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Abstract:   At the boundary between pharmacognosy and molecular biology, molecular pharmacognosy has developed as a new 

borderline discipline. This paper reviews the methods, application, and prospect of molecular pharmacognosy. DNA 

marker is one of genetic markers and some molecular marker methods which have been successfully used for genetic 

diversity identification and new medicinal resources development. Recombinant DNA technology provides a 

powerful tool that enables scientists to engineer DNA sequences. Gene chip technique could be used in 

determination of gene expression profiles, analyses of polymorphisms, construction of genomic library, analysis of 

mapping, and sequencing by hybridization. Using the methods and theory of molecular biology and pharmacognosy, 

molecular pharmacognosy represents an extremely prospective branch of pharmacognosy and focuses on the study 

of systemic growth of medicinal plants, identification and evaluation of germplasm resources, plant metabolomics 

and production of active compounds. Furthermore, the great breakthrough of molecular pharmacognosy could be 

anticipated on DNA fingerprint analysis, cultivar improvement, DNA identification, and a global DNA barcoding 

system in the future. 
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Introduction 

Molecular biology is an exciting and rapidly 
expanding field, which could enable numerous other 
fields to go “molecular”. Using the method and 
technology of molecular cloning, genetic engineering, 
tissue culture, and molecular markers, pharmacognosy 
has developed rapidly in recent years and now represents 
a highly interdisciplinary science (Liu, 2005; Liu et al, 
2009; Mukherjee et al, 2010; Yu et al, 2010). Molecular 
pharmacognosy is an important part of molecular biology. 
The theory basis of molecular pharmacognosy can be 
summarized into three points: (1) The development of 
molecular biology has enabled other biological fields to 
go “molecular”. Using the theory and methods of biology, 
pharmacognosy focuses on the properties of botanicals 
and animals; (2) Since the great majority of Chinese 

medicinal materials originate from either plant or animal 
sources, DNA which contains the genetic information in 
every cell of plant and animal materials connects 
molecular biology and pharmacognosy together. 
Moreover, DNA analysis becomes an important tool for 
pharmacognosy; and (3) Researches on medicinal plants 
and animals in pharmacognosy have developed from the 
organ, tissue, and cellular level to the genetic level. 
Consequently, the modernization of pharmacognosy 
enables its combination with molecular biology and its 
development (Huang, Chen, and Xiao, 1999; Huang, 
2006; Kang, Yang, and Sun, 2002; Xie, 2001). 

Pharmacognosy has been built up for 200 years. 
Looking back to the history, Chinese scholars have 
made great progress in its development. At the 
beginning, crude drugs were only identified by characters 
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including external morphological characteristics, color, 
sections, texture, and flavor. Then optical microscopy 
technology was developed, which was based on the 
internal cells and tissues of crude drugs. Furthermore, 
scanning electron microscope (SEM) and ultra-micro 
identification system emerged as science evolved. 
Additionally, physics and chemistry analysis were also 
applied to the quality control of crude drugs and 
especially the application of spectroscopic techniques 
in component analysis was presented as a development 
summit in pharmacognosy (Xie, 2001). 

Molecular pharmacognosy is an emerging 
discipline combining molecular biology and 
pharmacognosy, and its development depends on 
systems biology, especially genomics, proteomics and 
metabolomics and also depends on the development 
and methods of modern biotechnology (Fig. 1). 
 
Methods based on systems biology  

Systems biology is expected on the long term to 
predict both genomic activations and metabolite flows 
in complex systems. Their joint application is already  
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Fig. 1  Development of molecular pharmacognosy 

now judged to be the ultimate phenotyping of a cell or 
plant and considered to have the potential to 
revolutionize natural product research and to advance 
the development of scientific-based herbal medicine 
(Wang et al, 2005; Verpoorte, Choi, and Kim, 2005; 
Patwardhan, 2005; Patwardhan et al, 2005). For 
example, these technologies and methods are likely to 
change and expedite the study of resources and quality 
control of medicinal plants. Theory and methods in 
chemistry, taxology, pharmacodynamics, physics, 
molecular biology, and genetics are all used in 
pharmacognosy studies (Ma et al, 2003; Huang et al, 
2009a; Wang et al, 2003; Wang and Bi, 2003; Chen et 
al, 2003). The techniques such as molecular markers, 
recombinant DNA, and gene chips have provided 
significant support for DNA polymorphism detection in 
molecular pharmacognosy.  

