplasms were selected (Table 1). Based
on the PowerMarker software, 116 mongolicus, and 29 A. membranaceus germplasm were selected by the SANA method, and 110 mongolicus and 35 A.
membranaceus germplasm were selected by the simulated annealing algorithm based on maximizing genetic diversity (SAGD) method (Table 1).
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Table 1
The construction of core collection by 5 different methods.

Variations Locations Serial
number

Count of core collections (Number)

M strategy1

(PowerCore)

M strategy

(CoreFinder)

Stepwise sampling

(Core Hunter)

SANA

(Pow

A. mongholicus Hongshaba
Village,
Xiashihao
Township,
Guyang County,
Baotou City

GHSB 5

(2,4,7,8,14)

5

(2,4,7,8,14)

5

(3,7,12,13,20)

9

(4,5,7

Hadamen Forest
Park,
Daqingshan
Township,
Wuchuan
County, Hohhot
City

GSLY 8(3,7,12,14,15,16,18,20) 9

(3,7,10,12,14,15,16,18,20)

6

(1,2,3,6,10,19)

6

(4,5,7

Huanggangliang
Forest Farm,
Xinjing
Township,
Keshiketeng
Banner, Chifeng
City

GHGL 10

(2,5,8,12,13,15,16,17,18,19)

7

(2,5,12,13,16,17,18,19)

7

(11,12,13,14,15,17,19)

5

(5,10

Huangtuchang
Village,
Xiashihao
Township,
Guyang County,
Baotou City

GHTC 4(7,8,10,19) 4

(7,8,10,19)

6

(4,5,8,14,16,19)

10

(1,5,7

Wanlongquan
Village, Qiaotou
Town,
Wengniute
Banner, Chifeng
City

GWLQ 6(2,3,8,12,13,20) 6(2,3,8,12,13,20) 6

(2,3,7,9,11,18

11

(1,4,5

Heichengzi,
Zhenglan
Banner, Xilin Gol
City

GHCZ 3

(3,5,8)

3

(3,5,8)

3

(5,14,15

5

(1,10

Wuyi Village,
Dakulian
Township,
Xinghe County,
Ulanqab City

GWYC 10

(2,3,4,6,8,11,12,16,1719)

10

(2,3,4,6,8,11,12,16,1719)

4

(1,3,7,10)

3

(1,9,1

Manzhouli, Inner
Mongolia

GMZL 3

(3,5,8)

3

(3,5,8)

2

(4,6)

5

(1,3,5

Pangquangou,
Shanxi Province

GPQG 1

(2)

3

(1,2,3)

2

(1,4)

3

(1,2,4

Pangjiayao
Village, Yanggao
County, Shanxi
Province

GPJY 8

(1, 3,5,7,11,13,16,17)

7

(1,3,5,7,11,13,17)

7

(2,5,9,10,12,13,15)

8

(2,4,9

Note: 1 M strategy, Maximization strategy.

2 SANA, Simulated annealing algorithm maximizing the number of alleles.

3 SAGD, Simulated annealing algorithm maximizing the genetic diversity.
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Variations Locations Serial
number

Count of core collections (Number)

M strategy1

(PowerCore)

M strategy

(CoreFinder)

Stepwise sampling

(Core Hunter)

SANA

(Pow

Shijiaping
Village,
Guangling
County, Shanxi
Province

GSJP 5

(2,4,5,7,13)

3

(2,4,5)

11

(3,4,7,8,9,10,12,13,14,17,19

6

(4,5,6

Lucaowan
Village,
Tianzhen
County, Shanxi
Province

GLCW 5

(1,2,3,4,16)

5

(1,2,3,4,16)

4

(1,2,6,9)

8

(2,3,5

Pangjiatao
Village,
Baimashi
Township, Ying
County, Shanxi
Province

GPJT 7

(4,5,7,9,14,16,18)

6

(4,7,9,14,16,18)

8

(1,3,4,8,11,13,15,17)

