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Rhei Rhizoma (Dahuang in Chinese) is widely known as a purgative and antiinflammatory agent. In the Japanese
Pharmacopoeia, Rhei Rhizoma is prescribed for 4 Rheum species, Rheum palmatum, R. tanguticum, R. officinale, and
R. coreanum, while the first 3 species are prescribed for Dahuang in the Chinese Pharmacopoeia. Due to the morphol-
ogic similarity of the aerial parts, the taxonomy of this genus and the correct identification of Rheum species and their
derivative drugs are very difficult. To resolve taxonomic problems of the genus Rheum and develop an ultimate iden-
tification method for plants and drugs, molecular analysis of the chloroplast marK gene and nuclear 18S ribosomal
RNA gene were performed on 9 species. The sequence comparison of the marK gene revealed that most species had
variable sequences not only inter- but also intraspecies. However, the specimens of the same species belonged to the
same subclade in the phylogenetic tree constructed based on marK gene sequences, except for R. palmatum, in which
specimens belonged to 3 subclades related to their production areas. The nucleotide differences at positions 587, 707,
and 838 distinguished official species from others, while specific nucleotides at positions 367 and 937 became identifica-
tion markers for R. palmatum, R. tanguticum, and R. officinale. Moreover, three groups of R. palmatum, each belonging
to 3 subclades, were characterized by the nucleotides at positions 619, 769, 883, and 1061. On the basis of the above
marker nucleotides, a convenient and efficient identification method employing Polymerase Chain Reaction -
Restriction Fragment Length Polymorphism and Amplification Refractory Mutation System analyses was further de-
veloped. The procedure enabled us to identify the botanic origins of 22 drug samples of Rhei Rhizoma. The matK gene
sequence was valuable in identifying Rheum species and Rhei Rhizoma and in predicting their production areas, and

could be used as an index for quality evaluation of Rhei Rhizoma.

1. Introduction

Rhei Rhizoma, called "Dahuang” in Chinese, was first
described in the medical classic, "Shen Nong Ben Cao Jing"
in China, classified as low-level herbal drugs with some tox-
icity, but specific therapeutic effect.” Since this era, Rhei
Rhizoma has been widely used for the treatment of consti-
pation and "Oketsu" (various syndromes caused by the ob-
struction of blood circulation such as dysmenorrhea, efc.) in
traditional Chinese formulations and over-the-counter
drugs>® In the Chinese Pharmacopoeia,” the official
Dahuang is prescribed to be the dried rhizome and root of
Rheum palmatum L., R. tanguticum Maxim. ex Balf., and R.
officinale Baillon of the family Polygonaceae. On the other
hand, the Japanese Pharmacopoeia® prescribes not only the
above 3 species but also R. coreanum Nakai, and their
interspecific hybrids as the botanical origins of Rhei
Rhizoma. Rhei Rhizoma is mainly produced in high altitude
areas of China, especially in Qinghai, Sichuan and Gansu
Provinces, and is available in the Japanese market under
various commercial names such as "Gao (Ya-huang in
Chinese)," "Kinmondaio (Jinwen-dahuang)," "Hakoo (Xiang-
huang)," and "Rokuseikitsu (Liu-cheng-ji)" according to
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their geographical sources, morphological features, packing
methods, quality grades, efc.®” Recently, a deterioration in
the quality of commercial Rhei Rhizoma has been pointed
out by Japanese Kampo doctors, in fact, our preliminary ex-
periment suggested that some Dahuang from Gansu
Province contained less sennoside A than that indicated in
the Japanese Pharmacopoeia. Quality as Dahuang is related
to various elements such as original plant, production area,
environmental conditions and processing method. Since
Rheum plants are self-incompatible in nature® and have
been hybridized at random since ancient times, morphologi-
cally intermediate forms (in the shape of the leaf blade,
color of flowers, efc.) are frequently present. This situation
made the taxonomic identification of Rheum plants very dif-
ficult. Accordingly, Dahuang derived from Rheum species is
more difficult to be correctly identified and its quality has
varied depending on differences in markets and production
areas. Moreover, the underground parts of R. franzenbachii
Miint., R. rhaponticum L., R. undulatum L., and R. spicifome
Royle are sometimes confused with official Dahuang.
Namba et al. performed histological studies to identify
Dahuang by comparing the microscopic characteristics of
rhizomes of the above Rheum species, and resulted in
Dahuang being identifiable by the line number of ray and
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presence or absence of mucilage cavities and their arrange-
ment manner in secondary phloem, amount of vessels and
presence or absence of fibers in xylem, presence or absence
of star-spots (abnormal vascular bundles) and their shape
and diameter in pith, and amount of mucilage cavities in the
star-spots.*) However, there has been some obscure points
on histological variations depending on the difference of
growing stage and production areas. As generally known,
genotype rather than phenotype influenced neither by the
physiologic stage of the plant nor by environmental condi-
tions. Recently, DNA-based polymorphic assay were found
to provide valuable information for assisting resolution of
taxonomic problems.!®'" Yang et al. described the nucleo-
tide sequences of the chloroplast rnL/trnF gene region of
13 Rheum species to discriminate R. palmatum, R.
tanguticum, and R. officinale from adulterated species.'?
However, their phylogenetic relationship and the identifica-
tion markers for each species have not been clarified. The
chloroplast matK gene sequence has been widely employed
as a powerful tool in examining inter- and intragenus
phylogeny due to its high substitution rate.”'¥ The marK
gene is an open reading frame located in the intron region of
chloroplast #nK gene encoded tRNALysUUU.S) As the
chloroplast DNA shows maternal inheritance,'® the infor-
mation of nuclear DNA which is biparently inherited is nec-
essary. The 18S ribosomal RNA gene, the small-subunit
sequences of ribosomal RNA, is known to give essential in-
formation for constructing a phylogenetic relationship.'”
Accordingly, the determination of marK gene and 18S
rRNA gene sequences is thought to be suitable for
phylogenetic analysis of Rheum species and authentication
of Rhei Rhizoma.