Molecular markers 
DNA marker is one of genetic markers and it is 

based on polymorphic DNA. Some molecular marker 

methods have been successfully used for genetic 
diversity identification and new medicinal resources 
development. (1) Restriction fragment length poly- 
morphism (RFLP), variable number of tandem repeats 
(VNTRs), and denaturing gradient gel electrophoresis- 
RFLP (DGGE-RFLP) are based on molecular 
hybridization; (2) Randomly amplified polymorphic 
DNA (RAPD), arbitary primer-PCR (AR-PCR), DNA 
amplification fingerprinting (DAF), single strand 
conformation polymorphism-RFLP (SSCP), cleaved 
amplified polymorphism sequences (CAPS), amplified 
fragment length polymorphism (AFLP), allele-specific 
PCR (AS-PCR), single primer amplification reaction 
(SPAR), simple sequence repeats (SSR), and inter- 
simple sequence repeat (ISSR) are based on PCR; (3) 
AFLP is based on the technology PCR and RFLP; (4) 
Revert transcription PCR (RT-PCR), differential display 
(DD), representative difference analysis (RDA), and 
fluorescence quantitative polymerase chain reaction 
(FQ-PCR) are based on RT-PCR; (5) Single nucleotide 
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polymorphism (SNP) and DNA barcoding are based on 
the sequencing; (6) DNA chips, such as cDNA and 
oligo microarray (Huang et al, 2009b; Huang, 2006; 
Gao et al, 2001; Guo et al, 2002a; 2002b).  

Recombinant DNA 
Recombinant DNA technology provides a 

powerful tool that enables scientists to engineer DNA 
sequences. It refers to use of molecular techniques to 
select a specific sequence of DNA from an organism 
and to transfer it into another organism to code for or 
alter specific traits. Before production step, target gene 
is derived from an original organism and integrated to a 
recombinant DNA. After that, this DNA is transformed 
into a receptor and replicated. Then target gene is 
produced in desired amounts and the expression of 
exogenous gene is identified (Qu et al, 1998). As the 
development of homologous DNA recombination, 
genetic engineering technology becomes more and 
more simple, rapid, and accurate. It has the advantages 
of requiring no use of restriction and combination 
enzymes and being able to be operated without 
changing the procedure that is used for recombinant 
DNA technology.   

Gene chips 
As a new molecular hybridization and sequencing 

technique, gene chip technique allows fast determi- 
nation and assay of a large number of target molecules 
once. Consequently, it could make up the disadvantages 
of traditional blotting hybridization techniques, 
including the complicated operation procedures, lower 
automatization, fewer sequences, and lower efficiency, 
etc. This technique could be used in determination of 
gene expression profiles, analyses of polymorphisms, 
construction of genomic library, analysis of mapping, 
and sequencing by hybridization (Huang et al, 2009b). 
A novel DNA fingerprinting technique called AFLP is 
described. AFLP assay was set up by Vos, Hogers, and 
Bleeker. It is based on the selective PCR amplification 
of restriction fragments from a total digest of genomic 
DNA. The technique involves three steps such as 
restriction of the DNA and ligation of oligonucleotide 
adapters, selective amplification of sets of restriction 
fragments, and gel analysis of the amplified fragments 
(Vos, Hogers, and Bleeker, 1995). The AFLP technique 
is based on the selective PCR amplification of 
restriction fragments from a total digest of genomic 

DNA. Gene chip technology has developed rapidly in 
the past decade, which places DNA strands on glass 
computer chips and promises to revolutionize 
molecular biology. This technology will enable us to 
analyze the influence of environmental factors in gene 
expression of geoherbs and determine the gene 
regulation of active compounds (Ma and Jiang, 2000).  