7

(1,4,5

Zeqingling
Village,
Hunyuan
County, Shanxi
Province

GZQL 8

(2,6,7,12,16,17,19,20)

7

(2,6,7,12,16,17,20)

6

(6,8,13,15,16,19)

10

(3,5,6

Yangci Village,
Dai County,
Shanxi Province

GDXY 9

(1,2,4,5,10,11,13,17,19)

7

(1,4,5,10,11,13,19)

9

(1,2,3,5,9,11,14,18,19)

5

(1,5,1

Xinxingtun, Jilin
City

GXXT 5

(7,8,9,12,15)

5

(7,8,9,12,15)

10

(1,2,5,7,8,11,14,15,18,19

7

(3,4,6

Hadamen
Township, Jilin
City

GHDM 3

(1,3,6)

3

(1,3,6)

1

(5)

2

(5,6)

Total     100 93 100 116

A.
membranaceus

Xinxing
Township Forest
Farm, Jilin City

MJLC 9

(1,2,6,8,9,11,12,15,17)

7

(1,2,6,8,9,11,12)

8

(7,8,10,11,14,15,16,18)

3

(14,1

Zeqingling
Village,
Hunyuan
County, Shanxi
Province

MSHY 11

(1,2,3,7,8,9,10,11,13,16, 18)

10

(1,2,3,8,9,10,11,13,16, 18)

12

(1,2,3,4,6,8,9,10,12,17,18,19)

10

(1,2,3

Hailin City,
Heilongjiang
Province

MHLJ 13

(1,2,4,5,7,9,10,11,12,13,14,18,19)

12

(1,4,6,7,9,10,11,12,13,14,18,19)

8

(2,4,6,7,10,12,15,19)

8

(3,8,1

Xinbin County,
Liaoning
Province

MLXB 5

(4,8,9,11, 17)

6

(2,4,8,9,11,17)

6

(3,7,8,10,15,18)

7

(6,11

Qingyuan
County, Liaoning
Province

MLQY 7

(1,4,6,8,12,16,18

7

(1,4,6,8,12,13,18

9

(1,2,3,5,6,8,11,14,15

7

(1,7,8

Total     45 42 45 29

Note: 1 M strategy, Maximization strategy.

2 SANA, Simulated annealing algorithm maximizing the number of alleles.

3 SAGD, Simulated annealing algorithm maximizing the genetic diversity.
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Genetic diversity of the Astragalus core collection

The genetic diversity parameters of the Astragalus samples are summarized in Table 2. The results show that 100% of the alleles were selected by the
PowerCore and CoreFinder software. Moreover, the N, H, I, and He values of the core collections obtained using PowerCore and CoreFinder software were
higher than those of the initial collection, with the exception of Ho. In addition, the retention ratios of Ne, H, I, He were more than 100% and those of Ho were
96.137% and 97.425%, respectively, for the PowerCore and CoreFinder software. The t-test data revealed that all the genetic diversity parameters were not
signi�cantly different.

Table 2
Analysis of the Astragalus core collection data.

  Sample
number

Average
number of
alleles ± SD
(Na)

Average number of
effective
alleles±SD (Ne)

Average Nei’s
genetic diversity
index±SD (H)

Average Shannon
Information
Index±SD (I)

Average observed
heterozygosity±SD
(Ho)

Average expected
heterozygosity±SD
(He)

Initial
collection

380 33.700±1.770 6.843±1.012 0.831±0.019 2.365±0.115 0.466±0.100 0.832±0.019

Core
collection
(PowerCore)

145 33.700±1.770 9.162±1.284 0.875±0.014 2.679±0.102 0.448±0.093 0.878±0.014

Sampling
ratio (%)

38% 100 133.889 105.295 113.277 96.137 105.529

t-value1   0.000 -1.419 -1.859 -2.038 0.132 -0.238

p-value   1.000 0.173 0.079 0.056 0.897 0.814

Core
Collection
(CoreFinder)

136 33.700±1.770 8.845±1.226 0.870±0.015 2.656±0.105 0.454±0.094 0.874±0.015

Sampling
ratio (%)

