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Abstract

Radix Astragali has been an important traditional Chinese herbal medicine for over
2000 years. It is derived from two plant species, namely, Astragalus mongholicus
[Astragalus membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao] and Astra-
galus membranaceus [ Astragalus membranaceus (Fisch.) Bge.] (Leguminosae), ac-
cording to the Pharmacopoeia of the People’s Republic of China. In this study, the
genetic diversity and genetic relationships of Radix Astragali in China were analyzed
by Inter-Simple Sequence Repeat (ISSR) markers. A total of 25 highly polymorphic
ISSR primers were selected to amplify 95 Radix Astragali samples. Among 273 DNA
bands amplified, 213 are polymorphic (percentage of polymorphic bands: 78%). The
average value of the amplified bands was 10.9 for each primer, and the number va-
ried from 4 to 20. The genetic diversity of the 95 Radix Astragali samples was ana-
lyzed by using POPGENE 1.32 software. The Nei’s genetic diversity index (A) and
Shannon’s information index (/) were 0.3590 and 0.5308, respectively, which indi-
cated the abundant genetic diversity of Radix Astragali. The level of genetic diversity
in A. membranaceus (f: 0.3109, I 0.4657) was slightly lower than that in A. mongho-
licus (f: 0.3364, I 0.4969). Considering the average genetic similarity coefficient by
NTSYS analysis to cluster the A. membranaceus of nine habitats and A. mongholicus
of five habitats, Radix Astragali samples were clustered into two groups according to
place of origin. This clustering is different from traditional clustering, which divides
groups according to species. Results obtained from this study will provide a theoreti-
cal basis for the molecular study on germplasm resources of Radix Astragali.
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1. Introduction

Radix Astragali, which has a long history of medicinal use, is derived from Astragalus
mongholicus and Astragalus membranaceus [1]. Astragalus is mainly distributed in
North, Northeast, Northwest, and Southwest China [2]. However, the qualitative differ-
ence between wild and cultivated Astragalus owing to the determination of genuine raw
materials results in significant difference in market price, which leads to excavation of
wild herbs. Thus, the distribution and population of wild Astragalus have rapidly de-
creased. Astragalus has been included in the national list of protected rare and endan-
gered plants [3]. Effective conservation of germplasm resources of Radix Astragali is
urgently needed. Although the artificial cultivation of Astragalus has achieved success,
the qualitative and quantitative demands of raw material for medicine have greatly in-
creased with the development of new drugs, medicine, and health products. Astragalus
cultivation has produced hybrid varieties with unstable yield and low quality. This
phenomenon has seriously affected the further development of Astragalus industry.
Therefore, this preliminary study on Astragalus from different habitats was conducted
to evaluate its genetic diversity by using the ISSR labeling technique. The findings will
provide a theoretical basis for formulating Astragalus genetic diversity research, con-
servation strategies, and cross breeding.

ISSR was conducted by using a synthetic 16 - 18 bp nucleotide repeat sequence as a
primer. Genomic DNA was amplified by PCR, which employed a primer anchored at 3
or 5 end of oligonucleotides. The ISSR combines the advantages of RAPD and SSR
markers at the same level. Thus, it can produce more polymorphism than RAPD, and
the reaction system is more sensitive, more stable, and has good repeatability [4]-[7].
This molecular marker has been widely used in studies on germplasm resource identi-
fication, phylogeny of species, plant taxonomy, evolution, and genetic diversity
[8]-[10]. Astragalus has several variations of morphological features in the actual pro-
duction, such as stems with red or green color and stems with two colors. Variation and
degradation of the Astragalus germplasm may occur in the introduction and domesti-
cation. Thus, studying the genetic diversity of Radix Astragali at the DNA level is ne-
cessary. This study provides molecular-level evidence for Astragalus germplasm re-

sources by using the ISSR molecular marker.

2. Materials and Methods
2.1. Plant Materials and DNA Extraction

A total of 95 Radix Astragali individuals were sampled representing 10 natural popula-
tions, including Shanxi, Jilin, Inner Mongolia, Gansu, Ningxia, and Shaanxi Provinces
of China (Table 1). Approximately 1 g of fresh leaf samples from each individual was
collected, placed in a plastic bag with silica gel to dry the samples quickly, and brought
back to the laboratory for DNA isolation. Total genomic DNA was extracted using a
protocol described by Doyle and Doyle [11], and 0.6% agarose gel electrophoresis and a
biospec-mini DNA/RNA/protein analyzer were used to detect the quality and yield of
DNA. The DNA was later diluted to 50 ng-uL™" working solution and placed in a refri
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Table 1. Resources of the test samples.