The sequencing and analysis of expressed 
sequence tags (ESTs) are primary approaches for the 
discovery of novel genes in plants, especially in 
non-model plants for which full genome sequences are 
not currently available EST sequencing represents a 
rapid and cost-effective method for analyzing the 
transcribed regions of genomes. EST analysis is also a 
powerful tool for the discovery of genes involved in 
plant secondary metabolism. The 454 GS FLX 
sequencing technology has made EST-based resources 
more readily accessible for non-model organism 
transcriptomes (Brautigam et al, 2008; Vera et al, 
2008). Study by Zhang et al (2009) focused on 
Glycyrrhiza uralensis Fisch. ex DC., which is one of 
the most ancient medicinal herbs and has been used as a 
Chinese herbal medicine to treat infectious diseases for 
over 3000 years. Using the 454 GS FLX platform and 
Titanium reagents, their study provides a high-quality 
EST database for G. uralensis. Based on the EST 
analysis, novel candidate genes related to the secondary 
metabolite pathway of glycyrrhizin, including novel 
genes encoding cytochrome P450s and glycosyl- 
transferases, were found. With the assistance of 
organ-specific expression pattern analysis, three 
unigenes encoding cytochrome P450s and six unigenes 
encoding glycosyltransferases were selected as the 
candidates most likely to be involved in glycyrrhizin 
biosynthesis. The information from these ESTs 
represents a significant contribution toward the 
exploration of the molecular mechanisms of 
glycyrrhizin biosynthesis. More importantly, a few 
candidate genes encoding the enzymes responsible for 
glycyrrhizin skeleton modifications were obtained by 
screening functional annotations and by organ-specific 
expression pattern analyses (Li et al, 2010). 

DNA sequence and codon alignments were 
performed using RevTrans. Recently, Barthet and Hilu 
(2008) evaluated evolutionary constraints on matK 
using protein composition and tried to explain why this 
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protein coding gene accommodated elevated rates of 
substitution and yet maintained functionality. Duffy 
Kelchner, and Wolf (2009) compared matK sequences 
of an intronless fern clade to sequences from seed 
plants and ferns with the intron and found no 
significant differences in selection among lineages. The 
gymnosperm Taxaceae, Cephalotaxaceae, and Pinaceae 
were used to illustrate the physicochemical evolution, 
molecular adaptation, and evolutionary dynamics of 
gene divergence in matKs. matK sequences were 
amplified from 27 Taxaceae and 12 Cephalotaxaceae 
species. matK sequences of 19 Pinaceae species were 
retrieved from Genbank (Hao et al, 2010). The 
phylogenetic tree was generated using conceptual- 
translated amino acid sequences. Selective influences 
were investigated using standard dN/dS ratio methods 
and sensitive techniques investigating the amino acid 
property changes resulting from nonsynonymous 
replacements in a phylogenetic context. Analyses 
revealed the presence of positive selection in matKs 
(N-terminal region, RT domain, and domain X) of 
Taxaceae and Pinaceae, and found positive destabi- 
lizing selection in N-terminal region and RT domain 
of Cephalotaxaceae matK. Various amino acid 
properties were found to be influenced by 
destabilizing positive selection (Hao et al, 2010). 
Amino acid sites relating to these properties and to 
different secondary structures were found and had the 
potential to affect group II intron maturase function. 
Despite the evolutionary constraint on the rapidly 
evolving matK, this protein evolves under positive 
selection in gymnosperm. Several regions of matK 
have experienced molecular adaptation which 
fine-tunes maturase performance. 

Metabolomics  
Metabolomics of medicinal plants is related to 

functional genomics and systems biology. A historical 
account of the introduction and evolution of metabolite 
profiling into today’s modern comprehensive 
metabolomics approach is provided. Many of the 
technologies are used in metabolomics, including 
optical spectroscopy, nuclear magnetic resonance, mass 
spectrometry, and so on. The role of bioinformatics and 
various methods of data visualization are used for the 
study of metabolomics in medicinal plants (Taylor et al, 
2002). The development of metabolomics, current 

literature, technological approaches, and bioinformatic 
tools are applied to molecular pharmacognosy.  

