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Radix Astragali (root of Astragalus; Huangqi) is a traditional Chinese medicine commonly used as
an immunostimulant, hepatoprotective, diuretic, antidiabetic, analgesic, expectorant, and sedative
drug. Although the species of Radix Astragali have been defined as Astragalus membranaceus and
A. membranaceus var. mongholicus in Pharmacopoeia of China, their taxonomy remains controversial.
The phylogenetic relationships among 10 Astragalus taxa, which are commonly found in China
including A. membranaceus, A. membranaceus var. mongholicus, Astragalus propinquus, Astragalus
lepsensis, Astragalus aksuensis, Astragalus hoantchy, Astragalus hoantchy subsp. dshimensis,
Astragalus lehmannianus, Astragalus sieversianus, and Astragalus austrosibiricus, were determined
using the DNA sequences of the 5S ribosomal RNA (5S rRNA) spacer, internal transcribed spacer
region (ITS), and 18S rRNA coding region. The 5S rRNA spacer, ITS, and 18S rRNA, amplified by
polymerase chain reaction from the isolated genomic DNAs, were sequenced. By using neighbor-
joining and maximum parsimony analyses, phylogenetic trees were mapped by their sequence
diversity. A. membranaceus and A. membranaceus var. mongholicus shared the greatest sequence
homology. In addition, A. propinquus shared a closer relationship with A. membranaceus and A.
membranaceus var. mongholicus, while other Astragalus species were less closely related. This is
the first paper to show the phylogenetic relationship of Astragalus species related to Radix Astragali
in China by the molecular genetic approach.
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INTRODUCTION

In traditional Chinese medication, when one has Qi deficiency
and Yang weakness, one will be prescribed Radix Astragali (root
of Astragalusspecies; Huangqi), which has been proven to be
an immunostimulant, tonic (adaptogenic), hepatoprotective,
diuretic, antidiabetic, analgesic, expectorant, and sedative drug
(1-3). Although Radix Astragali has a long history of usage
in Chinese herbal medicine, its pharmacological properties and
clinical applications have not been studied until recently.

AstragalusL. (Leguminosae) is a large genus with over 2000
species worldwide and more than 250 sections in the angiosperm
family Fabaceae (subfamily Papilionoideae). Distribution is
mainly in cool arid continental regions of the Northern
Hemisphere and South America, whileAstragalusis especially
diverse in southwestern Asia (ca. 1000-1500 spp.) (4). Of these,
278 species, two subspecies, 35 varieties, and two forms are
recorded from China (5). The most commonly used Radix
Astragali are roots ofAstragalus membranaceus(Fisch.) Bunge
andAstragalus membranaceus(Fisch.) Bunge var.mongholicus
(Bunge) (3,6, 7); both are listed as the authentic botanical
sources of Radix Astragali in Chinese Pharmacopoeia (1,3).

Although A. membranaceusand A. membranaceusvar.
mongholicusare very similar in morphology and chemical
composition (3, 6, 8), their taxonomic status and, by implication,
phylogenetic relationship are not clear. The original species of
Radix Astragali were determined by Hsiao (6) to be A.
membranaceus,Astragalus mongholicus, andHedysarum po-
lybotrys Hand.-Mazz. On the basis of the morphological
characters, Hsiao (6) further reducedA. mongholicusto a variety
of A. membranaceus. This interpretation was adopted by Qian
(9) and Fu (5) but has not received broad support from scientists
outside China (10-12). Another controversial taxonomic prob-
lem, Astragalus propinquusSchischk., which is presumed to
be closely related toA. membranaceusandA. membranaceus
var. mongholicus, was considered to be absent from China by
Fu (5), even though it is known to occur in Xinjiang Province
(1). Although the geographical distributions ofA. propinquus
andA. membranaceus(including A. membranaceusvar. mon-
gholicus) are distinct in China, the aforementioned factors
frequently lead to taxonomic uncertainty among scientists and
raise the possibility that adulterants of Radix Astragali could
go undetected.

