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Abstract

About 300 species and varieties of Astragalus are identified in China, making the identification of the origin of a particular
Astragalus species on the consumer market difficult. A molecular genetic approach was developed to identify various species of
Astragalus. Although the 5S-rRNA coding sequence is conserved in higher eukaryotes, the spacer domain of the 5S-rRNA gene
has great diversity among different species. The 5S-rRNA spacer domain was amplified by polymerase chain reaction (PCR)
from the isolated genomic DNA, and the PCR products (~300 bp) covering the 5S-rRNA spacer domain were sequenced. The
nucleotide sequences of Astragalus membranaceus, A. membranaceus var. mongholicus, A. lehmannianus, A. hoantchy, and of one
closely related species Hedysarum polybotrys (Hongqi), were determined. Diversity in DNA sequence and restriction enzyme
mapping among various species was found in their 5S-rRNA spacer domains. This is the first report on the detection of 5S-
rRNA spacer region sequence of Astragalus, and the results could be used for genetic identification of Huangqi. © 2000 Elsevier
Science Ltd. All rights reserved.
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1. Introduction larly in Southeast Asia. The genus Astragalus L. is
composed of 278 species, two subspecies, 35 var-
ieties and two forma in China (Fu, 1998). However,
only 12 of these carry the name Huangqi on the
market of herbal medicine. The authentic identifi-
cation of Huangqi is very difficult for consumers.
The most commonly used Huangqi are Astragalus
membranaceus (Fisch.) Bunge and A. membranaceus
(Fisch.) Bunge var. mongholicus (Bunge) Hsiao.
Both of these are recorded as the botanical sources
of Huanggi in Chinese Pharmacopoeia (Chen, 1995).
Astragalus  lehmannianus  Pall. and A. hoantchy
Franch may be commonly used as adulterants of
Huangqgi. Another herbal medicine Hongqi (Radix
* Corresponding author. Tel.: +852-2358-7332; fax: +852-2358- Hedysaris, root of Hedysarum polybotrys Hand.-
1559. Mazz.) is a species closely related to Astragalus,

E-mail address: botsim@usthk.ust.hk (K.W.K. Tsim). and is commonly used as a replacement of

Huangqi (Radix Astragali, root of Astragalus) is
a traditional Chinese medicine commonly used as a
tonic and diuretic. Although Astragalus has a long
history of medicinal use in Chinese herbal medicine,
it is only recently that its pharmacological proper-
ties and clinical applications have been examined.
Astragalus has a wide range of immunopotentiating
effects, and has proven efficacious as an adjunct
cancer therapy (Sinclair, 1998). A large quantity of
Huangqi is needed throughout the world, particu-
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Huangqi. However, they have different efficacy. The
close resemblance of different types of Astragalus
greatly compromises the value of traditional medi-
cines in the market place. Thus, the correct identifi-
cation of Huangqi is very important for the
modernization of traditional Chinese medicine.
Astragalus membranaceus and A. membranaceus var.
mongholicus grow mainly in the north, the northeast
and the northwest parts of China, while H. polybotrys
is distributed mainly in the northwest. The natural
resources of Astragalus are decreasing gradually due to
the exhaustive exploitation. Indeed, Huangqi is cur-
rently supplied largely from farming. The general
approaches to herbal identification are dependent on
morphological, anatomical, and chemical analyses, but
these characteristics are often affected by environmen-
tal and developmental factors during plant growth.
Additionally, medicinal plants are processed for use as
crude drugs, causing many morphological and anatom-
ical characteristics as well as some chemical constitu-
ents to change. Therefore, it is difficult to determine
the botanical origins of crude herbs through anatom-
ical and chemotaxonomical studies. A DNA-based
polymorphism assay may offer an alternative method
for the identification of herbal medicines. Using a
polymerase chain reaction (PCR) technology, nano-
gram quantities of DNA can be amplified to yield suf-

ficient amounts of template DNA for molecular
genetic analysis.

In higher eukaryotes, the 5S-TRNA gene is separated
by simple spacers. The gene occurs as a tandem
repeated unit (cistron) consisting of a ~120 bp coding
region separated by few hundred base pairs of spacer.
Although 5S-rRNA is highly conserved, the spacer
domains are variable in different species domains (Ger-
lach and Dyer, 1980; Long and Dawid, 1980; Cai et
al., 1999). Thus, the diversity of the spacer domain can
be used as a molecular marker for species identifi-
cation. Here, two primers complementary to the cod-
ing region of the 5S-rRNA were used to amplify the
intergenic spacer domain by PCR. The amplified
spacer regions of different species of Astragalus were
sequenced and compared.

