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ABSTRACT

The main objective of this paper is to review the chemical and genetic methods used in authentication of
ginseng, especially the recent advances in microsatel lite genotyping and its application to the authentication of other
traditional Chinese medicines (TCM). The standardization and modernization of TCM hinge on the authentication
of their botanical identities. Analysis of well-characterized marker compounds is now the most popular method for
identifying the herbal materials and quality control of TCM, eg, ginsenoside profiling for authentication of Panax
species. However, in many herbal species the chemical composition of the plant changes with the external environ-
ment and processing conditions, which lowers the reliability of these authentication methods. In the light of the
advances in molecular biotechnology in the past few decades, genetic tools are now considered to provide more
standardized and reliable methods for authentication of herbal materials at the DNA level. These genetic tools
include random amplified polymorphic DNA (RAPD), DNA fingerprinting using multi-loci probes, restriction frag-
ment length polymorphism (RFLP), amplified fragment length polymorphism (AFLP), and microsatellite marker
technology. The practicality of these methods variesin terms of their sensitivity, reliability, reproducibility, and
running cost. Using ginseng as an example, we reviewed the advantages and limitations of these molecular tech-
niquesin TCM authentication. We have developed a set of microsatellite markers from American ginseng that are
ableto differentiate Panax ginseng and Panax quinquetolius with the resolution down to farm level, ie, confirmation
of its botanical identity and origin. Compared with other molecular techniques, microsatellite marker technology is
more robust, accurate, reproducible, reliable, and sensitive. Thisis essential for large-scale TCM authentication
centers.

The TCM seems to make enormous strides following
China sentry into the World Trade Organization (WTO),
as large sums of capital investment will now become
available to spur technical innovation. Many world-
famous medicine companies including Pfizer and
Johnson & Johnson have shown great interest in devel-

INTRODUCTION

The therapeutic value of traditional Chinese medi-
cines (TCM), especially on chronic diseases, has won
wide acknowledgement in the West in recent decades.
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oping TCM jointly with Chinese companies. The World
Health Organization (WHO) has also been keen to pur-
sue the development of TCM in recent years. Authen-
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tication and quality control have been the key for a Chi-
nese herbal drug to enter the world market. Unlike most
western pharmaceuticals, TCM are usually the herbal
plants themselves, or formulations of the herbal plants
or extracts consisting of thousands of biological com-
pounds rather than a single or simple combination of
several chemicals. Thusits chemical complexity makes
the quality control process much more sophisticated,
and current pharmaceutical Good Manufacturing Prac-
tices (cGMP) cannot be applied to such herbal products.
Traditionally, histological and morphological inspections
have been the usual methods of authentication, but they
are not applicable to most forms of modern herbal drugs,
eg, herbal extracts and pills. Chemical and chromato-
graphic techniques are currently used for identification
and assessment of chemical constituents of TCM. The
most common techniques are high performance liquid
chromatography (HPLC), thin layer chromatography
(TLC), and gas chromatography (GC)!™. Chromato-
graphic fingerprints and marker compounds are used
as reference standards, which indicate the purity,
identity, and quality of the herbal drug. However, chemi-
cal variability within the plant materials hinders the con-
firmation of its botanical identity. The chemical com-
position of aherbal speciesvariesfrom grower to grower
and crop to crop, and issignificantly affected by growth
and storage conditions and harvest and post-harvest
processes. Genetic makeup inspections provide a defi-
nite answer to the botanical identity of the TCM, asthe
genetic makeup of a herbal species does not vary with
their physical form, physiological and external
conditions. With the advancesin molecular biotechnol-
ogy in the past decades, different DNA manipulation
techniques have been developed and can potentially be
used in TCM authentication. Using Panax Species as
an example, the methods devel oped previously include
low-Cot DNA fingerprinting®>?, randomly amplified
polymorphic DNA (RAPD) or arbitrarily primed poly-
merase chain reaction (AP-PCR)“®, PCR-restriction
fragment length polymorphism (PCR-RFLP) and MASA
analysis”, amplified DNA RFLP® and microsatellite
markers (unpublished data). This paper reviews the
application of these technologies in authentication of
Panax species, with particular reference to microsatellite
marker technology developed in our laboratory.

CHEMICAL AUTHENTICATION OF GINSENG

The chemical profile of ginsenosides has been em-

ployed for authentication of ginseng. Ginsenosides be-
long to a group of related phytochemicals called
saponins, which are also found in many other plants.
Panax quinquefolius has 29 different ginsenosides, a
higher total percentage than the 20 ginsenosides found
in Panax ginseng (British Columbia Ministry of Agri-
culture and Food, 1999). Ginsenoside R; is Chinese
ginseng specific while 24(R)-pseudoginsenoside F, is
American ginseng specific, and they have been chosen
as the indicative ginsenosides for species differentia-
tion. Different analytic approaches have been devel-
oped and HPLC in conjunction with mass spectrom-
etry (MS) developed by Chan et a/!® appears to be the
most promising. Chan et al'® proved more sensitive
and specific methods than commonly used TLC
methods. Besidesthe indicative ginsenoside R; and F,
they also showed that the ginsenoside ratios Rg,/Re and
Rb,/Rc were specific for these two species of ginseng.
They found some brands of ginseng slice and tea gran-
ules did not contain the labeled constituents described
by the manufacturers. Moreover, origins of ginsengs
can also beindicated by the relative peak heights of the
indicative ginsenoside markers, but theresolution isvery
limited™™. This method is sensitive and robust.
However, as mentioned before, quantitative variations
in ginsenosides between samples within the same Panax
species do not give us complete confidence in the con-
firmation of the botanical identity of the drug.