The DNA sequences of 5S ribosomal RNA (5S rRNA) spacer
(13-16), internal transcribed spacer region (ITS;4, 17), and
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18S rRNA coding region (18) have been used to determine the
phyogenetic relationship of various genus. In addition, the
genetic analysis on 5S rRNA spacers ofA. membranaceusand
A. membranaceusvar.mongholicushas been reported (19). To
investigate the phylogenetic relationships of Radix Astragali
with other related species ofAstragalus, the DNA sequences
of 5S rRNA spacer, ITS, and 18S rRNA coding region were
determined and compared among 10Astragalus taxa that
includedA. membranaceus,A. membranaceusvar.mongholicus,
A. propinquus, Astragalus lepsensisBunge,Astragalus aksuensis
Bunge,Astragalus hoantchyFranch.,A. hoantchyFranch subsp.
dshimensis(Gontsch.),Astragalus lehmannianusBunge, As-
tragalus sieVersianusPall., andAstragalus autrosibiricusSchis-
chk. These taxa are thought to be closely related and are
commonly found in northern parts of China. The phylogenetic
relationships of these taxa are also discussed in a biogeograhical
context.

MATERIALS AND METHODS
Selection of Taxa and Sources of Plant Materials.Ten taxa of

Astragalusrelated to Radix Astragali were collected from China for
investigation.A. membranaceuswas obtained from Heilongjiang, Jilin,
Neimenggu, and Shanxi;A. membranaceusvar.mongholicuswas from
Neimenggu, Shanxi, Hebei, and Xinjiang;A. hoantchywas from Ninxia,
Neimenggu, Gansu, and Qinhai;A. austrosibiricuswas from Qinhai
and Xinjiang.A. propinquus, A. lepsensis, A. aksuensis,A. lehmanni-
anus, A. sieVersianus, andA. hoantchysubsp. dshimensiswere all
collected from Xinjiang. They were kept in silica gel during the field
collection. Samples of the tested species were stored dry for further
identification; the storage time was less than 6 months before the DNA
extraction. About 15 different samples collected from different
geographical regions were tested in each species. At least three samples
were collected from one geographical population, and they were
collected in September to October, and they were all 3 year old plants
(as described in20). A single plant was used for DNA extraction and
analysis. Voucher specimens (Table 1; see also20) were deposited in
the Department of Biology, The Hong Kong University of Science and
Technology, Hong Kong, China.

Genomic DNA Extraction. Fresh leaves (desiccated by silica gel)
were frozen with liquid nitrogen and ground into powder. Genomic
DNA was extracted from the ground powder by using DNA extraction
buffer consisting of 25 mM Tris-HCl, pH 8.0, 50 mM ethylenedi-
aminetetraacetic acid (EDTA), 0.5% sodium dodecyl sulfate, 10µg/
mL RNase, and 0.2%â-mercaptoethanol. The mixed solution was
incubated for 15 min at 58°C and then centrifuged at 12 000g for 10
min (13,16). The supernatant was extracted by equal volumes of water-
saturated phenol:chloroform (1:1), mixed, and then centrifuged. The
aqueous phase was collected and added to 0.1 volume of 3 M sodium
acetate, and 2 volumes of 100% ethanol were added. The resulting
pellet was collected after centrifugation at 12 000g for 15 min at 4°C
and dissolved in Tris-EDTA.

Polymerase Chain Reaction (PCR) Amplification and DNA
Sequencing.A 50 µL PCR reaction mix consisted of 5µL of 10X
reaction buffer, 1µL each of 10 mM dNTPs stock, 2.5µL of forward
and reverse primers (synthesized by Invitrogen Life Technologies,
Carlsbad, CA), and 1 unit ofTaq polymerase (Boehriger Mannheim,
Indianapolis, IN). The primers used for amplification of the 5S rRNA
spacer were 5S-1 forward primer (5′-GGA TCC GTG CTT GGG CGA
GAG TAG TA-3′) and 5S-2 reverse primer (3′-GGA TCC TTA GTG
CTG GTA TGA TCG CA-5′) (13,16,19). The primers for amplification
of ITS were ITS-1 forward primer (5′-AGG AGA AGT CGT AAC
AAG GT-3′) and ITS-2 reverse primer (3′-TGA TAT GCT TAA ACT
CAG CG-5′) (21). Primers used for amplification of 18S rRNA were
18S-1 forward primer (5′-CTG GTT GAT CCT GCC AG-3′) and 18S-2
reverse primer (3′-CAC CTA CGG AAC CCT TG-5′) (18). The specific
locations of these primers are shown inFigure 1A. 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 (30 cycles) condition
was described previously (13, 16, 19). The PCR products were subjected
to ∼1% agarose gel electrophoresis and visualized by ethidium bromide
staining under UV. DNAs were purified by agarose Gel DNA Extraction
Kit (Boehringer Mannheim).