Source Species Sample number
China Shanxi Hunyuan A. mongholicus 33
China Inner Mongolia Hulunbeier A. mongholicus, A. membranaceus 20
China Ningxia Guyuan A. membranaceus 3
China Shandong Linyi A. membranaceus 7
China Shaanxi Baoji A. mongholicus, A. membranaceus 3
China Gansu Dingxi A. mongholicus, A. membranaceus 7
China Hebei Anguo A. mongholicus, A. membranaceus 8
China Heilongjiang Hailin A. membranaceus 7
China Liaoning Beixi A. membranaceus 5
China Jilin Tonghua A. membranaceus 3

gerator at 4°C for future use.

2.2. Primer Selection and ISSR-PCR Amplification

To determine the appropriate primers suitable for Astragali, we screened 100 ISSR pri-
mers purchased from the website of the University of British Columbia in Canada

(https://www.ubc.ca/) and Synthesis Project. For each primer pair, two samples were

amplified, and their amplification products were run on 1% agarose gels. PCR amplifi-
cations were performed in a 20 uL reaction that contained 2 pL of 10 x PCR buffer, 2.5
mM dNTPs, 10 uM primer, 5 unit of Taq DNA polymerase (Taka Ra Biotechnology
Co., Ltd.), and 50 ng of template DNA. Double distilled water was added to make the
volume 20 pL. Amplifications were performed as follows: 95°C for 5 min, 35 cycles of
denaturation at 95°C for 30 s, annealing at 53°C - 57°C for 40 s, extension at 72°C for
40 s, and a final extension at 72°C for 10 min. Afterward, the samples were held at 4°C.
Highly polymorphic primers with clear bands and clean background were selected to
amplify the genomic DNA of all Astragalus species.

2.3. Data Analysis

The amplified DNA polymorphic fragments (bands) were scored as present (1) or ab-
sent (0), and the data matrix of the ISSR phenotypes was assembled for further analysis.
The percentage of polymorphic bands (PPB), observed number of alleles (NVa), effective
number of alleles (/Ve), Nei’s genetic diversity index (4), and Shannon’s information
index (/) were calculated using POPGENE 1.32 software. NTSYSpc 2.10 software was
used to calculate the genetic similarity (Gs) coefficient of the 183 Astragalus species.
The UPGMA tree [12] was constructed using NTSYS 1.8 software [13] to examine the
relationship of the populations.

3. Results
3.1. DNA Detection

The genomic DNA of the 95 A. mongholicus and A. membranaceus were extracted and

detected by agarose gel electrophoresis. The results showed that the DNA bands were
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clear, and no diffusion phenomena were observed. The extracted genomic DNA de-
tected by a nucleic acid protein detector revealed that the ratio of D260 nm/D280 nm
was between 1.8 and 2.0, and the yield was between 100 and 1800 ng/pL. These findings
indicate that the genomic DNA extracted from the Astragalileaves had high quality and
high yield.

3.2. ISSR Polymorphism

A total of 35 primers were screened from 100 ISSR primers, which were published by
the Columbia University, to study the genetic diversity of the two populations of Radix
Astragali. Among these primers, 25 were polymorphic and 10 were monomorphic. The
PPBwas 71.4%. A total of 273 amplified bands were obtained from the 95 Radix Astra-
gali samples using 25 polymorphic ISSR primers (Table 2). Among these bands, 213
were polymorphic, and the PPB was 78%. The average value of the amplified bands was
10.9 for each primer, and the number varied from 4 to 20 (Table 3). UBC835 and
UBS855 presented the highest number of bands (20/19), whereas UBC811 and UBC808
had the lowest number (4/5). The results showed a significant genetic difference.

Table 2. Primer name and sequences used in the ISSR analysis.