For systematically pharmacognostic study, a wide col-
lection of comparative plants, observation on morphology of
plants and informative collection of medicinal uses in grow-
ing or producing areas are the primary steps for the subse-
quently laboratory research. Moreover, multiple samples of
the same species from different localities are necessary to
confirm intraspecies stability. In this review, field investiga-
tion of Rheum species growing in Qinghai and Sichuan
Provinces was introduced, including morphological obser-
vation and information of their medicinal uses and quality.
Subsequently, genetic polymorphism of Rheum specics, es-
pecially R. palmatum, R. tanguticum, and R. officinale used
as the official Dahuang in China and their phylogenetic rela-
tionship are elucidated. Using the sequence result, a correct
identification of Rhei Rhizoma was performed. Moreover, a
convenient and efficient method of identification for Rhei
Rhizoma employing polymerase chain reaction - restriction
fragment length polymorphism (PCR-RFLP)"*' and ampli-
fication refractory mutation system (ARMS)'®?” analyses
was developed.

I1. Field investigation
1. Morphological characteristics of three Rheum species

officially used as Rhei Rhizoma (Table 1)
Rheum palmatum: The specimens collected from Banma

County, Qinghai Province were growing in the field at 3410
m alt. Their radical leaves were very large, often 70 cm in
diameter, with semi-terete petiole. The leaf blades were
ovate or roundish in shape, conspicuously palmatipartite,
acute at the apex, cordate at the base, 5-veined with a promi-
nent midrib, and with laciniate lobelets. Both sides of leaf
blades were hairy. The inflorescence was compact bearing
elongated leafy panicles that were crowded with yellowish-
white flowers. The underground parts consisted of a strong
vertical rhizome, irregular in shape, with fleshy, spreading
roots; externally it was brown to grayish brown, internally
yellow in color with a lot of mucilage oozing from the
wound when freshly cut. The star-spots were arranged into
1-2 concentric rings (annulated network) in the outermost
part of pith in the cross-section. The cross-section was, to
some extent, coarse in texture. Specimens collected from
Sichuan Province showed various morphological character-
istics according to their geographical distributions. Those
from the central to southern part of Sichuan such as
Shimian, Kangding and Daofu differed from that of the
Qinghai Province chiefly in that their leaf blades were
palmatifid with triangular lobelets. The underground parts
showed a deep-yellow color in cross-section. Specimens
from the northwestern part of Sichuan such as Yulong
closely resembled to those of the Qinghai Province except
that their underground parts possessed less mucilage.
Specimens cultivated in Dali, Yunnan Province had
palmatifid leaf blade and divaricate in florescence with red
flowers. In the specimens from Li, Tanchang and Min
Counties, Gansu Province, the leaf blades were slightly or
moderately palmate with platylobate or triangular lobelets,
and glabrous or sparse on the upper side of leaf blades; the
inflorescence was divaricate with red flowers; and mucilage
was invisible or sparse in the cross-sections of underground
parts. However, specimens collected from Zhouqu were
similar to those from Qinghai Province except for the red
colored flowers and triangular shaped lobelets.