GENETIC AUTHENTICATION OF GINSENG

Genetic differences between Panax species pro-
vide a more discrete, standard, and definite means of
botanical identification than chemical methods.
Moreover, genetic differences are always more infor-
mative than phenotypic differences such as morphol-
ogy and chemical compositions, and can be used to
authenticate not only identity but also origin. Many
molecular techniques have been devel oped for studying
the genetic diversity of different organisms. Some of
these techniques have been successfully employed in
forensic science, such as DNA fingerprinting and
microsatellite marker technology™®*?. The success in
applying these techniques in ecology and forensics sci-
ence has encouraged the application of these genetic
toolsin TCM authentication. In the following section,
the development of different genetic tools on ginseng
authentication is discussed.

DNA fingerprinting using low-cot DNA probes
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Jeffreys et al™ introduced the concept of using large
number of hypervariable DNA loci as DNA probe to
generate an individual-specific DNA profile, which pro-
vides a powerful application to human forensics. The
quality and resolution of a DNA fingerprinting assay
much depended on the choice of the DNA probe. Leung
et al™ first developed a low-cot (rapid reassociating
fraction) DNA probe method for the identification of
host-specific DNA fragments in Fusarium oxysporum
and it was found to be an excellent DNA probe for
DNA fingerprinting. Leung and Ho*¥ employed the
same approach for DNA fingerprinting assay of ginseng,
which generated a distinctive banding pattern with simi-
larity index 0.55 between the two Panax species (Fig
1). The high similarity index agrees with the low inter-
nal transcribed spaces sequence divergence reported
by Wen and Zimmer™, Although the fingerprints can
differentiate Chinese and American ginseng, they can-
not do so with sufficient resolution to permit accurate
identification of their speciesand origin. Moreover, the
stability and reproducibility of this method are very low
because the quality of the assay depends on the quality
of the DNA and technical factors, such as blotting and
hybridization conditions. The major limitation of this
method isits sensitivity, as it needs a large amount of
high quality genomic DNA. Most genomic DNA mol-
ecules in the processed herbal drugs are degraded and
unsuitable for DNA fingerprinting. Fingerprintingisla
borious and incompatible with high analytical through-
put applications.
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Fig 1. DNA fingerprints using low-Cot probes”. The fin-
gerprint pattern differentiates two ginseng species with a
low resolution.

Random-primed polymerase chain reaction
RAPD refersto DNA fragments amplified by a poly-
merase chain reaction (PCR) using a single arbitrary
primer*>* resulting in genetic polymorphisms observed

between different genomes. This technique has fre-
guently been used for the detection of genetic variabil-
ity in plants. The advantages of the approach are its
rapidity, simplicity, and the absence of any need for
prior genetic information of the plant™. Cheung et a/™"
differentiated American and Chinese ginseng roots by
using AP-PCR. Shaw and But'® further extended this
technique on the authentication of Panax species and
their adulterant. They obtained distinct RAPD finger-
prints for American and Chinese ginseng, which are
consistent irrespective of plant source or age. These
distinct fingerprints of the two ginseng species showed
avery different pattern from that of their adulterant.
Bai et al'¥! applied this method to the study of the ge-
netic diversity of Ontario American ginseng. With 36
decamers, Bai et al tested through 48 ginseng plants,
and achieved amean similarity coefficient of 0.412. The
limitation of this method isits reproducibility and rela
tively low resolution.

PCR-restriction fragment length polymor-
phism Ngan et a/® and Fushimi et a/'” applied PCR-
RFLP on ginseng authentication based on ribosomal
ITS1-5.851TS2 region and 18S rRNA gene respec-
tively. Both studies showed promising results on iden-
tification of the two Panax speciesand their adulterants.
Ngan et al are currently expanding this method (1 TS1-
5.85-1TS2 region based) to authentication of many other
TCM. This assay method is more reproducible and
reliable than DNA fingerprinting and RAPD. However,
the degree of polymorphism among individualswithin a
speciesis so limited that it is impossible to determine
the origin of the plant.