36% 100 129.256 104.693 112.304 97.425 105.048

t-value   0.000 -1.2593 -1.6336 -1.8748 0.0832 -1.7214

p-value   1.000 0.2240 0.1197 0.0771 0.9346 0.1023

Core
Collection
(Core
Hunter)

145 24.800±1.781 6.725±0.930 0.830±0.018 2.306±0.110 0.469±0.100 0.833±0.018

Sampling
ratio (%)

38% 73.591 98.276 99.880 97.505 100.644 100.120

t-value   3.5437 0.0857 0.0150 0.3714 -0.0261 -0.0562

p-value   0.0023 0.9326 0.9882 0.7147 0.9795 0.9558

Core
Collection
(SANA2)

145 24.700±1.391 6.620±0.779 0.833±0.016 2.304±0.095 0.454±0.103 0.836±0.016

Sampling
ratio (%)

38% 73.294 96.741 100.241 97.421 97.425 100.481

t-value   3.9975 0.1747 -0.1007 0.4056 0.0802 -0.1730

p-value   0.0008 0.8633 0.9209 0.6898 0.9370 0.8646

Core
Collection
(SAGD3)

145 24.500±1.939 6.762±1.018 0.829±0.019 2.303±0.116 0.464±0.104 0.832±0.019

Sampling
ratio (%)

38% 72.700 98.816 99.760 97.378 99.571 100

t-value   3.5035 0.0563 0.0523 0.3787 0.0118 -0.0149

p-value   0.0025 0.9557 0.9589 0.7094 0.9907 0.9883

Note: 1 t0.05=1.960, t0.01=2.576.

2 SANA, Simulated annealing algorithm maximizing the number of alleles.

3 SAGD, Simulated annealing algorithm maximizing the genetic diversity.
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Similarly, the core collection established using Core Hunter based on the stepwise clustering method retained approximately 74% of the alleles. Further, the
allele retention ratios of the SANA and SAGD methods using PowerMarker were 73.294% and 72.700%, respectively. In addition, the t-test data showed that the
difference between the core collections selected by these three methods and the initial collection were extremely signi�cant (p < 0.01). Thus, the genetic
diversity parameters (Ne, H, I, Ho, He) of the obtained and initial collections were further explored. The analysis results showed that the initial collection
possessed a slightly greater genetic diversity than most of the obtained core collections. In addition, the statistical data showed that they were not
signi�cantly different.

PCoA of Astragalus core collection

To identify whether the genetic diversity of the core collection constructed by these 5 different methods was consistent with the genetic diversity of the initial
collection, a PCoA was performed using the GeneAlEx software. The results showed that the two-dimensional coordinate distributions of the core and initial
collections were similar (Fig. 1). Moreover, the distributions of A. membranaceus and A. mongholicus were distinct (Fig. 1). On this basis, the genetic
distribution of the core collection could represent the genetic location of the initial collection.

Comparison of the Astragalus core collections established using different methods

Based on the detailed analysis of the core collections with different construction methods (Table 2), the core collections based on the M strategy, which were
conducted using PowerCore and CoreFinder software, reserved the most alleles (100% retention). This indicates that the core collection retained all the alleles
that were detected at the initial collection. However, approximately 27% of alleles were missed in the selection processes of the other three methods. Moreover,
the core collection constructed by CoreFinder only contained 36% (135/380) of the original germplasms, which was lower than the proportion of the core
collection selected by the other methods. As listed in Table 2, 33% (93/285) and 44% (42/95) of the A. mongolicus and A. membranaceus germplasms,
respectively, were reserved by this software. Not including Ho, the genetic diversity parameters (Ne, H, I, Ho, and He) of the M strategy-constructed core
collections were higher than those constructed by the other three methods. Speci�cally, the Ne, H, I, Ho, and He values of the CoreFinder-established core set
were 0.870 ± 0.015, 2.656 ± 0.105, 0.454 ± 0.094, and 0.874 ± 0.015, respectively. The retention proportions, as compared with the initial collection, were
104.693%, 112.304%, 97.425%, and 105.048%, respectively. In addition, the results of the t-test veri�ed that the difference between the core and initial
collections was not signi�cant (p > 0.05). Thus, the M strategy-based CoreFinder method is the most suitable for establishing a core collection of Astragalus
germplasms.