R. tanguticum: Specimens growing wild in Qinghai
Province at 3100-3650 m alt. had palmatipartite leaf blades.
They could be distinguished from R. palmatum from the
southeastern part of Qinghai Province by their lanceolate
lobelets, red flowers and the margin paralleling to the mid-
rib. Moreover, the cross-sections of R. tanguticum were
compact in texture and exhibited a marbled network of ab-
normal vascular bundles.

R. officinale: Wild specimens were collected in Wanyuan
County, eastern part of Sichuan Province at 1410 m alt.
Their leaf blades were glabrous in upper side, hirtellous in
lower side, and their margin was coarsely dentate or lobed.
Flowers were yellow or yellowish-white.

2. Medicinal uses in local Tibetan people

The Rhizome of Rheum species (R tanguticum or R.
palmatum) is cold in property and used for the treatment of
inflammatory diseases with hot property, diarrhea, indiges-
tion, food poisoning, constipation and obstruction of blood
circulation. Tibetan doctors frequently use one formulation
called Rokumishosekisan (Liuwei-xiaoji-san in Chinese,
Zhi-byed 6 in Tibetan) including Rhei Rhizoma, Kieserite,
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Chebulae Fructus, etc. for the treatment of stomach pain,
constipation, indigestion and abdominal pain after child-
birth. Tibetan doctors in Xining and pharmacists of pharma-
ceutical companies in Huangnan and Dulan Counties,
Qinghai Province told the rhizome of Rheum species with
red flowers (R. tanguticum) had good quality. On the other
hand, according to the information of the pharmacists in
Ganzi County, Sichuan Province, Dahuang producing in a
boundary area between Sichuan and Qinghai Provinces (rhi-
zome of R. palmatum) was best in quality, and from
Wanyuan Conty, Sichuan Province, Dahuang in Wanyuan
production (rhizome of R. officinale) was the real one used
by the Chinese since ancient times.

II1. Authentication of Rhei Rhizoma using molecu-
lar analysis

1. Genetic polymorphism of Rheum species
matK gene and 18S rRNA gene sequences

Partial marK gene sequences of 56 plant specimens be-
longing to 7 Rheum species of 4 sections,’ ie. R
palmatum, R. tanguticum, R. officinale, and R. coreanum™
of section Palmata, R. franzenbachii, R. rhaponticum, and R.
undulatum of section Rhapontica, R. kialense Franch. of
section Acuminata, and R. przewalskyi A. Los. of section
Spiciformia were determined (Table 2, Fig. 1). Moreover,
trnK gene sequences of 20 specimens of the first 5 species
were also determined. The aligned #nK gene sequence of R.
palmatum, a 5'-exon 37 bp in length, was found between
positions 2 and 38, the 3'-exon (partial) between positions
2537 and 2546, and the matK gene region was defined be-
tween positions 742 and 2259.% Partial marK gene, which
was easily amplified by PCR with the universal primers,*”
was defined between positions 796 and 2060. The complete
or partial mafK gene was found to be 1518 bp or 1265 bp in
length in 20 specimens of 5 Rheum species and showed se-
quence variation not only interspecies but also intraspecies.
A total of 28 sites of nucleotide substitutions were observed
in complete marK gene region, of which 25 sites were in-
cluded in partial 1265 bp region (Table 3). Therefore, the
sequence comparison of all 56 samples of 9 Rheum species
was performed on partial marK gene region. The partial mat
K gene of R. kialense and R. przewalskyi was found to be
1271 bp in length due to a 6-bp insertion, and that of the
remnants was to be 1265 bp. A total of 51 sites of nucleo-
tide substitutions were observed. Intraspecies sequence
variation was found at 16 sites of nucleotide substitutions in
R. palmatum, 2 sites in R. tanguticum, and 3 sites in R.
officinale. However, common sequences within the same
species were found at positions 367 and 937 (the nucleotide
positions indicate the aligned position, starting from the 5'
end of the matK gene) in R. palmatum (possessing cytosine
and cytosine), R. tanguticum (thymine and thymine), and R.
officinale (cytosine and thymine), respectively. R. coreanum
had a similar sequence to those of R. officinale. Although 23
sites of substitutions were observed in 4 species of the sec-
tion Palmata, common sequences within these species ex-
isted at positions 587, 707, and 838. Based on the nucleotide

differences at these positions, five other species belonging
to different sections were separated from section Palmata
species. The 37 specimens of R. palmatum, which varied in
sequence, could be divided into groups, I, II, and III on the
basis of nucleotide substitutions at positions 619, 769, 883,
and 1061. The result of phylogenetic analysis revealed that
each specimen of the 3 groups belonged to 3 subclades, Rpl,
Rpll, and Rplll, respectively (Fig. 2). Group III was sepa-
rated from groups [ and II by the nucleotide differences at
positions 883 and 1061, and group I and II were distin-
guished from each other by the nucleotides at positions 619
and 769.