2. Results and discussion

Fig. 1 shows the quality of genomic DNA isolated
from different sources of Astragalus. Although DNA
degradation was observed in the crude drug prep-
aration, PCR products amplified by using primers
from regions flanking the spacer domain of 5S-rRNA
were revealed from DNA isolated from fresh leaf,
fresh root and crude drug. In different species of
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Fig. 1. Agarose gel electrophoresis of genomic DNAs and PCR products. Ten pg of genomic DNA was loaded per lane. Degradation was
revealed in the DNA isolated from crude drug. PCR products (~1 pg) were generated by primers (P1 and P2) flanking the spacer domain of 5S-
rRNA using DNA templates from various sources of 4. membranaceus. The same size PCR products were obtained from several tested samples

(N = 4). DNA markers (in kb) are indicated.
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Astragalus, two PCR products having lengths of ~300
and ~600 bp were detected in agarose electrophoresis
analysis, while H. polybotrys had ~200 and ~400 bp
fragments (Fig. 2). The PCR products were subcloned
and sequenced. Several individual clones of the same
PCR product were sequenced to avoid mutation intro-
duced by Tag polymerase. The higher molecular
weight PCR product, ~400 bp in H. polybotrys or
~600 bp in Astragalus, is a dimer of the smaller one,
since the larger PCR product contained repeat
sequences of the smaller one including the 5S-rRNA
coding region. The respective lengths of the 5S-rRNA
spacer domain in different species are: A. membrana-
ceus 234 bp, A. membranaceus var. mongholicus 233
bp, A. lehmannianus 228 bp, A. hoantchy 226 bp and
H. polybotrys 142 bp (Fig. 3). The DNA fragments
were sequenced several times in both directions. Identi-
cal sequences were obtained from all the tested species
when the template DNAs were isolated from either
fresh leaf, fresh root, dry crude drug, or different
regions of cultivation of the same Astragalus species
(data not shown). The unique restriction enzyme sites
on their 5S-rRNA spacer domain could easily discrimi-
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Fig. 2. PCR products generated by primers (P1 and P2) flanking the
spacer domain of 5S-rRNA using DNAs from 4. membranaceus, A.
membranaceus var. mongholicus, A. lehmannianus, A. hoantchy and
H. polybotrys as templates. The PCR products were separated using
a 1.2% agarose gel. The same size PCR products were obtained
from three tested samples (N = 4). DNA markers (in kb) are indi-
cated.

nate between different species. Fig. 3(B) shows the
restriction map of various Astragalus and of H. poly-
botrys, which could provide a rapid way for identifi-
cation of A. membranaceus and A. membranaceus var.
mongholicus from its adulterants. This criterion could
also be used to identify the crude dry herb, therefore
allowing for secure and effective usage of Astragalus in
the future.

The spacer domains among all Astragalus species
are highly conserved. Fig. 4 shows the phylogenetic
tree obtained by comparing the sequence identity from
different Astragalus species. Astragalus membranaceus
and A. membranaceus var. mongholicus have a closer
phylogenetic relationship, sharing 97% DNA identity.
This identity is the highest among the four species
being compared. This sequence identity data agrees
with the proposal raised by Prof. P. G. Hsiao, who
classified 4. mongholicus as a variety of A. membrana-
ceus (Hsiao, 1964). However, the 5S-rRNA sequences
of other members within the subgenus of 4. membra-
naceus and A. membranaceus var. mongholicus are not
yet determined, and their sequence data are required
to draw a definitive conclusion. Besides the 5S-rRNA,
it would be interesting to determine the homology of
other gene sequences between A. membranaceus and A.
membranaceus var. mongholicus. The sequence of A.
lehmannianus is 73% identical to that of A. membrana-
ceus. Astragalus lehmannianus belongs to subgenus
Calycophysa while A. membranaceus is a member of
the subgenus Phaca, which could explain the greater
diversity of gene sequences. The spacer domain
sequence of 4. hoantchy is only 70% identical to that
of A. membranaceus. Astragalus hoantchy belongs to
subgenus Pogononophace. As expected, H. polybotrys
(Hongqi) shows the greatest diversity in its 5S-rRNA,
having less than 50% identity to Astragalus.