Analysis of cells at the metabolic level has a 
number of advantages over the more conventional 
transcriptome and proteome analyses (Adams et al, 
1999; Katona, Sass, and Mo, 1999; Tretheway, Krotzky, 
and Willmitzer, 1999): (1) Changes in gene and protein 
expression can cause amplified changes in metabolism, 
and make it easy in detection; (2) Metabolome tech- 
nology does not require the complete genome sequence 
or large EST databases, and do many transcriptome and 
proteome approaches; (3) There are fewer metabolite 
types than genes or proteins: in the order of 1000 per 
organism compared to several thousand genes for the 
smallest bacterial genomes and tens of thousands of 
genes for complex multi-cellular organisms; and (4) 
The technology is more generic, as a given metabolite, 
unlike a transcript or protein, is the same in every 
organism. 

Application 
One of the theoretical principles underlying 

molecular pharmacognosy is pharmacognosy, which 
focuses on the identification and authentication of crude 
drugs (Huang, Yang, and Wang, 2004). Molecular 
pharmacognosy focuses on the relationship among the 
genetic diversity, DNA expression, and quality 
evaluation of crude drugs. Genetic expression is not 
only one major work of molecular pharmacognosy but 
also an important link between molecular biology and 
molecular pharmacognosy (Huang et al, 2009a; Zheng, 
1990a; 1990b).  

Origin 
Medicinal herbs have multi-origin involving much 

of the confusion of species. It is common to find that a 
given material has been called several different names 
and that several different herbs share one name (Xiao, 
1998; Zhang et al, 1995). Morphological characterization 
is a conventional method for the identification of crude 
drugs, while the results are controversial (Deng, 1994). 
With the development of molecular biology and cloning 
technology, the information on genetic diversity has 
been used for analyzing biological species. Some 
molecular identification methods, such as RAPD, SSR, 
AR-PCR, multiplex amplification refractory mutation 
system (MARMS), anchored primer amplification 
polymorphism (APAPD), and PCR-restriction fragment 
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length polymorphism (PCR-RFLP), have been 
successfully used for the cultivar identification (Huang 
et al, 2009b).  

ISSR assay (Zietkiewicz, 1994) is based on the 
amplification of regions between inversely oriented 
closely spaced microsatellites. In recent years, 
researchers have focused on microsatellites such as 
SSR, VNTR, simple sequence length polymorphism 
(SSLP), and short tandem repeats (STR). Micro- 
satellites (SSR, STR, SSLP, and VNTRs) are the class 
of repetitive DNA sequences present in all living 
organisms. Particular characteristics of microsatellites, 
such as their presence in the genomes of all living 
organisms, high level of allelic variation, co-dominant 
mode of inheritance, and potential for automated 
analysis make them an excellent tool for a number of 
approaches like genotyping, mapping, and positional 
cloning of genes. The three most popular types of 
markers containing microsatellite sequences that are 
presently used are: (1) SSR, generated by amplifying in 
a PCR reaction with the use of primers complementary 
to flanking regions; (2) ISSR, based on the 
amplification of regions between inversely oriented 
closely spaced microsatellites; and (3) Selective 
amplification of microsatellite polymorphic loci 
(SAMPL), which utilizes AFLP methodology, with one 
exception, for the second amplification, one of the 
starters is complementary to the microsatellite sequence. 
The usefulness of the three above-mentioned markers 
for numerous purposes has been well documented for 
plants. All of these markers are the class of repetitive 
DNA sequences present in all living organisms. The 
key technologies used in proteomics are one- and 
two-dimensional gel electrophoresis to identify the 
relative mass of a protein and its isoelectric point 
(Williams et al, 1990; Williams, Coxhead, and Mathers, 
2003). Affinity chromatography, fluorescence resonance 
energy transfer, and surface plasmon resonance are used 
to identify protein-protein or protein-DNA interactions. 
X-ray tomography is conducted to determine the location 
of proteins or protein complexes in labeled cells. 
Furtherly, fluorescent proteins (FP) like green 
fluorescent protein (GFP), yellow FP, cyan FP or red 
FP are frequently used to study cellular events such as 
localization of proteins to membranes and to cellular 
organelles. They can mark homogenous populations of 

specialized cells whose gene expression profiles should 
be determined by DNA microarray analysis. 