The PCR products were subcloned into a TA cloning vector pTAg
(R&D Systems, U.K.) (22). The plasmids were purified for sequencing.
ABI Prism, BigDye Terminator, and cycle Sequencing Ready Reaction
Kit (all from Applied Biosystems, Foster City, CA) were used for
sequence reaction with T7 or SP6 primers. The longer clones were
sequenced by using oligonucleotides synthesized according to the
sequences obtained by T7 or SP6 primers. The sequences were detected
using an ABI Prism 310 Genetic Analyzer (Applied Biosystems).
Several PCR products from one sample were sequenced several times
in both directions.

Sequence Alignments and Polygenetic Trees.Comparisons of
entire sequences of the tested samples were aligned by a software
Clustal X having a gap opening of 10 and gap extension of 0.05.
Polygenetic trees based on the hierarchical clustering of the alignments
of the 5S rRNA spacer, ITS, and 18S rRNA were assessed by both
neighbor-joining (UPGMA) and maximum parsimony analyses (PAUP).
An initial parsimony analysis was performed on each set of sequences
using a heuristic search with a random addition sequence of 10
replicates, tree-bisection-reconnection branch-swapping, withA.
austrosibiricusas the out group. Gaps were treated as “missing”. The
preliminary analyses of the 5S rRNA spacer and ITS sequences revealed
two main clades, but analysis of the 18S rRNA sequence was
inconclusive; thus, further analyses were performed only on the 5S
rRNA spacer and ITS sequences.

Additional parsimony analyses were performed using heuristic
searches of the bootstrap method in PAUP. Because of probably rate
heterogeneity between ITS and 5S rRNA spacer regions, separate
analyses were performed for these sequences. Bootstrap values were
calculated from 200 replicates of analyses using the random addition

Table 1. Voucher Number, Respective Length, and GenBank Accession Number of the 5S rRNA Spacers, ITS, and 18S rRNA Coding Regions in
the Ten Astragalus Taxa Examined

5S rRNA spacerb ITSb 18S rRNAb

taxona voucher no. length (bp) accession no. length (bp) accession no. length (bp) accession no.

A. membranaceus 99-01-102 234 AF239711 619 AF359749 1784 AF359594
A. membranaceus var. mongholicus 99-01-089 233 AF239712 619 AF359750 1784 AF359595
A. propinquus 99-02-038 232 AF359580 618 AF359751 1786 AF359596
A. lepsensis 99-06-482 237 AF359581 616 AF359752 1784 AF359597
A. aksuensis 99-05-255 235 AF359582 617 AF359753 1784 AF359598
A. hoantchy 99-04-011 226 AF239713 618 AF359754 1785 AF359599
A. hoantchy subsp. dshimensis 99-04-438 216 AF359583 618 AF359755 1785 AF359600
A. lehmannianus 99-08-103 228 AF239714 612 AF359756 1791 AF359601
A. sieversianus 99-07-199 227 AF359584 618 AF359757 1786 AF359602
A. austrosibiricus 99-09-211 215 AF359585 611 AF359758 1786 AF359603

a Ten different Astragalus taxa were chosen for analysis. These Astragalus taxa are commonly found in China and could serve adulterants of Radix Astragali. Different
populations of Astragalus were collected fresh and dried as described in the Materials and Methods. b About 15 individual samples from each taxon were analyzed. Specific
primers for 5S rRNA spacer ITS and 18S rRNA are shown in Figure 1A.
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and heuristic search options. A neighbor-joining tree was constructed
from the corrected sequence divergence using the NJ option in PAUP.
Sequence divergence values were computed using the Kimura two
parameter method (23). When the rate heterogeneity occurs among the
ITS and 5S rRNA spacer regions, parsimony methods may perform
poorly (24, 25). Thus, maximum likelihood methods were also applied
to the data using PAUP. Transition/transversion ratios were estimated
to be 0.9339 and 1.3588 for the 5S rRNA spacer and ITS sequences,
respectively.