There are twelve species that could carry the name
Huangqi in Southeast Asia. Astragulus membranaceus
and 4. membranaceus var. mongholicus are the species
recognized as Huangqi (Chen, 1995). Other species
could act as adulterants of Huangqi, indeed, A. leh-
mannianus and A. hoantchy are common in the market.
Although Hongqi has been used in the past as a repla-
cement for Huangqji, in present day traditional Chinese
medication, Hongqi has a medical purpose distinct
from that of Huangqi (Cui, 1990).

Precise identification of crude drugs is a prerequisite
for chemical and pharmacological investigations of tra-
ditional Chinese medicine, as well as for their clinical
applications. The molecular genetic method has several
advantages over the classical morphological and
chemical analysis. The genetic method is based on the
genotype rather than the phenotype, and is therefore
not dependent on environment. Only a small amount
of drug is needed for DNA analysis, and the test is ap-
plicable to different forms of the drug. In Southeast
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Asia, many traditional Chinese medicines are sold in
the form of capsules containing ground powder of
crude drug mixed with other supplements, making
identification by classical methods difficult. The mol-
ecular genetic approach provides a rapid and reliable
method for identification of traditional Chinese medi-
cine; indeed, a similar approach has been developed to
classify over 25 species of Fritillaria (Cai et al., 1999).
We are in the process of collecting DNA sequence
data from the most popular traditional Chinese medi-
cines for further development.

3. Experimental
3.1. Acquisition of plant materials

Astragalus membranaceus was collected from differ-
ent regions of China including Heilongjiang, Beijing

and Shanxi; A. membranaceus var. mongholicus was
from Neimeggu, Beijing and Shanxi; A. lehmannianus

A

was from Xinjiang; A. hoantchy and H. polybotrys
were from Ninxia and Gansu. Samples were kept in
silica gel during field collection. The crude drugs were
collected from the same regions as the fresh materials.
Four to five different samples from different sources
were tested in each Astragalus species. Voucher speci-
mens were deposited in the Herbarium of Shanghai
Institute of Materia Medica, Chinese Academy of
Sciences, Shanghai, China.

3.2. Extraction of genomic DNA

The dried leaves were frozen with liquid nitrogen
and ground into a powder. Genomic DNA was
extracted from the ground powder using DNA
extraction buffer consisting of 25 mM Tris—=HCI pH
8.0, 50 mM EDTA, 0.5% SDS, 10 pg/ml RNAse,
0.2% PB-mercaptoethanol. The mixed solution was
incubated for 15 min at 58°C, then centrifuged. The
supernatant was extracted by equal volumes of
water saturated phenol:chloroform (1:1), mixed and