It was reported that RFLP had an obvious 
advantage in identifying the genetic variation, 
analyzing the species relationship, and selecting new 
medicinal resources (Dang and Sun, 1986; Cheng, 
1994). In addition, the determination of seed purity is a 
quality control requirement in the production to avoid 
unacceptable contamination with self-inbred seeds. The 
trial based on morphological markers is time 
consuming, space demanding, and usually performed 
off season (Crockett et al, 2000; Zhang et al, 2003). 
Molecular maker techniques provide a new approach 
for this problem.  

Identification  
It is difficult to perform DNA analysis in plant and 

animal materials due to their high DNA degradation. 
Based on the amplification of nuclear DNA fragments, 
PCR assay does not require prior knowledge of the 
target genome, and because of its simplicity, rapidity, 
high performance, and good quality, the technique is 
being widely used in all aspects of molecular biology. 
RAPD which is based on PCR has developed for 
analyzing DNA polymorphism, separating DNA 
fragments and forming a specific banding pattern of 
genuine medicinal materials (Williams et al, 1990). 
RAPD technology has provided a rapid and accurate 
method for the identification of crude drugs and 
especially the animals. The identification which is based 
on the methods of molecular biology is called “molecular 
marker identification” (Zhang and Yan, 2001).  

The term “DNA barcode” for global species 
identification was first coined by Hebert et al (2003) 
and has gained worldwide attention. The method not 
only facilitates the work of professional taxonomists 
but also makes it possible for nonexperts to identify 
species rapidly, accurately, and efficiently (Pang et al, 
2010). Recognition of animals, plants, and fungi has 
been performed using this technique. Mitochondrial 
gene encoding cytochrome coxidase submit 1 is a 
favorable region for use as a DNA barcoding in most 
animal species and even in some fungal species, 
including those of the groups Aacomycota, 
Basidiomycota and Chytridiomycota. In plants, several 
candidate DNA barcodes have attracted the attention of 
many researchers. For example, Song et al (2009) 
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examined the usefulness of eight candidate barcodes 
(trnH-psbA, rbcL, rpoB, rpoC1, ndhJ, accD, YCF5, and 
nrITS) on species indentification of Polygnonaceae in 
Chinese Pharmacopoeia. The findings show that the 
plastid region trnH-psbA can not only distinguish ten 
species of Polygonaceae in Chinese Pharmacopoeia, 
but also recognize eight other species of Polygonaceae 
including their adulterants. Furthermore, plastid region 
rbcL combined with rpoC1 or nrITS can also 
distinguish closely related species (Song et al, 2009). 
Additionally, Kress et al (2005) compared 10 loci for 
authenticating closely related species in seven plant 
families and 99 species belonging to 88 genera in 53 
families, and reported that the psbA-trnH spacer and the 
internal transcribed spacer could be used as a pair of 
potential barcodes for identifying widely divergent 
angiosperm taxa. Lahave et al (2008) analyzed 1084 
plant species and demonstrated that a portion of the 
plasid matK gene could be a universal DNA barcode for 
flowering plants. In another study, seven potential DNA 
regions (psbA-tinH, matK, rbcL, rpoC1, ycf5, ITS2, and 
ITS) for their suitability as DNA barcodes across 8557 
medicinal plants and closely related samples belonging 
to 5905 species from 1010 diverse genera of 219 
familes in seven phyla (Angiosperms, Gymnosperms, 
Ferms, Monocotyledons, Dicotyledons, Algae, and 
Fungi) were compared. The data suggest that the 
second internal transcribed spacer (ITS2) of nuclear 
ribosomal DNA can be potentially used as a standard 
DNA barcode to identify medicinal plants and their 
closely related species and a novel universal barcode 
for the identification of a broader range of plant taxa. 
Hence, DNA barcoding is an efficient and powerful tool 
for identification of traditional medicines and their 
adulterants (Chen et al, 2010; Yao et al, 2009). 