Primer Primer sequence (5’ > 3’) Tm (°C)
UBC807 (AG),T 52
UBC808 (AG),C 55
UBCS810 (GA),T 52
UBC811 (GA),C 55
UBCS812 (GA)A 52
UBCS817 (CA)A 52
UBCS818 (CA)G 55
UBC822 (TC)sA 52
UBC825 (AC),T 52
UBC826 (AC),C 55
UBC827 (AC)sG 55
UBC$30 (TG)sG 55
UBC834 (AG),YT 54
UBC835 (AG)sYC 56
UBCS836 (AG);YA 54
UBC840 (GA)YT 54
UBC842 (GA)YG 56
UBC849 (GT)YA 54
UBCS51 (GT).YG 56
UBC855 (AC)YT 54
UBCS856 (AC);YA 54
UBC857 (AC)YG 56
UBC864 ATGATGATGATGATGATG 48
UBCB899 CATGGTGTTGGTCATTGTTCCA 58
UBC900 ACTTCCCCACAGGTTAACACA 58
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Table 3. Statistical results of polymorphic bands of ISSR primers.

Primers Sequence Nb Np PPB Primers Sequence Nb M PPB
UBC807 (AG)T 11 8 73% UBC830 (TG),G 9 8 89%
UBCB808 (AG),C 5 3 60% UBC834 (AG),YT 14 13 93%
UBCB810 (GA),T 6 5 83% UBCS835 (AG),YC 20 18 90%
UBC811 (GA),C 4 3 75% UBCS836 (AG)YA 15 12 80%
UBC812 (GA);A 13 12 92% UBC840 (GA)YT 10 6 60%
UBC817 (CA)A 7 4 57% UBC842 (GA)YG 14 13 93%
UBC818 (CA)G 11 8 73% UBCB849 (GT)sYA 6 4 67%
UBC822 (TC),A 10 6 60% UBC851 (GT):YG 7 5 71%
UBC825 (AC) T 10 9 90% UBCS855 (AC)YT 19 13 68%
UBC826 (AC),C 9 6 67% UBC856 (AC)YA 12 10 83%
UBC827 (AC),G 13 10 77% UBC857 (AC);YG 12 10 83%
UBCB864 ATGATGATGATGATGATG 11 6 55%
UBCB899 CAT GGT GTT GGT CAT TGT TCC A 11 9 82%
UBC900 ACT TCC CCA CAG GTT AAC ACA 14 12 86%
Total / 273 213 /
Mean / 10.9 8.5 78%

Note: Ab (Number of bands); Mp (Number of polymorphic bands); PPB (Percentage of polymorphic bands).

3.3. Genetic Diversity of Radix Astragali

The binary data matrix was scored as present (1) or absent (0) of homologous bands
and loaded into POPGENE 1.32 software to analyze the genetic diversity of Radix As-
tragali. The mean Na was 1.9 in the two Astragalus species. For A. membranaceus, the
Ne, h, and I were 1.5318, 0.3109, and 0.4657, respectively, which were slightly lower
than those of A. mongholicus (Ne: 1.5861, h: 0.3364, and [ 0.4969). These results indi-
cate that A. mongholicus have higher genetic diversity than A. mongholicus (Table 4).

3.4. Genetic Diversity of Two Radix Astragali from Different Regions

A. membranaceus was collected from nine provinces including Inner Mongolia, Ning-
xia, Shandong, Shaanxi, Gansu, Hebei, Heilongjiang, Jilin, and Liaoning (Table 5). The
highest number of polymorphic bands (Mp) of 190 was observed in Inner Mongolia.
The PPB, h, and I were 89.20%, 0.2538, and 0.3714, respectively. The lowest Np was
found in Shaanxi with only 83. The PPB, A, and J were 38.97%, 0.0861, and 0.1260, re-
spectively. These results indicate the different origins and order of A. membranaceus
genetic diversity from highest to lowest: Inner Mongolia, Heilongjiang, Ningxia, Shan-
dong, Heibei, Gansu, Jilin, Liaoning, and Shaanxi. Meanwhile, A. mongholicus was
collected from five provinces including Shanxi, Inner Mongolia, Shaanxi, Gansu, and
Hebei (Table 5). The highest Np of 203 was observed in Shanxi. The PPB, h, and I were
95.3%, 0.4877, and 0.5212, respectively. The lowest Mp was observed in Shaanxi with
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Table 4. Genetic diversity of two species of radix astragali.