A. membranaceus GTGCTTGGGCGAGAGTAGTACT GGGATGGGT GACCT CCT GGGAAGTCCTCGTGTTGCACQICT-TTTTTT 69
A. membranaceus var. mongholicus GTGCTTGGGCGAGAGTAGTACT GGGATGGGT GACCT CCT GGGAAGTCCTCGTGTTGCACQICT-TTTTTT 69
A. lehmannianus GTGCTTGGGCGAGAGTAGTACT GGGATGGGT GACCT CCT GGGAAGTCCTCGTGTTGCACHQICT-TTTTTT 69
A. hoantchy GTGCTTGGGCGAGAGTAGTACT GGGATGGGT GACCT CCT GGGAAGTCCTCGTGTTGCACQICTCTTTTTT 70
H. polybotrys GTGCTTGGGCGAGAGTAGTACT AGGATGGGT GACCT CCT GGGAAGTCCTCGTGTTGCACAICT--TTTTC 68
Tk hkk kkk hkkk hkkhk khkkhdhkhkkhk hhkhhkhkhkhkkhhkhkhkhkkhkhhkhkhkdhkhk khhkhkhkhkkk khk khkk khkk * ok k K
Pt ——
A. membranaceus ATTTTAGT TGATTT TTT TGCGCAAT TTT TTT GAAAAGAG TACAATAACGGT TTCGCGCGTTTTTGCTACT 139
A. membranaceus var. mongholicus  ATTTTAGTTGATTTTTTTGCGCAATTCT TTTGAAAAGAGTACAATAACGGT TTCGCGCGTTTTTGCTACT 139
A. lehmannianus AATTTTTT GCATCGATT TTCTGGAAA~— -~ AAAAAAGGTCCAATAACAGT TTCGAACATTT TTTCGAC- 133
A. hoantchy AATTTTTT TCGTCGATT TTC TGA-- ——---- ~AAAAAGT TACATCAACGGT TT CCTACAATT TTTCGAC- 130
H. polybotrys GATTATTTTTTTAATTTTTTTG----------ACAAAAGTAC------~----=-GTGCATTTTC------ 110
* * * * * Kk * Kk k * Kk * * Kk k
A. membranaceus CGAAATGC TAGGCT CGT TGGGACTCA--GTGATT GT TGAA-T TTT TTCGGATT TTT TGGACCAAGAATCG 206
A. membranaceus var. mongholicus CGAAATGCTAGGCT CGT TGGGACTC-~-GTGATTGT TGAA-TTTT TTCGGATT TTT TGGACCAAGAATCG 205
A. lehmannianus --AAG-GCTAGCCACGCTAT GT TTCCCCGTGATCGT TGAT-TTTT TTCGGATT TTT TGGGCGAAGAATCG 199
A. hoantchy --AAG-ACTAGCCACGCTATGT TTACTCGTGATCGGTAAAAT TTT TTGGGATT TTT CGGGCCAAGAATCG 197
H. polybotrys  mmmmmmmmeee e CTCC--GGAAAT GT TGTACARAT TTGATATTATATAGATAARAARA -~ 154
* * * * ok * Kk Kk *k ok Kk * *k kok
A. membranaceus GAGCAAACGGAGTAAGT TGT CCGAAAACAG-TTTAT TTCTGCTAGCGCGCGGAGAAGGCTTGTATACTAT 275
A. membranaceus var. mongholicus GAGCAAACGGAGTAAGT TGT CCCGAAACCG-TTTAT TTCTACTAGCGCGCGGAGAAGGCTTGTATACTAT 274
A. lehmannianus GAGCAAACCGAGTAAGT TGACCGAAAAT CGATTT TT TTGTACTAACGCCCGAAARAGGCATGTATACTAT 269
A. hoantchy TAGCAAACGGAGTAAAT TGACCGAAAAT TGATTT TT TTGCAC TAACGC CCGAAARAGGCATGTATACTAT 267
H. polybotrys ====-AAACACA--=-===-==-—~- ARAAAT === === == ====——=———————— —— AAAGGCATGTATACAAT 183
* ok k ok * * Kk k hhkhkkdk hkhkkhkkk ok kK

A. membranaceus TACCGTGCATTACT TGACAGGT GCGATCATACCAGCACTAAGGATCC| 322

A. membranaceus var. mongholicus TACCGTGCATTACT TGACAGGT GCGATCATACCAGCACTAAGGATCC| 321

A. lehmannianus TACCGCGCATAACT TCACHGGT GCGATCATACCAGCACTAAGGATCC| 316

A. hoantchy TACCGCGCACAACT TCACHGGT GCGATCATACCAGCACTAAGGATCC| 314

H. polybotrys AAGCGCGCATAACT TGA 230

* ok k kokk hkk ok kokkk kkkkk kkhk kkk khkhk kk kkk khkk kkk ok

P2

Fig. 3. Sequence analysis of the spacer domain of 5S-rRNA. (A): Sequence alignments of the spacer domains of 5S-rRNA genes from A. mem-
branaceus (GenBank accession number AF239711), A. membranaceus var. mongholicus (AF239712), A. lehmannianus (AF239714), A. hoantchy
(AF239713) and H. polybotrys (AF239715). The coding regions are boxed. Primer sequences (P1 and P2) used for amplification are indicated by
arrows and in bold. Identical sequences are indicated by (). Gaps (-) are introduced for the best alignment. (B): Restriction enzyme mapping of
the spacer domains of 5S-rRNA genes. Apo I, Nhe I, Taq I and Tsp RI are shown in the map. Arrows indicate the restriction sites. Only the dis-

tinct sites are shown here.
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Taql TspRI Nhel
A. membranaceus \l/ \l/ \]/ 234 bp
Taql
A. membranaceus \l/
var. mongholicus 233 bp
Nhel
A. lehmannianus \1/ 228 bp
Apol
A. hoantchy \l’ 226 bp
Taql Apol
H. polybotrys \l/ 142 bp
1
0 50 bp

Fig. 3 (continued).