The entire 18S rRNA gene sequences of 9 Rheum species
were found to be 1811 bp in length. Eight sites of nucleotide
substitutions were observed at positions 234, 283, 650, 671,
821, 1410, 1717, and 1731, and two indels at positions 669
and 676. There were no intraspecies substitutions and fur-
thermore, no interspecies substitutions in the same section.
R. palmatum, R. tanguticum, R. officinale, and R. coreanum
of section Palmata were distinguished from the other species
of different sections based on the nucleotide difference at
position 234.

Phylogenetic analysis of Rheum species

The phylogenetic tree constructed on the basis of partial
marK gene sequences of 56 specimens of 9 Rheum species
using unweighted pair group method with arithmetic mean
(UPGMA method) with Fagopyrum tataricum (L.) Gaertn.
of the family Polygonaceae as an outgroup showed that R.
kialense, and subsequently R. przewalskyi was located at the
basal position (Fig. 2: left). The other species were grouped
into 2 clades. R. rhaponticum, R. franzenbachii, and R.
undulatum of section Rhapontica formed one clade, whereas
R. officinale, R. coreanum, R. tanguticum, and R. palmatum
of section Palmata formed another clade. The latter large
clade was divided into 2 clades, and then each clade into 2
subclades. The specimens of R. palmatum formed 3
subclades, RPI, RPII, and RPIII according to their distribu-
tion areas. Specimens from the southeastern part of Qinghai
Province to the northwestern part of Sichuan Province were
classified in subclade RPI, and those from the central to
southern part of Sichuan were in subclade RPIIL. Nearly
70% of specimens collected from Gansu Province were in
RPII. However, some of the cultivated specimens obtained
from Li, Tanchang, and Min in Gansu were in subclade
RPIII and others under RPII, although both were growing in
the same or neighboring field. In those from Dali in
Yunnan, specimens with a cultivation history of more than
100 years were in subclade RPIII, while recently cultivated
ones were classified in RPII. Specimens cultivated in
Shimian in Sichuan belonged to all subclades, Rpl, RPII,
and RPIIL. Such confusion was presumed to be a result of
seed transportation and artificial fertilization for the purpose
of propagation. However, in the case of wild plants, speci-
mens from the northwestern part of Sichuan belonged to
subclade RPI, those from the central part of Sichuan to
RPIII, and those from Gansu to RPIL. The specimens of R.
officinale and R. coreanum, together with those of R.
tanguticum formed one subclade, which had a closer
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relationship with the subclade RPI of R. palmatum. The
strict consensus tree of the 6 most parsimonious trees (Fig.
2: right) showed similar topology to the tree yielded by the
UPGMA method. Clade ROC/RT, subclade RPI, and
subclade RPIII were supported by bootstrap values of 63%,
50%, and 61%, respectively. Subclade RPII was defined in
the tree using the UPGMA method, but was not in the tree
using the maximum parsimony method. The phylogenetic
trees constructed using complete marK gene sequences of
20 specimens of 5 Rheum species revealed similar topology
to the trees constructed using the partial mafK gene se-
quences, except position of subclade RPI of R. palmatum
belonging to the same clade as subclades RPII and RPIIL>

2. PCR-RFLP and ARMS analyses of Rheum species
The result of sequence comparison of the matK gene re-
vealed that the key nucleotides for identifying section
Palmata, including official species, existed at positions 587,
707, and 838, and the marker nucleotides for identifying 3
official species such as R. palmatum, R. tanguticum and R.
officinale were at 367 and 937, while those for distinguish-

Official Rheum species

22 Suppl.1 2005)

ing the 3 intraspecies groups of R. palmatum were at 619,
769, 883, and 1061. Based on the above marker nucleotides,
PCR-RFLP and ARMS analyses were designed.” We found
restriction enzyme sites detecting 3 marker nucleotides, one
at position 587 which is useful for identifying section
Palmata, and another two at positions 769 and 1061 for dis-
tinguishing the 3 groups of R. palmatum (Fig. 3). On the
other hand, for the purpose of identification of R. palmatum,
R. tanguticum and R. officinale, ARMS analysis using 3 sets
of designed primers was performed.
Determination of Rheum species officially used as Rhei
Rhizoma using PCR-RFLP analysis