Cultivation  
Disease and insect control is usually a major 

concern in cultivation and the conventional pesticide 
application causes damage to human, livestock, and 
environment. Molecular technology has been 
successfully used to obtain transgenic medicinal 
plants which have disease and insect resistance. In 
addition, some molecular identification methods 
have also been used to analyze genetic varieties, and 
to investigate the formation mechanisms of 
medicinal herbs with good quality, including RFLP 

and RAPD (Chen, 1989; Jiangxi College of Traditional 
Chinese Medicine, 1980).  

Cultivation of medicinal plants is not only a means 
for meeting current and future demands for large 
volume production of plant-based drug and herbal 
remedies, but also a means of relieving harvest pressure 
on wild populations (Canter, Thomas, and Ernst, 2005). 
Five cultivars of Aurantii Fructus (Citrusaurantium) 
were studied to reveal the genetic relationships among 
the cultivars (Zuo, Zhu, and Liu, 2005). The 
unweighted pair group method with arithmetic mean 
(UPGMA) dendrogram yielded by ISSR revealed the 
relationships within each cultivar. The primers selected 
could generate enough bands for analysis, and the 
reproducibility is better than RAPD. So ISSR assay 
could be a kind of molecular marker which is suitable 
for the investigation of the variation of inter- or 
intra-species. And the result could be used to establish 
the fingerprinting of these herbs.  

The genetic diversity of eight species of Caragana 
Fabr. in Ordos Plateau such as Caragana tibetica Kom., 
C. korshinskii Kom., C. Stenophylla Pojark., C. 
roborovskyi Kom., C. opulens Kom., C. purdomii Rehd., 
C. brachypoda Pojark., and C. intermedia Kuang et 
H.C. Fu. was analyzed (Yang, Yang, and Yang, 2006) 
by ISSR assay. And the result showed their genetic 
diversity (Qiu, Fu, and Wu, 2003) assessed the 
population of genetic diversity and genetic structure of 
Changium smyrnioides Wolff. and Chuanminshen 
violaceum Sheh et Shan. Fingerprinting was set up for 
the identification of these kinds of crude drugs by 
ISSR assay. 

Zhou, Jing, and Li (2005) characterized eight 
cultivars and two virus-free lines micro-propagated by 
tip tissue culture of Rehmannia glutinosa Libosch. in 
Huai zone and assessed their genetic diversities by 
ISSR technique. Cao, Li, and Sun (2005) analyzed the 
sibling relationship and genetic diversity of four 
certified Gentianae Radix species and the result showed 
the bands yielded by ISSR assay could be used for the 
analysis of Gentianae Radix species in genetic diversity 
and the setup of its fingerprinting. In addition, the genetic 
diversities of some species in Dendrobium Sw. (Shen, Xu, 
and Wan, 2005) have also been studied by ISSR assay.  

Plant metabolomics 
Metabolomics has been defined as the technology 
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designed to give us the broadest, essentially 
nontargeted insight into the richly diversed population 
of small molecules present in living things. Recent 
progress of plant metabolism and the generic value of 
the information were gathered in metabolomics and its 
application. Metabolomics is predicted to play a 
significant role in bridging the phenotype-genotype gap 
and thus in assisting us in our desire for full genome 
sequence annotation as part of the quest to link gene to 
function (Hall, 2006). 

The genus Strychnos Linn. is very well known as 
the plants providing one of the most famous poisons. 
Because of their toxicity, many of these species have 
been used as arrow poisons or in ordeals. The genus 
Strychnos Linn. comprises about 200 species in the 
world and can be subdivided into three geographically 
separated groups of species: one in Central and South 
America (at least 73 species), one in Africa (75 species), 
and one in Asia including Australia and Polynesia 
(about 44 species) (Xu, Si, and Liu, 2009). 