A. lehmannianus
_[ A. hoantchy
A. membranaceus
I: A. membranaceus var.

mongholicus

H. polybotrys

L1
0 0.1

Fig. 4. Phylogenetic tree for the Astragalus species and H. polybotrys
assessed by UPGMA method. The highest identity is between A.
membranaceus and A. membranaceus var. mongholicus. Hedysarum
polybotrys shows great diversity when compared to to Astragalus.
The distance corresponding to 0.1 sequence divergence is indicated
by the bar.

then centrifuged. The aqueous phase was collected
and added to 0.1 volume of 3M sodium acetate
and 2 volumes of 100% ethanol. The resulting pel-
let was collected after centrifugation and was dis-
solved in 10 mM Tris—HCI pH 8.0, 5 mM EDTA
(Tris—-EDTA).

DNA isolation from fresh roots (dried in silica gel)
and the crude drug of Astragalus was difficult because
of the high amounts of polysaccharides and secondary
metabolites that formed insoluble complexes with
nucleic acids during extraction (Pandey et al., 1996;
Cai et al., 1999). Genomic DNA was extracted from
the ground powder using CTAB extraction buffer (100
mM Tris—-HCI, pH 8.0, 20 mM EDTA pH 8.0, 4%
CTAB, 1.5M NacCl, 4% PVP-40, 0.5% ascorbic acid,
0.5% diethyldithiocarbamic and 10 mM B-mercap-
toethanol). The mixed solution was incubated for 10
min at 65°C, then a 0.25 volume of cold 5 M potass-
ium acetate was added and incubated at 0°C for 40
min and centrifuged for 10 min. The supernatant was
added to 0.7 volume of cold isopropanol, mixed gently
and incubated at —20°C for 10 min to precipitate
genomic DNA. After centrifugation, the supernatant
was discarded, and the pellet was suspended in 1.0 ml
Tris—EDTA. Sodium acetate (3 M, 65 ul) and cold iso-
propanol (600 pl) were added and incubated at —20°C
for 10 min. After spinning for 30 s, the pellet was
washed carefully with 76% ethanol, and suspended in
Tris—EDTA.

3.3. PCR amplification

A 50 pul PCR reaction mix consisted of 5 pl 10x
reaction buffer, 1 pl each of 10 mM dNTPs stock, 2.5
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pl containing 0.3 pg forward and reverse primers (syn-
thesized by GIBCO-BRL, Grand Island, NY) and 1
unit of Taq polymerase (Boehringer Mannheim, India-
napolis, IN). The primers used for amplification of 5S-
rRNA were Pl forward primer (5'-GGA TTC GTG
CTT GGG CGA GAG TAG TA-3") and P2 reverse
primer (5'-ACG CTA GTA TGG TCG TGA TTC
CTA GG-3'). These primers flank the spacer domain
of 5S-rRNA (Gerlach and Dyer, 1980; Long and
Dawid, 1980; Cai et al., 1999). Approximately 50 ng of
genomic DNA was used as a template for the reaction.
The reaction mix was overlaid with mineral oil and
placed in a Robocycle Gradient 40 (Stratagene, La
Jolla, CA). Cycling conditions consisted of an initial 5
min at 94°C followed by 1 min denaturing at 94°C, 2
min annealing at 53°C and 3 min elongation at 72°C
repeated for 30 cycles and with 10 min extension at
72°C. The PCR products were subjected to ~1% agar-
ose gel electrophoresis and visualized by ethidium bro-
mide staining under UV. DNA was purified using an
agarose Gel DNA Extraction Kit (Boehringer Man-
nheim).

3.4. Subcloning and sequencing

The PCR products were subcloned into a TA clon-
ing vector pTAg (R&D Systems, UK). Competent E.
coli JM109 cells were transformed with the ligated pro-
ducts, and the colonies identified by color selection
were picked and grown in 3 ml of Luria—Bertani (LB)
liquid medium overnight. The mini-preparation of
plasmid DNAs from the ligator cell was performed
using alkaline lysis (Sambrook et al., 1989). The cor-
rect DNA inserts were verified by restriction analysis.
The plasmid DNAs from verified colonies were also
isolated with the Wizard® Minipreps DNA Extraction
system (Promega, Madison, WI). ABI Prism®, Big-
Dye® Terminator, cycle Sequencing Ready Reaction
Kit were used for the sequence reaction with T7 or
SP6 primers. Sequences were detected by an ABI

Prism® 310 Genetic Analyzer (Applied Biosystems,
Foster City, CA).
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