The partial marK gene region was amplified via PCR
using a template DNA and a pair of primers, matK191F and
matK8R (Table 4). The PCR products of 6 Rheum species
were of 1129 bp in length, except for those of R.
przewalskyi and R. kialense of 1135 bp. The restriction en-
zyme Bgl Il was found to give diagnostic fragments among
the 8 species. The matK gene of 5 species, excluding the 3
official species, had a Bg/ I1 restriction site at the nucleotide
position 586-591 (Fig. 4A). The PCR products of these 5

() ;% matK367CR I % matK937CR
Rheum palmatum| (I1) * * G *
(am  * * G(m) * T
R. tanguticum T * G I *
A matk367TR A matK937TR
. H H
R. officinale * ® G T *
Unofficial Rheum speciesl/’ic ';Srl’,/r’{i‘/’/j
367 587 769 937 1061
‘ : matK gene
matKAF matkaezcr B9/l Dral Nsil matK8R
matK191F q atk937CR
matk3e7TR TtK646F {matK937TR
trnK1544R
- 202 bp —
ARMS [ | 770 bp ;
b———— Region 1: 612 bp ——
b——————— Region 2: 674 bp ——
PCR-RFLP

b

——————— 1129 or 1135 bp ———E———————
1265 or 1271 bp 41

Fig. 3 Positions of Marker Nucleotides, PCR Primers for PCR-RFLP and ARMS Analyses, and Restriction Enzyme Sites on matK Gene

Marker nucleotides used in this study are indicated by numerals in italics above the diagram; nucleotide substitutions with shadows at positions 587,
769 and 1061 were applied to PCR-RFLP analysis, and those at positions 367 and 937 to ARMS analysis. PCR primers for PCR-RFLP analysis arc
indicated by broad half-arrows, and those for ARMS analysis by dotted broad half-arrows, mapped below the diagram. The lengths of the resulting PCR
products are shown at the bottom. For PCR-RFLP analysis, PCR products of 1129 bp (or 1135 bp) obtained from PCR or semi-nested PCR methods
were used. The PCR product of 1265 bp was used as a template in semi-nested PCR for drug samples. The PCR products of regions 1 and 2 were used
for PCR-RFLP analysis of one drug sample (D21). Important restriction enzyme sites of Bgl 11, Nsi I and Dra 1 used for identifying section Palmata
and the distinction of three group of R. palmatum are indicated by sharp arrows.
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Table 4 Sequences of PCR primers for PCR-RFLP and ARMS analyses

Primer Sequence (5" to 3') Length : Application

PCR Semi-nested | ARMS | PCR (drug D21)

(bp) (plants) | PCR (drugs) (Regions 1. 2)

matKAF CTA TAT CCA CTT ATC TTT CAG GAG T 25 Step I-F
matK191F TAG TTA TTC GAA TGT ATC AAC AG 23 F (Step2-F (F Region 1-F
matK367CR GAT CGT AAA TTT TGA TAT TTT TTG AG 26 R1
matK367TR GAT CGT AAA TTT TGA TAT TTT TTG AA 26 R1’
matK646F TCC TAC GTG TGT GAA TGC G 19 Region 2-F
trnK 1544R GGA TAA CCC CAG AAT GCT TAG 21 Region I-R
matK937CR  ATA TAG ATT CTT TGC AAC CAG AG 23 R2
matK937TR  GAT ATA GAT TCT TTG CAA CCA GAA 24 R2
matK8R AAA GTT CTA GCA CAA GAA AGT CGA 24 R R Region 2-R

F. forward primer: R. reverse primer. R1 and 1" indicate two kinds of reverse primers designed on the basis of nucleotide difference at position 367.

whercas R2 and 2" arc on the basis of nucleotide diffcrence at position 937. Nucleotides with underlines indicate destabilizing mismatches.

A Bgl Il
Official 3 Rheum species 100 bp% ............................ 1029 hp oo >
—AGATCT AAATCT
Byl I Bgl I
Unofficial 5 Rheum species 100 bp | [<-— 296 bp - >Q; ----- 733 (or 739) bp ~>
—AGATCT AGATCT
587
Section
Palmata

g =  Spiciformia

S £ £ <& Acuminata

SE 3S8g

EBO.U‘“:(’)/

B, 388285 ¢¢ B,

QA5£ 0832 Rhei Rhizoma

ED2L 838y - —
3Nt:E=E-§

2= oRwe 3 ax e e 2?0l o

P T T RS R S - - R

M XXX xoe v Moooooooooooao M

Fig. 4 PCR-RFLP Analysis Using the Restriction Enzyme Bg/ 1l on Partial marK Gene
A, Bgl 1l restriction sites in three official Rheum species and five other species; nucleotides with shadows indicate the defined identification marker
at position 587. B, agarose gel electrophoretograms of PCR products digested with Bg/ II; 1, eight Rheum species; 2, drug samples of Rhei Rhizoma;
code numbers of drug samples are shown. Lane M, 1kb DNA ladder; M', pBR 322DNA-Msp 1 digestion.
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species digested with Bg/ II showed 3 fragments of 100, 296
and 733 or 739 bp, while in the 3 official species the prod-
ucts showed 2 fragments of 100 and 1029 bp in
electrophoretogram (Fig. 4B)).
Identification of 3 Rheum Species using ARMS Analysis