RESULTS

PCR Products and Their DNA Sequence Analyses.Spe-
cific primers flanking the 5S rRNA spacer, ITS region, and 18S
rRNA coding region were used in PCR analyses of genomic
DNAs isolated from differentAstragalusspecies (Figure 1A).
The sizes of PCR products of the 5S rRNA spacer, ITS, and
18S rRNA derived from the genomic DNAs of different
Astragalusspecies were determined (Figure 1B). Two PCR
products having lengths of∼300 bp and∼600 bp were shown
in amplification of the 5S rRNA spacer. After sequence analysis,
the higher molecular weight PCR product (∼600 bp) was

identified as a dimer of the smaller one (∼300 bp; data not
shown). PCR products having sizes of∼700 bp and∼1800 bp
were obtained in the ITS and 18S rRNA, respectively (Figure
1B). All of the PCR products were subcloned and sequenced.
Several individual clones of the same PCR product were
sequenced to avoid mutation introduced byTaqpolymerase. In
total, about 15 PCR products from a single taxon were
sequenced. Identical sequences were obtained from the same
taxon regardless of its geographical origin (data not shown).
The sequenced DNAs were deposited in the GenBank with an
accession number (Table 1).

Phylogenetic Analyses by DNA Sequences of 5S rRNA
Spacer, ITS, and 18S rRNA.By sequence alignment of 5S
rRNA spacer domain, the DNA sequence ofA. membranaceus
is 97.43 and 84.38% identical to that ofA. membranaceusvar.
mongholicusand A. propinquus, respectively, whileA. mem-
branaceushas only 71.37% identity toA. autrosibiricus, which
shows the least homology among all of the testedAstragalus
species. An unique DNA sequence could be found within the
testedAstragalus; these sequences could serve as markers in
the authentication of different species. The restriction mapping
of 5S rRNA spacer amongAstragalusspecies was compared,
which could provide a rapid distinction ofA. membranaceus
and A. membranaceusvar. mongholicusfrom other species.
Restriction enzymes such asTaq I, TspRI, andNheI could be
used here for the distinction ofA. membranaceusand A.
membranaceusvar. mongholicusfrom others (Figure 2).

Figure 3 shows the phylogenetic tree obtained by comparing
the sequence identities of 5S rRNA spacers in different
Astragalustaxa by UPGMA method. Two distinct clades are
resolved. The first includesA. membranaceus, A. membranaceus
var.mongholicus, A. propinquus, A. lepsensis, andA. aksuensis
(hereinafter referred to as the “A. membranaceusclade”), while
the second comprisesA. hoantchy,A. hoantchysubsp. dshi-
mensis,A. lehmannianus, A. sieVersianus, andA. austrosibiricus
(hereinafter referred to as the “A. hoantchyclade”). In A.
membranaceusclade,A. membranaceusandA. membranaceus
var. mongholicusare the most closely related pair of taxa.A.
propinquushas a closer relationship to this pair thanA. lepsensis
andA. aksuensis. The members ofA. membranaceusclade are
in the same subgenus section (Subgen.MonadalphiaChengf.
exP. C. Li & C. C. Ni; Sect.CenantrumKoch.) as determined
by Fu (5). In A. hoantchyclade, the relationship betweenA.

Figure 1. PCR of 5S rRNA spacer, ITS, and 18S rRNA from different
Astragalus taxa. (A) Basic organizations of the repeating units in 5S rRNA
spacer, ITS, and 18S rRNA gene clusters in higher plants. The coding
regions (shaded) and primers flanking the regions are shown. (B) The
PCR products were separated in a 1.2% agarose gel. Agarose gel
electrophoresis of 5S rRNA spacer, ITS, and 18S rRNA. PCR products
(∼1 µg) were generated by primers flanking 5S rRNA spacer (5S-1 and
5S-2), ITS (ITS-1 and ITS-2), and 18S rRNA (18S-1 and 18S-2). Sizes
of the PCR products are indicated by arrowheads. By using DNA templates
from various sources of each species, the same size of PCR product
was obtained from 15 tested samples (N ) 15). DNA markers in kb are
indicated. Negative control contained no genomic DNA.