Primers Astragalus membranaceus (Fisch.) Bge.var. Mongholicus (Bge.) Hsiao Astragalus membranaceus (Fisch.) Bge
Na Ne h I Na Ne h I

UBC807 2 1.5279 0.308 0.4662 2 1.4935 0.2956 0.4554
UBCB808 2 1.3987 0.2632 0.4241 2 1.5209 0.3165 0.4851
UBC810 2 1.5934 0.3624 0.5454 2 1.5239 0.3087 0.4641
UBC811 2 1.7518 0.4195 0.6075 2 1.3851 0.2692 0.4362
UBC812 2 1.5682 0.3437 0.5203 2 1.4753 0.2825 0.4322
UBC817 2 1.2239 0.1637 0.2867 1.8 1.139 0.1177 0.2221
UBC818 2 1.6939 0.3741 0.5381 2 1.6834 0.391 0.5748
UBC822 1.8 1.3434 0.2232 0.3495 2 1.3814 0.2471 0.398
UBC825 1.6 1.1139 0.0953 0.1768 1.6 1.1974 0.1371 0.2275
UBC826 2 1.7171 0.4152 0.6051 2 1.5242 0.3386 0.5193
UBC827 2 1.7609 0.4288 0.6194 2 1.5266 0.3215 0.4937
UBC830 1.8 1.6351 0.3441 0.4942 1.8 1.6555 0.3521 0.5033
UBC834 1.8 1.5235 0.3072 0.4552 1.8 1.6008 0.3366 0.4875
UBCB835 1.6 1.4089 0.2362 0.3478 1.4 1.3159 0.1739 0.25
UBC836 2 1.6018 0.3687 0.553 2 1.7463 0.4165 0.604
UBC840 2 1.8589 0.4606 0.6529 2 1.9524 0.4877 0.6808
UBC842 2 1.7892 0.4287 0.6165 2 1.652 0.3687 0.5444
UBCB849 1.8 1.7368 0.3831 0.5374 1.8 1.6119 0.3446 0.4974
UBC851 2 1.7605 0.4239 0.6128 2 1.7846 0.4258 0.6125
UBCS855 2 1.7266 0.4081 0.5947 2 1.5569 0.3286 0.4987
UBC856 2 1.6157 0.3703 0.5543 2 1.3582 0.2359 0.3759
UBC857 2 1.8486 0.4558 0.6476 2 1.6908 0.3883 0.5699
UBC864 2 1.7503 0.4172 0.6041 2 1.8313 0.4514 0.6432
UBC899 1.6 1.5046 0.2727 0.3879 1.6 1.3558 0.2222 0.3339
UBC900 1.6 1.1981 0.136 0.2245 1.8 1.3306 0.2136 0.332

Mean 1.9 1.5861 0.3364 0.4969 1.9 1.5318 0.3109 0.4657

Note: Na (Number of Aelle), Ne (Number of effect Aelle); 2 (Nei’s gene diversity); 7 (Shannon’s information index).

Table 5. Genetic diversity of radix astragali of different origins.

Origin Na Ne h 1 Np PPB
Astragalus membranaceus (Fisch.) Bge
Inner Mongolia 1.6452 1.4497 0.2538 0.3714 190 89.20%
Ningxia 1.3306 1.2338 0.1370 0.1999 117 54.93%
Shandong 1.4355 1.2919 0.1660 0.2445 135 63.38%
Shanxi 1.2086 1.1472 0.0861 0.1260 83 38.97%
Gansu 1.3710 1.2194 0.1288 0.1942 121 56.81%
Hebei 1.4274 1.2761 0.1615 0.2400 130 61.03%
Heilongjiang 1.6613 1.4024 0.2321 0.3465 181 84.98%
Jilin 1.3226 1.1913 0.1121 0.1686 111 52.11%
Liaoning 1.2339 1.1467 0.0868 0.1296 92 43.19%
Mean 1.4040 1.2621 0.1516 0.2245 129 60.51%
A. membranaceus (Fisch.) Bge.var. Mongholicus (Bge.) Hsiao

Shanxi 1.8500 1.6157 0.4877 0.5212 203 95.31%
Inner Mongolia 1.8387 1.5368 0.3109 0.4613 194 91.08%
Shaanxi 1.2097 1.1483 0.0869 0.1268 87 40.85%
Gansu 1.3548 1.2196 0.1306 0.1955 115 53.99%
Hebei 1.3952 1.2528 0.1461 0.2174 127 59.62%
Mean 1.5297 1.3546 0.2324 0.3044 145 68.17%

Note: Na (Number of Aelle); Ne (Number of effect Aelle); 42 (Nei’s gene diversity); Np (Number of polymorphic bands); 7 (Shannon’s information index); PPB (Per-
centage of polymorphic bands).
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only 87. The PPB, h, and I were 40.85%, 0.0869, and 0.126, respectively. These results
indicate the different origins and order of A. mongholicus genetic diversity from high-
est to lowest: Shanxi, Heilongjiang, Hebei, Gansu, and Shaanxi. At a general level, the
average value (/: 0.1516, £ 0.2245, PPB: 60.51%) of the genetic diversity of A. membra-
naceus from the nine provinces was slightly lower than the value (A: 0.2324, I 0.3044,
PPB: 68.17%) of A. mongholicus from the five provinces.