On the basis of the nucleotide substitutions at positions
367 and 937 among the 3 official species, at each position
2 kinds of reverse primers, matK367CR and matK367TR,
and matK937CR and matK937TR with complementary 3'-
terminal nucleotide were designed (Table 4, Fig. 3).29 Upon
PCR amplification using 3 sets of primers (A, B and C),
each consisting of 2 kinds of reverse primers and one for-
ward primer, matK191F (Fig. 5), and template DNA from
each species, one or two fragments of 202 bp and/or 770 bp
in length or no fragments were observed in the
electrophoretogram. When the primer set A was used, one
fragment of 202 bp was observed in R. palmatum, one frag-
ment of 770 bp in R. tanguticum, and both fragments in R.
officinale (Fig. 5A1). When the primer set B was used, two
fragments of 202 and 770 bp were observed in R. palmatum,
one fragment of 202 bp in R. officinale, and no fragments in
R. tanguticum (Fig. 5A,). When primer set C was used, two
fragments were observed in R. fanguticum, one fragment of
770 bp in R. officinale, and no fragments in R. palmatum
(Fig. 5As). By observing 3 kinds of fragment profiles, the 3
official species were authenticated.
Distinction of the 3 groups of Rheum palmatum

The PCR products of R. palmatum amplified using a pair

A

Rheum palmatum

R. tanguticum
R. officinale

©
F
frer]
c
o}
o

matK191F
Primer set A [matK367CR
matK937TR

matK191F
Primer set B [matK367CR
matK937CR

matK191F

Primer set C [matK367TR
matK937TR

Fig. 5 ARMS Analysis Using Three Sets of Primers on Partial marK Gene

of primers, matK191F and matK8R were of 1129 bp in
length. The restriction enzymes Nsi I and Dra I were found
to give diagnostic fragments among the 3 groups of R.
palmatum (1, 11 and III). The marK gene of groups I and I
had a Nsi I restriction site at the nucleotide position 1058-
1063; moreover, that of group I had a Dra I restriction site
at the position 768-773 (Fig. 6A, 6C). The PCR products of
groups I and II digested with Nsi I showed two fragments of
263 and 866 bp, whereas that of group Il showed one frag-
ment of 1129 bp (Fig. 6B1). On the other hand, the digestion
of the PCR products with Dra I resulted in the formation of
three fragments of 247, 333 and 549 bp in group I, and two
fragments of 247 and 882 bp in group II (Fig. 6D)).

3. Application for identification of Rhei Rhizoma

By comparing the sequences of 18 drug samples of
Dahuang purchased from Chinese markets near the fields of
Rheum species and Japanese market with the species-
specific sequences of Rheum species, their botanic origins
and genotypes were determined (Table 5, Fig. 2). Moreover,
twenty-two drug samples including above samples were
analyzed by using PCR-RFLP and ARMS methods. A semi-
nested PCR method was applied using a pair of primers,
matKAF and matK8R in the first PCR, and matK191F and
matK8R in the second PCR amplifications (Table 4). The
PCR products of 1129 bp in length were obtained except for
one sample (D21) with no product. The digestion of the
products with the restriction enzyme Bg/ 11 resulted in the

B

Rhei Rhizoma

5 - —
c <t WO NO® o - N
O rrrrredDONOOAN N
OaNalalaNaNaNaNaNaYaNaNalWall\ ]

PCR amplification with primer sets A, B and C was carried out using the DNA of each material as a template. A, three official Rheum species; B, drug
samples of Rhei Rhizoma derived from official species; code numbers of drug samples are shown. 1, 2 and 3, fragment patterns when primer scts A,
B and C werc used, respectively. Control, blank without DNA templates; Lane M, 1kb DNA ladder.
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Nsi |
F D R 866 bp ............................. 263 bp
ATGCAT e
Nsi |
Rheum palmatum R — LTl )« T — >ﬂr 263 bp
ATGCAT sm—
< 1129 DP o>
\ ATGTAT smumn
1061
B1 _ 82 _ Rhei Rhizoma
© R. palmatum o — -
S [ B R
M o 1 11 mw M O oo oo oo W