Genetic structure of the Astragalus core collection

To explore the phylogenetic relationships of the initial and core collections, NJ clustering were performed using MEGA7.0 software. According to the alignment
results, the phylogenetic tree discovered that the initial germplasms could be divided into three groups. As shown in Figs. 2 and 3, the distributions of the three
groups were similar, suggesting that the population structures of the initial germplasm resources and the core collection were similar. These results further
support that the core collection constructed by CoreFinder could represent the initial collection.

To investigate the population structure of the core collection and their optimal K value, the data was subjected to the STRUCTURE software (Fig. 4). The
results show that the optimal grouping number of K was 2 when the ΔK value reached the maximum value (ΔK = 1027.95) (Figs. 4D and 4E). Fig. 4E also
shows that the core collection was divided into two groups (shaded in red and green), wherein the red and green groups consisted of the A. mongolicus and A.
membranaceus populations, respectively, which was in consistent with the phylogenetic systematics. Thus, the population structure of the core collection
conformed to the initial population structure.

Molecular variance analysis of core collection
To investigate the genetic diversity of the germplasm collections, molecular variance analyses (AMOVAs) of the initial and core collections were performed.
The results showed that genetic variation mainly developed within the collections rather than among the collections (Table 3). In addition, the genetic variation
in the initial and core collections mainly occurred with the population, occupying 85% and 89% of the genetic variance, respectively (Table 3, Fig. 5). The
genetic variation between the two Astragalus variations occupied 10% of the variance of the initial collection and 7% of the variance of the core collection
(Table 3, Fig. 5). Moreover, the genetic variation between the groups accounted for 6% and 4% of the total variation in the initial and core collections (Table 3,
Fig. 5), respectively. In addition, the distributions of the genetic variation in the initial and core collections were similar. This may further verify that the genetic
diversity between the initial and core collections were similar.
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Table 3
Molecular variance analysis between the initial collection and the core collection.

  df1 SS2 MS3 Est. Var.4 Percentage of total variation

Among Collections 1 6.657 6.657 0.006 0%

Within Collections 1030 4388.961 4.261 4.261 100%

Total 1031 4395.618   4.267 100%

Core Collection          

Among Species 1 45.057 45.057 0.312 7%

Among Pops 20 162.601 8.130 0.168 4%

Among Indiv 114 695.250 6.099 1.976 43%

Within Indiv 136 292.000 2.147 2.147 46%

Total 271 1194.908   4.603 100%

Initial Collection          

Among Species 1 137.386 137.386 0.427 10%

Among Pops 20 297.441 14.872 0.278 6%

Among Indiv 358 1914.225 5.347 1.562 35%

Within Indiv 380 845.000 2.224 2.224 50%

Total 759 3194.053   4.490 100%

Note: 1 df, degrees of freedom.

2 SS, sum of squares.

3 MS, mean squares.

4 Est. Var., Estimated variance.

Discussion
With the rapid development of biotechnology, numerous germplasm resources have been identi�ed by plant scientists and breeders, making the e�cient
management and utilization of these collections necessary. The construction of a core collection based on molecular markers, especially SSR markers, was
found to be the optimal approach (Brown, 1989). Huangqi (Astragalus) is a versatile herb used for medical applications, including heart disease, fatigue,
hepatitis, and especially spleen and lung diseases (Gong et al., 2018; Chen et al., 2020). Although the core collections of many plants and edible mushrooms
have been established, such as rice, wheat, cotton, winter mushroom, and shiitake (Lentinula edodes) (Liu et al., 2018; Ma et al., 2018; Hinze et al., 2015; Hao
et al., 2006; Xiao et al., 2010; Tiwari et al., 2015), the construction of a core collection of Astragalus has not been conducted. Therefore, in this study, we
successfully established a core collection of Astragalus with 100% allelic representation using 36% of the germplasm proportion (33% for A. mongolicus and
44% for A. membranaceus) based on 10 SSR markers. In addition, the genetic diversity of the core collection was found to be suitable for representing the
entire collection. Moreover, the selected germplasms in the core collection represented two cultivated variations, including A. mongolicus and A.
membranaceus. It was further proven that the population structures of the initial and core collections were similar.