Figure 2. Restriction enzyme mapping of 5S rRNA spacers. The DNA
sequences of 5S rRNA spacers from 10 taxa of Astragalus as shown in
Table 1 were compared. Restriction enzyme mapping of 5S rRNA spacers
from various Astragalus. Apo I, Dpn I, Nhe I, Taq I, and TspR I are shown.
Arrows indicate the restriction sites. Only the distinct sites are shown.
Bar is 50 bp.
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hoantchyandA. hoantchysubsp. dshimensisis closer than for
any other pairs of taxa.

The respective lengths of the ITS regions among the different
Astragalustaxa are presented inTable 1. In comparison to the
5S rRNA spacer, the ITS sequences ofAstragalusare highly
conserved.A. membranaceusis 100 and 99.19% identical toA.
membranaceusvar. mongholicusandA. propinquus. The lowest
homology (93.38%) is betweenA. membranaceusand A.
austrosibiricus. In the phylogenetic tree (Figure 3), the 10 taxa
were divided into three clades.A. austrosibiricusstands alone
in a single clade, suggesting that it is most distantly related to
the remaining taxa.A. membranaceus,A. membranaceusvar.
mongholicus,A. propinquus, A. lepsensis, andA. aksuensisare
in the same clade, which contains the same taxa as theA.
membranaceusclade in the 5S rRNA spacer analysis.A.
hoantchy, A. hoantchysubsp. dshimensis, A. lehmannianus, and
A. sieVersianusare in the same clade, withA. hoantchyandA.
hoantchysubsp. dshimensisshowing the closest relationship
among these taxa, which is similar to theA. hoantchyclade in
5S rRNA spacer except not includingA. austrosibiricus.

The analysis of 18S rRNA was also determined. The
respective lengths of the 18S rRNA coding region in different
species are presented inTable 1. In the sequence alignment,A.
membranaceusdiffers fromA. membranaceusvar.mongholicus
andA. propinquusby just 1 and 3 bp, respectively. Even the
most distantly related taxon,A. austrosibiricus, differs fromA.
membranceusby only 15 bp (99.13% identity). Again, three

clades were resolved in the 18S rRNA phylogenetic tree, which
is very similar to the phylogenetic tree derived from ITS (Figure
3).

The aforementioned DNA sequences were also analyzed by
PAUP that resulted in parsimonious trees, except that the 18S
rRNA that was too close among all testedAstragalusspecies
to be analyzed.Table 2 presents several descriptive statistics
of the sequences and the results of the parsimony analyses. The
strict consensus tree for the 5S rRNA spacer sequence is shown
as that inFigure 3. As in the preliminary analyses, two main
clades can be distinguished.A. membranaceusand A. mem-
branaceusvar.mongholicusare closely related toA. propinquus,
A. lepsensis, andA. aksuensisas the “A. membranaceusclade”,
whereas A. hoantchy, A. hoantchy subsp. dshimensis, A.
lehmannianus, and A. sieVersianusform a clade as the “A.
hoantchyclade”. The neighbor-joining analysis produced an
almost identical tree, as did the maximum likelihood analysis.
The corresponding analyses of the ITS sequences revealed the
same clades, although there were more unresolved polytomies
in the A. hoantchyclade (Figure 3).

DISCUSSION

Our results support the interpretation of Hsiao (6) that A.
mongholicusis a variety ofA. membranaceus, andA. propinquus
is closely related with these taxa. The analysis of the 5S rRNA
spacer sequences shows that these sequences can be used to
reliably distinguish between the 10Astragalustaxa examined.
We suggest that future taxonomic treatments of the genus
Astragaluscould benefit from the consideration of the molecular
analyses of the 5S rRNA spacer, ITS, and 18S rRNA DNA
sequences. Finally, we note that geographical variation among
closely relatedAstragalus taxa may contribute to inter- and
intraspecific variation in the DNA sequences examined, despite
high levels of overall homology in these sequences.