Polymorphic microsatellite marker technology
Microsatellites are very short tandem repeats (2-6 bp),
which are usually highly polymorphic and informative.
A unique fingerprint of an individual can be obtained by
PCR amplification of these marker loci. This method
has been used extensively in genetic and evolution studies
or forensic sciences, for determining gendert*®?, set-
tling questions of relatedness and parentage®??, deter-
mining the genetic structure of populations**", and
making genetic comparisons among species®?, Hu-
man identification kits have been developed by Applied
Biosystems based on discriminating fluorescent PCR
microsatellite-based assay, which simultaneously am-
plifies 15 STR loci plus the Amelogenin gender-deter-
mining marker in asingle, robust PCR. Several techni-
cal and analytical advantages make this technique supe-
rior to other genetic markersincluding its highly infor-
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mative nature, accuracy, sensitivity, reliability, and
reproducibility. This technique is robust, and can be
fully automated and fitted into large-scale, high through-
put authentication centers. The main limitation of
microsatellite marker analysisisthe high input in terms
of cost and labor required for identification and screen-
ing of informativeloci.

Microsatellite marker technology has not yet been
introduced into authentication of TCM and our research
team pioneered the use of this technology for the au-
thentication of ginseng. We screened 16 microsatellite
makers from American ginseng genomic library. Over
150 American ginseng roots and 40 Oriental ginseng
roots were analyzed. Using 9 of the 16 screened loci,
Chinese samples could be differentiated unambiguously
from the American samples with an average difference
of 1.7 in Nei’ soriginal genetic distancé®. Thisdegree
of accuracy is sufficient to distinguish a ginseng spe-
cies from a pool of samples of different species (Fig
2). High-resolution microsatellite markers can also be
used to identify closely related genotypes of cultivars
within a species. In a study on soybean performed by
Rongwen et a/*¥, most of the 96 different genotypes
investigated could be identified by a set of 7 informa-
tive loci exhibiting 11-26 alleles per locus. In our

Fig 2. Dendrogram of 40 ginseng samples based on micro-
satellite genotyping. The dendrogram was constructed from
the digitized microsatellite genotypes of the samples, and
it differentiates Chinese and American ginseng samples
unambiguously.

ownstudy, ten loci exhibited 4-11 alleles per locus, pro-
viding sufficient information for the ginseng species to
beidentified. Some of the informative loci showed quite
different allelic patterns among different ginseng farms,
implying that the allelic profile of anindividual may re-
flectits origin (Fig 3).
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Fig 3. Genetic diversity with a ginseng species. The figure
shows the allelic profile of a microsatellite locus in two
ginseng species on a silver-stained PAGE. Polymorphism
was detected on the farm level with American ginseng.

Theallele-calling step isthe bottleneck of the high
throughput microsatellite analysis, asthe alele size dif-
ferences are usually lessthan 10 bp. In our preliminary
analysis, we used silver stained PAGE for fragment
analysis, which is labor intensive, time consuming and
inaccurate. After identifying the informative loci, we
turned to use ABI 310 genetic analyzer and GeneScan
software for more efficient allele calling (Fig 4).
However, it isstill only “ semi-automated.”
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Fig 4. Genescan for allele calling. An electrogram of a
locus in a ginseng sample generated from ABI Genetic Ana-
lyzer 310 and Genescan software. The peak location repre-
sents the accurate allele size and greatly reduced artificial
error in the allele calling process.

High throughput and informative microsatellite
analysis relies upon the following key factors: (i) poly-
morphic loci; (ii) advanced multiplex PCR technology;
(iii) advanced capillary electrophoresis technology; (iv)
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supporting robotics; and (v) automated allele calling and
genotyping software. With today’ s technology, one
single technician with adequate robotics could realisti-
cally produce 2880 genotypes per day, given a multi-
plex of 10 markers, 384-well PCR trays, 96-lane gels
and afully automated genotyping software (TrueAllele,
Genotyper, GenoPedigree, etc). Such technology en-
ables accurate and digitalized genotypes of herbal plant
individual s to be obtained automatically with minimized
artifacts and errors. The recent development of DNA
array on microchip and the ability to read single base
pair changes has expanded the concept of polymorphic
DNA marker. However, such technology is still not
mature enough to be applied to the authentication of
TCM. lts potential for high throughput and automation
makes microsatellite-based genotyping an attractive
method for TCM authentication.

CONCLUSION

A standard and effective quality assurance pro-
gram for TCM is necessary for their standardization,
modernization, and acceptance by the world market.
Chemical analysis using HPLC and TLC methods pro-
vides quantitative and qualitative insightsinto the chemi-
cal compositions, purity and quality of the drug. The
authentication of the botanical identity of the herbal
materials has to be standardized by genetic analysis on
DNA level. Using ginseng as an example, various ge-
netic tools have been employed in its authentication.
Microsatel lite marker technology was identified as the
most suitable technique because of its resolution and
efficiency. This technology provides discrete geno-
types of aherbal plant, which permitsits botanical iden-
tity and origin to be established beyond doubt. Nowa-
days the quality control of TCM focuses on different
chemical analysis, and confirmation of the genetic iden-
tities of the herbs must be included in the quality assur-
ance program in order to provide full confidence to
consumers. The key requirement must be fulfill for
TCM to enter the international market successfully.
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