In recent decades, various molecular markers have been developed, but SSR markers have become dominant because of their practical characteristics (Zhang
et al., 2012). In this work, we further veri�ed that SSR markers are suitable by constructing an Astragalus core collection. Using CoreFinder software, we
obtained a suitable core collection based on SSR markers. In this study, we compared �ve different methods to construct a core collection of 380 Astragalus
samples. In addition, four different algorithms (M strategy, stepwise sampling, SANA, and SAGD) were utilized with four different software programs for
construction (PowerCore, CoreFinder, Core Hunter, and PowerMarker). Our results showed that CoreFinder-based M strategy was the most suitable for
constructing the Astragalus core collection. Although this traditional Chinese herb possesses various therapeutic and health-care functions, the germplasm
resources are numerous and intricate. Therefore, this study suggests that we could use SSR markers with the help of several analyzing software programs to
manage and utilize the complicated herbal germplasm.

However, the genetic diversity of the germplasm resources could not be directly represented by the phenotypic data, but molecular markers are considered to
be a manifestation of the genetic diversity of the germplasm collections. Additionally, the agronomic and morphological properties of crops are highly
vulnerable to the environmental variations (Hu et al., 2000; Xiao et al., 2010; Zhang et al., 2012; Zane et al., 2002). Thus, the core collection based on 380
Astragalus germplasm samples e�ciently preserved numerous agronomic and morphological properties of Astragalus, which will promote the e�cient
management and fast utilization of the Astragalus germplasm, consequently facilitating its breeding development. Overall, this study not only successfully
established a core collection of Astragalus germplasm but also furthered Astragalus research, as well as Chinese herb research.
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In this study, a core collection of 380 Astragalus samples was successfully constructed. As compared with other methods, CoreFinder software, in
combination with the M strategy, was found to be the most suitable approach for constructing the Astragalus core collection. Further, we veri�ed that the
genetic diversity and structure of this core collection represented that of the initial germplasm resources. The constructed practical core collection of
Astragalus will act as a useful reference for the characterization, management, and utilization of Astragalus, and provide novel insights for other herbs or
crops.
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Figures

Figure 1

Principal coordinate analysis (PCoA) of the Astragalus core collection. (A-E) PCoA data of the core collection constructed by Powercore, CoreFinder, Core
Hunter, PowerMarker (SANA), and PowerMarker (SAGD), as compared with the initial collection, respectively. The solid symbols represent the selected core
collection and the hollow symbols indicate the unselected core collection. The circular symbols represent the A. mongolicus core set and the quadrate
symbols indicate the A. membranaceus core set.

Figure 2

Phylogenetic tree of the 380 Astragalus germplasm resources.

Figure 3

Phylogenetic tree of the core collection constructed by CoreFinder.
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Figure 4

Gene structure of the core collection. (A) Estimated average likelihood (K) distribution (average + standard deviation) from 2 to 10 possible clusters. (B) Rate
of change of likelihood distribution from 2 to 10 possible clusters. (C) Change rate of likelihood distribution from 2 to 10 possible clusters. (D) ΔK value
distribution based on the change rate of L(K) between continuous K values. (E) Estimated population structure of the core collection for K = 2. The serial
number is labeled beneath the Figure. Variations of Astragalus are labeled above the Figure. Red shading represents A. mongolicus and green shading
indicates A. membranaceus.
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Figure 5

Molecular variance analysis of the initial and core collections. (A) Genetic variation of the (A) core collection and (B) initial collection.
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