Comparison of Relationships among Astragalus Taxa
Inferred from DNA Sequences.The results of the analyses of
5S rRNA spacer, ITS, and 18S rRNA are remarkably similar
by both methods of determination, suggesting that the patterns
observed inFigure 3 accurately reflect the phylogenetic
relationships of the 10Astragalustaxa examined. In particular,
they support the interpretation of Hsiao (6), thatA. mongholicus
should be reduced as a variety ofA. membranaceus. On the
basis of the morphologically analysis,A. membranaceusdiffers
to A. mongholicusin their ovary and pod as well as the shape
and number of their leaves. However, Hsaio analyzed 115
specimens of Radix Astragali from 48 different habitats in China
and proposed to reduceA. mongholicusas a variety ofA.
membranaceus. Hsaio’s interpretation was supported by several

Figure 3. Phylogenetic trees of the Astragalus species including A.
membranaceus, A. membranaceus var. mongholicus, A. propinquus, A.
lepsensis, A. aksuensis, A. hoantchy, A. hoantchy subsp. dshimensis, A.
lehmannianus, A. sieversianus, and A. austrosibiricus were constructed
by UPGMA method in 5S rRNA spacer, ITS, and 18S rRNA. The distance
corresponding to sequence divergence is indicated by the bar. The
maximum parsimony analyses (PAUP) showed similar results in the DNA
sequences of 5S rRNA spacer, ITS, and 18S rRNA.

Table 2. Descriptive Statistics for the Parsimony Analyses of the 5S
rRNA Spacer and ITS Sequencesa

statistic 5S rRNA spacer ITS

no. of bases 215−237 611−619
total no. of characters 246 620
no. of constant characters 124 555
no. of parsimony uninformative characters 61 45
no. of parsimony informative sites 61 20
no. of MPTs 176 30
tree length of MPT (steps) 175 75
ci 0.840 0.947
ri 0.823 0.909
rc 0.691 0.861

a Parsimony analyses were performed using heuristic searches, using the
bootstrap method in PAUP. Sequence divergence values were computed using
the Kimura two parameter method (23).
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observations: (i) the habitats ofA. membranaceusand A.
mongholicusare too close to be considered for two independent
taxa; (ii) they share a close similarity in sexual organs, root
morphology, and their root vascularization; (iii) the morphology
of A. mongholicuscould be changed toA. membranaceus-like
when the habitat has changed.

On the basis of the phylogenetic analysis,A propinquus
appears to be closely related to these taxa, as doA. lepsensis
and A. aksuensis. The main clades as determined by two
clustering analyses, exceptA. austrosibiricus, are rather distinc-
tive; therefore, it is well-supported that the species within the
same clade are closely related. Of the remaining taxa, the
analyses support the interpretation thatA. dshimensisis best
considered as a subspecies ofA. hoantchy. The sequences of
these taxa differ more than those ofA. membranaceusandA.
membranaceusvar.mongholicusbut considerably less than any
other pairs examined here.A. austrosibiricusappears to be
relatively distantly related to the other nine taxa and is placed
as an out group inFigure 3.

Although our results support the taxonomic interpretations
of Hsiao (6), Fu’s (5) keys toAstragalusspecies in China are
based largely on flower and leaf structure, characteristics that
may be of little use in detecting adulterants, as it is the roots
and stems ofA. membranaceusand A. membranaceusvar.
mongholicusthat are used in Radix Astragali. Of the taxa
examined,A. propinquus,A. lepsensis, andA. aksuensiswould
appear to be the most difficult to distinguish fromA. mem-
branaceus, but variations in the 5S rRNA spacer sequences
provide a reliable tool for overcoming this problem.

In higher eukaryotes, the 5S rRNA gene is separated by
simple spacers and occurs as a tandem repeated unit (cistron)
consisting of a∼120 bp coding region separated by a few
hundred base pairs of spacer domains (26). Although 5S rRNA
is highly conserved, the spacer is highly variable in different
species (14, 15). Therefore, the diversity of the spacer is very
useful in the identification of traditional Chinese medicinal
plants (13,16, 19). In addition, DNA sequences from ITS and
18S rRNA could also be used for species distinction (15, 27).
Corresponding to 18S, 5.8S, and 28S rRNAs, each transcription
unit consists of highly conserved coding sequences in higher
plants. ITS between 18S and 5.8S (ITS1) and between 5.8S
and 28S (ITS2) are highly variable among closely related species
and have been demonstrated to be phylogenetically informative
(17). In angiosperm family Fabaceae, phylogenetic analysis
based on ITS has been determined extensively (28, 29). In
addition, the maximum parsimony and neighbor-joining analyses
of ITS DNA sequences from 115 species ofAstragalushave
been determined (4), whereA. membranaceuswas also included
in the matrix analysis; however, otherAstragalus species
commonly found in China were not included in their analysis.
Our DNA sequence analysis suggests that the ITS (ITS1, 5.8S,
and ITS2) and 18S rRNA coding regions are more conserved
than that of the 5S rRNA spacer; therefore, the 5S rRNA spacer
can provide more accurate phylogenetic information than ITS
and 18S rRNA in the molecular identification ofAstragalus
species.