In a study on metabolomic analysis of S. 
nux-vomica L., S. icaja Baill., and S. ignatii Bereius. 
extracts by 1H-NMR spectrometry and multivariate 
analysis techniques, 1H-NMR spectrometry and 
multivariate analysis techniques were applied for the 
metabolic profiling of three Strychnos Linn.: S. 
nux-vomica (seeds, stem bark, and root bark), S. ignatii 
(seeds), and S. icaja (leaves, stem bark, root bark, and 
collar bark). The principal component analysis (PCA) 
of the 1H-NMR spectra showed a clear discrimination 
between all samples, using the three first components. 
The key compounds responsible for the discrimination 
were brucine, loganin, fatty acids, and S. icaja alkaloids 
such as icajine and sungucine. The method was then 
applied to the classification of several “false angostura” 
samples. These samples were, as expected, identified as 
S. nuxvomica by PCA, but could not be clearly 
discriminated as root bark or stem bark samples after 
further statistical analysis. Their study then showed that 
the major compounds responsible for the discrimination 
were brucine, fatty acids, loganin, and several 
Strychnos icaja alkaloids (mainly icajine and 
sungucine). Strychnine, though present in various 
amounts in all extracts analyzed, was not the key 
compound for the discrimination of samples (Frédérich 
et al, 2004). 

Production of active compounds 
The purpose of molecular pharmacognosy is to 

obtain high production of active compounds in crude 
drugs. With the development of molecular biology, 
techniques such as transgenic and antisense technology 
offer new perspectives for improving the production of 
active compounds. Plants secondary metabolism, such 
as the bioactive natural products in medicinal plants, 
and their biosynthesis are generally regulated by 
transcriptional control of the relevant enzymatic genes, 
which is one of the key research areas of molecular 
pharmacognosy (Wang, Morris-Natschke, and Lee, 
2007; Cui et al, 2007; Wei et al, 2009). 

Decursin and its structural isomer decursinol 
angelate are major secondary metabolites in the root of 
Angelica gigas Nakai which possess several chemo- 
therapeutic properties. The results suggested that strain 
PYR1001 could be successfully used to transform 
decursin for the production of decursinol, a compound 
known to have cancer chemopreventive activity (Kim, 
Lee, and Cha, 2010). The hairy roots of Polygonum 
multiflorum Thunb.were able to convert the aromatic 
exogenous substrate, thymol, into its glycoside. The 
glycosylated product, namely DMP, was isolated and 
purified, the structure of which was determined as 
5-methyl-2-(1-methylethyl) henyl-β-D-glucopyranoside. 
And the distribution of DMP in the medium or culture 
was varied in different co-cultivated periods, and 
co-cultivated for 5 d, it mainly existed in the medium 
(Dong et al, 2009). Two aromatic substrates, paeonol, 
and emodin, were biotransformed by using transgenic 
crown galls of Panax quinquefolium L. Four 
biotransformed products were isolated and identified by 
physicochemical and spectral methods. A β-glucoside 
and a 1-(2,4-dimethoxyphenyl)-ethanone were isolated 
from the suspension cultures after 7 d incubation of 
substrate. Another β-glucoside and a hydroxylated 
derivative, citreorosein, were also obtained. The results 
demonstrated that transgenic crown galls of P. 
quinquefolium had the capacities to catalyze 
glycosylation, hydroxylation, and methylation reactions 
in the plant cells on those aromatic compounds (Ma et 
al, 2010). 
 
Prospect  

Molecular pharmacognosy has developed rapidly 
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in recent years and is playing an important role in the 
identification, production, and evaluation of medicinal 
plants and animals. The development of molecular 
pharmacognosy could be anticipated in the following 
areas.  