3.5. Clustering Analysis of Radix Astragali

The Gs coefficient of nine origins of A. membranaceus and five origins of A. mongho-
licus was calculated using NTSYSpc 2.10 software, and UPGMA was used to generate a
dendrogram (Figure 1). The 14 different origins of two Astragali could be completely
separated into two parts based on 0.80 coefficient using the 25 ISSR primers. One group
cluster consisted of the northern regions including Inner Mongolia, Shanxi, Shandong,
Heilongjiang, Hebei, Jilin, and Liaoning, and the other group cluster consisted of Ning-
xia, Gansu, and Shaanxi. This first group was clustered according to place of origin and
conformed to the geographical characteristic of the traditional Chinese medicinal ma-
terial geoherbalism. The large group was also divided into two groups according to
production. One group includes Shanxi and Inner Mongolia. Cluster was initially ob-
served with A. mongolian of Shanxi and Inner Mongolia at 0.93 and then with A.
membranaceus of Inner Mongolia at 0.91. The other group includes five districts,
namely, Shandong, Heilongjiang, Hebei, Jilin, and Liaoning, which were mostly from
A. membranaceus. The major second group mainly includes three origins, namely,
Ningxia, Gansu, and Shaanxi. The membrane pod of A. membranaceus and A. mong-
holicus of Gansu Province was clustered as a group at 0.88. After Shaanxi A. mongolian

clustering, A. membranaceus of Ningxia formed the second group.

Inner Mongolia(A. membranaceus)
Shanxi(A. mongholicus)
—: Inner Mongolia(A. mongholicus)
Shandong(A. membracaceus)
Heilongjiang(A. membranaceus)
_: Hebei(A. mongholicus)
1 Jilin(A. membranaceus)
! Liaoning(A. membranaceus)

Hebei(A. membranaceus)
Ningxia(A. membranaceus)

l Gansu(A. membranaceus)

Gansu(A. mongholicus)

Shaanxi(A. mongholicus)

Shaanxi(A. membranaceus)

I T T Ll Ll ‘l L} Ll T I LS Ll Ll L} ' LS Rl T T ]
0.70 0.76 0.82 0.88 0.95
coefficient

Figure 1. Dendrogram of Gs among the radix astragali from different habitats.
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4. Discussion

4.1. Genetic Diversity

Genetic diversity is the product of the long-term evolution of a species or a population.
It is the basis of existence, development, and evolution of species. Therefore, the study
on the genetic diversity of species is fundamental to understand the taxonomy, origin,
and evolution of species. Furthermore, such study will provide a theoretical basis for
the germplasm resource conservation, development, utilization, and breeding [14]. In
the present study, the genetic diversity of 95 Astragalus materials was analyzed by using
25 highly repeatable and polymorphic ISSR primers. A. mongholicus had higher genet-
ic diversity (/& 0.3364, [ 0.4969) than A. membranaceus (A: 0.3109, I 0.4657) at the
species level (Table 4). The results of this study were consistent with the findings (A.
mongholicus, h: 0.822; A. membranaceus, h: 0.689) of the research on genetic diversity
of the two species by SSR molecular marker [15]. Compared with a relevant research
[16], we speculated that A. mongholicushad a higher level of genetic diversity.

Astragalus mainly depends on insect for pollination and on humans for seed disper-
sal; it also possesses distant hybridization properties [17]-[19]. These life history traits
are dominated by outcrossing breeding system and considered as an important factor
to maintain higher genetic diversity of species [20]-[22]. The wild Astragalus resource
gradually decreased mainly because of the recent over-excavation and habitat deteri-
oration caused by human activity [23] [24]. However, the interference is likely only the
effect of the number and genetic diversity of parts of a local area of Astragalus, in addi-
tion to the fact that the species are perennial herbaceous plants with high medicinal
value. Thus, the large range of distribution, long life cycle, and germplasm (seed) ex-
changes in the development and propagation can be conducive to the genetic diversity
at the species level [21] [25]. Therefore, the genetic diversity of the two species of As-
tragalus is unaffected by severe loss of habitat and human destruction.