Biogeographical Distribution of Astragalus in China.
Figure 4 illustrates the geographical distributions of the 10
Astragalustaxa in China and the former USSR (12). The ranges
of A. membranaceusandA. membranaceusvar. mongholicus
largely overlap in northeastern China, thereby reducing the
likelihood of adaptive radiation due to physical isolation.
However,A. propinquusis confined to northwestern China, is
rarely sympatric withA. membranaceusvar. mongholicus, and
is never sympatric withA. membranaceus. Accordingly, the
effects of physical isolation and differing environmental pres-

sures may have led to the significant variations in DNA
sequences betweenA. propinquusand A. membranaceus. A.
lepsensisandA. aksuensisare similarly confined to northwestern
China and adjacent parts of the former USSR.

Given this, the species ofAstragalusthat are most similar to
A. membranaceusare unlikely to be encountered in samples of
Radix Astragali, which have been collected from northeastern
China. If the point of origin of Radix Astragali samples can be
determined with certainty, the need to use DNA sequence
analyses to detect adulterants is greatly diminished, unless such
samples are known to be derived fromA. membranaceus
populations in northwestern China. In these cases (or when
reliable locality data is unavailable), comparative analyses of
DNA sequences may be the only means of determining the
authenticity of the product.

Of the remaining taxa, populations ofA. hoantchyand A.
hoantchysubsp.dshimensisare separated by substantial geo-
graphical barriers in China. A possible explanation for the
differences in DNA sequences between these taxa is thatA.
hoantchysubsp.dshimensisis evolving away fromA. hoantchy
under different selection pressures.A. lehmannianusand A.
sieVersianusare rare in China, being confined to a small region
in the northwest, whereasA. austrosibiricushas a patchy
distribution extending from the northwest to central northern
regions. Furthermore, 12 different species in China carry the
name of Radix Astragali on the market and act as adulterants;
they show a close resemblance of morphological appearances;
therefore, the quality control of Radix Astragali is a serious
problem. Our findings show that through the use of information
derived from geographical and DNA sequence analyses, the
purity of commercial samples Radix Astragali can be determined
accurately, expeditiously, and economically.

In a parallel study, chemical analyses were performed on 10
Astragalustaxa from 28 different geographical regions of China
(8, 20). Radix Astragali and its adulterants were tested, and
levels of the main constituents (such as isoflavonoids and
astragalosides) were determined by high-performance liquid
chromatography. The results showed that the amounts of main
constituents such as isoflavonoids and astragalosides varied in

Figure 4. Geographic distribution of 10 Astragalus taxa in China and the
former USSR (inset). The denotations of the different Astragalus taxa
are shown. The number of the denotation also indicates the relative
population density of the growth distribution.
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different species. In distinction,A. membranaceusand A.
membranaceusvar. mongolicuscontained higher amount of
astragalosides I and IV. In addition, the main constituents ofA.
membranaceusvar.mongholicuschanged according to seasonal
variation and the age of the plant. Except forA. membranaceus
andA. membranaceusvar.mongholicus(which contained higher
content of isoflavonoids and astragalosides), the chemical
composition of the otherAstragalustaxa was very similar. In
addition, the chemical composition of Radix Astragali could
be varied greatly from their habitat, and Shanxi of China
produced the best quality of herbs in terms of the contents of
isoflavonoids and astragalosides (20). Thus, the analysis of
chemical composition could only be used to determine the
quality of Radix Astragali samples, rather than detecting
adulterants. Clearly, variations in the 5S rRNA spacer, ITS, and
18S rRNA DNA sequences provide more reliable information
for the latter purpose.
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