C Dral Dral
247 bp 333 bp ................... 549 bp .......... >
— —TT T,
Rheum palmatum Dral
p 2 ¥ AT QT — A O R — >
769
- — Rhei Rhi
D1 © R. palmatum D2 2 ° |zom:
g ) ‘g‘ wn o0 0
M O I 1 ™ M OBoaaoadaw

Fig. 6 PCR-RFLP Analysis Using the Restriction Enzyme Nsi I or Dra | on Partial marK Gene

A. Nsi | restriction site in three groups of Rheum palmatum; nucleotides with shadows indicate the defined identification marker at position 1061. B,
agarosc gel clectrophoretograms of PCR products digested with Nsi I; 1, three groups of R. palmatum; 2, drug samples of Rhei Rhizoma; code numbers
of drug samples are shown. C, Dra I restriction sites in two groups of R. palmatum; nuclcotides with shadows indicate the identification marker at po-

sition 769. D, agarose gel electrophoretograms of PCR products digested with Dra 1; 1, two groups of R. palmatum; 2, drug samples of Rhei Rhizoma.
Lane M, 1kb DNA ladder; M', pBR 322DNA-Msp I digestion.
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formation of two fragments of 100 and 1029 bp (Fig. 4B>),
suggesting that the 21 samples were derived from official
Rheum species of section Palmata. In the ARMS method
using 3 sets of primers, six drug samples from Qinghai
Province showed the same fragment patterns as those of R.
tanguticum (Fig. 5), one sample from Wanyuan County,
Sichuan Province, as those of R. officinale, and the rem-
nants, as those of R. palmatum, respectively. As for the last
14 samples, their PCR products were digested with the re-
striction enzyme Nsi | or Dra 1. The PCR products of 5 drug
samples, mostly from Sichuan Province, digested with Nsi |
showed one fragment (Fig. 6B2), whereas those of the other
9 samples showed two fragments, which suggested that the
former had originated from group III and the latter from
groups [ or Il of R. palmatum, respectively. The digestion of
the PCR products of the latter samples with Dra 1 resulted
in the formation of three fragments in 2 samples from
Banma County, Qinghai Province and Ganzi County,
Sichuan Province (Fig. 6D:), and two fragments in 7 sam-
ples from mostly Gansu and Yunnan Provinces, suggesting
that the former had originated from group I and the latter
trom group Il of R. palmatum, respectively. In the case of
one sample (D21), the partial matK gene region was divided
into two regions, and PCR amplification of both regions
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using a pair of primers, matK191F and trmK1544R or
matK646F and matK8R (Fig. 3) was performed to give the
expected products of 612 and 674 bp, respectively. The
PCR product of region 1 digested with Bg/ Il showed two
fragments of 100 and 512 bp, which was the same as in the
3 official Rheum species (Fig. 7A). The result of ARMS
analysis suggested that this sample was derived from R.
palmatum (Fig. 5B). Then, the PCR product of region 2 was
digested with Nsi I or Dra 1. Two fragments of 263 and 411
bp and those of 125 and 549 bp were observed in the diges-
tion with Nsi [ and Dra [, respectively, which were the same
as in group I of R. palmatum (Fig. 7B, 7C).

The botanic origins of all 22 drug samples were identified
by using PCR-RFLP and ARMS methods. The results of 18
samples out of them were completely consistent with those
demonstrated in the sequence analysis, suggesting the accu-
racy of a new convenient identification method. Although
their botanic origins almost corresponded with those de-
duced from information about their production areas, two
drug samples, Mati-dahuang and Dahuang (D18 and D19)
from Wanyuan County, Sichuan Province and one sample,
Ya-huang from Japanese market were found to be group Il
and group | of R. palmatum, not as expected from R.
officinale and group Il of R. palmatum, respectively.’”

Rheum species

—
A, (Region 1) Bgl Il A, S Rhei Rhizoma
o 100 bp ................ 512 bp ............ > %
Official  —AGATCT——AAATCT— =
Rheum ‘ (bp)
species Bagl ll Bgl ll 612
100 bpﬂ 296 bp &; 216 bp 513
Unofficial ™ _ AgatcT AGATCT— 296
587 100
. ; R. palmatum
B1 (Region 2) Nsil BZ ° \v Rhei Rhizoma
l < ............... 411 bp ............ )ﬂrzss bp g ‘_z
ATGCAT— S 1 1umaw
Nsi | (bp)
R.palmatum | G AMbp >&r263 bp
ATGCAT = 674
o 18 by e 11
1 P ATGTAT e
C1 (Region 2) Dral 1061
125 bp ........... 549 bp ............ >
I —TTT&AA
R. palmatum
p [ ..................... 674 bp >
I —=TGTAAA
769