Genetic diversity and molecular systematics 
The information on genetic diversity could guide 

the identification and classification of plant and animal 
species. However, the genetic background of most 
medicinal materials is unknown. Molecular marker 
technology has an obvious advantage in evaluating 
genetic diversity of medicinal plants at population, 
individual, and gene levels, and constructing 
phylogenetic trees which are based on the chloroplast 
and nuclear genome sequences by dividing the 
evolutionary significant units, analyzing the species 
relationship, selecting endangered medical plants and 
animals, and developing new medicinal resources. At 
present, the main genes in molecular systematics 
include rbcL, matK, rps4, 18S rDNA, and ITS, etc. 
Moreover, the development of biosystematics and 
molecular systematics provides a powerful weapon for 
the classification and identification of crude drugs, 
compared with the conventional morphological assay, 
which is affected by man-made factors (Fan et al, 1996; 
Deng et al, 1994; Fan, Qi, and Shi, 1983; Qiu et al, 1998).  

Molecular markers and important traits 
Genetic diversity is the foundation, while mole- 

cular markers and important traits including production, 
quality (active compounds and secondary metabolites) 
and resistance (insect, disease, drought, and salinity) 
are the purpose of natural resources exploitation, and 
transformation during the practice of molecular 
pharmacognosy (Deng, 1994). The technology of cell 
and genetic engineering accelerates the application of 
molecular pharmacognosy in economic construction.  

Molecular marker can be utilized to select the 
fine germplasm, assist breeding or construct genetic 
maps. The quality of medicinal materials is highly 
affected by their genetic basis and ecological 
environment. Genes of medicinal materials play an 
important role in the biosynthesis of secondary 
metabolites, which are mainly used to obtain active 
compounds. Genetic material is the foundation and 
ecological factors that affect the accumulation of 
secondary metabolites. Therefore, genetic engineering 

of secondary metabolites and high production of active 
compounds play an important role in the protection of 
medicinal resources. 

A transgenic organism is one which has been 
modified with genetic materials from other species. 
Transgenic plants have been engineered to possess 
several desirable traits, including expression of 
complex natural protein, continual acquisition from the 
blood and milk of animals, increased production of 
active compounds, and decreased expression of toxic 
genes. In addition, they can also pass the modification 
onto future generations by breeding with other 
members of the same species (Huang, 2006). The 
development of an alternative production method using 
tissue culture is a topic of great interest. However, there 
is still no such transgenic drug on the market. Recently, 
the techniques such as hairy roots and crown gall 
cultures provide new methods for fast growth and 
stable high-level production of active compounds.  

With pesticide pollution increasing annually, there 
has been an increasing demand for breeding of green 
medicinal plants which contain no toxic or harmful 
elements for human health and implementing of good 
agriculture practice (GAP) in production (Wei, Chen, 
and Guo, 2004). Transgenic technology has been 
successfully used to obtain transgenic crops protected 
from virus, insect, and disease. The coat protein of 
tobacco mosaic virus (TMV) has been introduced into 
tobacco and provided resistance to virus. The bacterium 
Bacillus thuringiensis (Bt) produces proteins which are 
specifically toxic to a variety of insect species. 
Modified genes have been derived from Bt2, a toxin 
gene cloned from one B. thuringiensis strain. 
Transgenic tobacco plants expressing these genes 
synthesize insecticidal proteins which protect them 
from feeding damage by larvae of the tobacco 
hornworm (Vaeck et al, 1987). It is believed that there 
will be much progress in commercial sale and 
widespread planting of transgenic medicinal herbs in 
the near future.  
 
Conclusion 

The molecular pharmacognosy is growing up with 
the development of molecular biology. The methods of 
molecular marker technology have developed rapidly in 
recent years, and there has been much progress on 
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identification, resource protection, formation mecha- 
nism, quality evaluation, and production of active 
compounds in crude drugs. However, each method has 
certain limitations, which includes validity, accuracy, 
normalization, and cost, so there are still difficult 
problems needing to be solved in molecular marker 
assays, such as standard operation procedure, accurate 
determination, and complete automation. Furthermore, 
the great breakthrough of molecular pharmacognosy 
could be anticipated in DNA fingerprint analysis, 
cultivar improvement, DNA identification, and a global 
DNA barcoding system in the future.  
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