4.2. Analysis and Diversity of Two Species of Astragalus in Different
Habitats

The genetic diversity of different habitats of the two species of medicinal Astragalus was
analyzed. The genetic diversity index of A. membranaceus was the highest in Heilong-
jiang (Np: 183, PPB: 86.13%, A: 0.2321, I 0.3465) and the lowest in Shaanxi (MNp: 83,
PPB: 39.1%, f: 0.0861, I 0.1260). Meanwhile, A. mongholicus polymorphic loci were the
highest in Shanxi (Mp: 203, PPB: 95.3%, A: 0.4877, I 0.5212) and the lowest in Shaanxi
(Np: 87, PPB: 40.97%, h: 0.0869, I 0.1268). Thus, the genetic diversity level is basically
consistent in A. membranaceus and A. mongholicus, which have higher genetic diversity
in the genuine habitat. These phenomena may be attributed to the abundant germplasm
resource and traditional history in development and utilization. At a general level, the
genetic diversity of A. membranaceus from the nine provinces (&: 0.1516, £ 0.2245, PPB:
60.51%) was slightly lower than that of A. mongholicus from the five provinces (A
0.2324, I 0.3044, PPB: 68.17%). This result may be due to the fact that A. mongholicus
has high utilization rate (faster regeneration) and germplasm diversity [15] [26] [27].
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4.3. Analysis on the Genetic Relationships between Two Species of
Astragalus in Different Habitats

Results showed that the two medicinal Astragalus species from 10 different habitats
could be clustered into two groups (Figure 1). In these groups, major clustering was
based on the geographical habitats (Shanxi and Inner Mongolia) of A. membranaceus
and A. mongholicus. The morphological characteristics and classification status of the
two species showed a very close genetic relationship [2]. In addition, Shanxi and Inner
Mongolia are areas where authentic Astragalus herbal medicine is real estate areas.
Thus, the first clustering was according to place of origin. However, Hebei A. mongho-
licus merged into different geographical positions in the clustering, which may be due
to its mixed medicinal material source. Hebei is the largest business center; thus, seed
and germplasm mix into the genetic information of the two species. Another group of
three habitats of A. membranaceusand A. mongholicus, including Ningxia, Gansu, and
Shaanxi, was clustered into one category from Gansu. The recorded change for the
famous region of Astragalus in history is from Sichuan to Gansu, Shaanxi, Ningxia,
Shanxi, Inner Mongolia, and gradual migration to Northeast Heilongjiang. Main culti-
vated varieties of A. membranaceus also replaced A. Mongholicus. Based on the classi-
fication of A. mon-gholicus from A. membranaceus variants, the genetic relationship is
very close. The experimental results also presented that these species were divided
according to origin and not from species distinction. This clustering also showed that
the genetic relationship was close and may be related to the dominant characteristics

of ISSR molecular markers.

4.4. Protection Strategy of Astragalus Germplasm Resources

In summary, two Astragalus species currently maintained a middle genetic diversity
level. Genetic diversity is the basis of species to adapt to the environment and evolution
to avoid extinction and survive. Genetic diversity also provides theoretical basis for
further development and utilization of germplasm resources. The current anthropo-
genic deforesting and picking activities as well as habitat deterioration do not seriously
affect the Astragalus genetic diversity. However, if the deterioration of the environment
and damage induced by human activities are ineffectively prevented, the fragmentation
of Astragalus habitat and population scale is bound to accelerate. This phenomenon
can cause a genetic drift in its population and lead to a substantial loss of the current
abundant genetic diversity. Such loss will affect the survival of the species and the
availability of excellent germplasm resources. The main reasons of wild Astragalus re-
source loss are deliberate cutting and picking, as well as habitat destruction. We suggest
that Astragalus protection area should be established as soon as possible in wild Astra-
galus habitat to prohibit unauthorized and wasteful mining. Detailed plan about devel-
opment and utilization should also be designed. Considering that the current biological
research on Astragalus is few, we suggest further research on the reproductive biology,
conservation genetics, and physiological and ecological aspects to provide basis for the

conservation and sustainable utilization of these species.
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