Fig. 7 PCR-RFLP Analysis of One Drug Sample (D21) Using the Restriction Enzyme Bg/ 11, Nsi I or Dra 1 on Partial marK Gene
A, PCR products of region 1 (612 bp), amplified using DNAs from eight Rheum species (three official and five unofficial species) and one drug sample
as a template, were digested with Bg/ 11. B and C, PCR products of region 2 (674 bp) were amplified using DNAs from three groups of R. palmatum,
and one drug sample as template, were digested with Nsi 1 (B) or Dra 1 (C). 1, restriction sites of Bgl 1I, Nsi I or Dra 1; 2, agarosc gel
clectrophoretograms of the PCR products digested with three restriction enzymes; nucleotides with shadows indicate the defined identification markers

at position 587 (A), 1061 (B) or 769 (C). Lane M, 1kb DNA ladder; M', pBR 322DNA-Msp | digestion.
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The partial mafK gene sequence of the former was identical
to that of a cultivated plant specimen of Heping, Shimian
County (Ps4), while that of the latter to a wild plant speci-
men of Xinlong County (Ps15), both in Sichuan Province
(Table 2). These might be the result of the migration of
seeds or the movement of production area.

Conclusion

The matK gene sequences of 9 Rheum species, espe-
cially of the 3 official species were elucidated. Accordingly,
not only interspecies but also intraspecies nucleotide substi-
tutions were observed. Since the marfK gene sequence of
genus Panax of family Araliaceae was stable intraspecies,'”
the phenomena observed in Rheum species may be related to
their self-incompatibility. However, plants growing in
neighboring areas had the same or similar marK gene se-
quences as usual, due to the maternal inheritance of the
matK gene. Nevertheless, the wide range of sequence varia-
tions existing in R. palmatum suggested that several types of
R. palmatum may be distributed in China. Based on com-
plete and partial marK gene sequences, the specimens of R.
palmatum were divided in the phylogenetic tree into 3
groups under the subclades RPI, RPII, and RPIII, which
were thought to be demarcated by their distribution areas.
Generally, specimens from the southeastern part of Qinghai
to the northwestern part of Sichuan were classified in
subclade RPI, those from Gansu were in subclade RPII, and
those from the central to southern part of Sichuan were in
subclade RPIII. The phylogenetic analysis demonstrated a
closer relationship between R. tanguticum and R. officinale.
The matK gene sequence was valuable in grouping R.
palmatum besides in identifying Rheum species, and could
be used as an index for quality evaluation of Rhei Rhizoma.

By the comparison of matK gene sequence, the key nu-
cleotides for identifying section Palmata including the offi-
cial species, for identifying 3 official species, and for
distinguishing the 3 intraspecies groups of R. palmatum
were clarified. On the basis of 5 marker nucleotides at posi-
tions 367, 587, 769, 937, and 1061 among them, PCR-RFLP
and ARMS analyses were investigated to develop a conven-
ient and efficient identification method. PCR-RFLP meth-
ods using restriction enzymes Bg! II, and Nsi I or Dra I were
developed for identifying section Palmata and for identify-
ing the 3 groups of R. palmatum, respectively. For the iden-
tification of 3 official species, ARMS method was
developed using 3 sets of primers, each having two kinds of
species-specific reverse primers designed on the basis of nu-
cleotide differences at positions 367 and 937. The plant
specimens were analyzed using the PCR-RFLP and ARMS
methods to give the expected products in an electrophoreto-
gram. These methods were also applied to drug samples of
Rhei Rhizoma. The ARMS method was found to be valu-
able in identifying the species of all drug samples. On the
other hand, in the PCR-RFLP method, a semi-nested PCR
method was required to obtain PCR products before RFLP
method. Moreover, it was understood that PCR products
were easily obtained in dividing two regions of the marK

22 Suppl.1 2005)

gene, that is, shorter region than 700 bp. As the result, the
botanic origins of all 22 drug samples were identified to be
official Rheum species, R. tanguticum, R. officinale or the 3
groups of R. palmatum. Moreover, the production areas of
drug samples could be deduced.

Quality evaluation based on chemical constituents of
the drug samples of Rhei Rhizoma unambiguously authenti-
cated by molecular analysis has been performed, and re-
sulted that each sample belonging to the same subclade
showed a similar pattern of constituents. The relationship
between genotypes and chemical constituents will be re-
ported in the forthcoming article.
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