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Abstract

There is a great demand for herbal medicines indéhesloped and developing countries
because of their wide biological activity, highefety margin than synthetic drugs as a result
of this Herbal drugs have a great potential indlabal market. Herbal drug technology is
used for converting botanicals materials into mieeis, where standardization and quality
control with proper integration of modern sciemtifechniques and traditional knowledge is
important .Extensive research on DNA-based molecmiarkers is in progress in many
research institutes all over the world.DNA -basedlenular have a great utility in the herbal
drug analysis and widely used for the authentiiicatof plant species of medicinal
importance.

Key Words: DNA-based molecular markers, Genetic markers, bdlerdrugs, Herbal
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Introduction

Natural products have been our single most suadessfirce of medicines. Each plant is like
factory capable of synthesizing unlimited numbethimfhly complex and unusual chemical
substances whose structures could otherwise esicapmagination forever [1]. There are at
least 120 distinct chemical substances derived fptants that are considered as important
drugs currently in use in the world, while severher drugs are simple synthetic
modifications of the natural products [2]. Desglie long history of success in discovering
drugs from natural sources, natural products halkenf out of favor in current high
throughput screening. In 2002, spending on mediciegceeded $ 400 bn worldwide.
Completion of human genome project and role of genoand proteomics have
revolutionized natural products based drug discovédver 50% of the best-selling
pharmaceuticals in use today are derived from abpnoducts[3]. In natural product drug
discovery the conventional approach of extracti®ulation, separation, identification,
characterization and test for the desired bioldgac#ivity suffers from problems like lower
yields, de-replication, difficult separation andamsistent biological activity. However with
the introduction of innovative technologies likghithroughput screening (HTS) and recent
advances in extraction, chromatography, electraggi®r and spectroscopy have
revolutionized the entire scenario of pharmacogndégy
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Chromatographic techniques like TLC, HPTLC and HRISés chemical markers which may
not be therapeutically active and has its own &ton. Secondary metabolites that are used
as marker may change due to environmental factods heence correct identification of
botanicals is difficult task. Marker compound mumit be present widely (like primary
metabolites) and should neutral to environmentaitber effects[5].

Each herb contains large number of compounds, isonibt possible to analyze for presence
or absence either quantitatively or qualitativedy &ll compounds. These serious difficulties
in testing for active principles or chemical constnts are well known. Various national and
international guidelines have suggested that testemal should be free from pesticides,
heavy metals and aflatoxins.Estimation of thesetatomants requires advanced analytical
techniques. Secondly countries with ethno botangrattices are engaged in developing
monographs of their indigenous plants [4-5]. Momgdrs preparation involves chemical as
well as biological markers. Marker development rezgiadvanced analytical tools. Due to
faster dereplication rates these techniques wikk abonograph preparation of even those
botanicals whose chemical identification or chaaegation was not possible. These markers
developed by these techniques will further be usafustability testing and biological
standardization. According to general guidelines foethodologies on research and
evaluation of traditional medicines by WHO, firdes in assuring quality, safety, and
efficacy of traditional medicines is correct iddication and this can be done very
successfully with the application of molecular meag{6].

Pharmacognosy, since 1990 has become moleculanceci@as molecular markers prove
important tool in revolution of biochemical congénhts and macromolecules, viz. proteins
and deoxyribonucleic acids (DNA). Molecular markespecially genetic marker identify

plant at genomic level and establish new standardsandardization and quality control of

botanicals. Hence, are more suitable and ubiquitousiost of plants. Molecular markers

have highly polymorphic nature, show co dominahenitance, occur frequently in genome,
unbiased to environmental conditions or managerpeatdtices and easily available, highly
reproducible and allow easy exchange of data bet\admratories [7].

Genetic Markers: An Introduction

For many years, gene mapping was limited in magammisms by traditional genetic markers
which include genes that encode easily observdideacteristics such as blood types or seed
shapes. The insufficient amount of these typeshafacteristics in several organisms limited
the mapping efforts that could be done.New moledglehniques in 1980's, made it possible
to examine variations in DNA, providing unlimitedimber of genetic markers that can be
used for creating genetic maps as well as for stgdynkages between diseases and genetic
inheritance.[7-8] Restriction fragment length pobnphism (RFLPs) were one of the earliest
molecular marker methods used which detect variatio DNA sequencing by cutting the
DNA with restriction enzymes. More methods were eleped later that detected variable
numbers of short DNA sequences repeated in tandmied microsatellites. Single
nucleotide polymorphisms (SNPs) were a more res@yt of detecting individual variations

in DNA nucleotides directly. All of these methodavie expanded the availability of genetic
markers hence facilitating the creation of genetaps [8].

A genetic markeis a gene or DNA sequence with a known locatioraaihromosome and
associated with a particular gene or trait. It bandescribed as a variation, which may arise
due to mutation or alteration in the genomic Ibattcan be observed. A genetic marker may
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be a short DNA sequence, such as a sequence sgingua single base-pair change (single
nucleotide polymorphism SNP), or a long one, likaigatellites.
Some commonly used types of genetic markers are

+ RFLP (or Restriction fragment length polymorphism)
« AFLP (or Amplified fragment length polymorphism)

+ RAPD (or Random amplification of polymorphic DNA)
« VNTR (or Variable number tandem repeat)

« Micro satellite polymorphism

« SNP (or Single nucleotide polymorphism)

« STR (or Short tandem repeat)

« SFP (or Single feature polymorphism)

They can be further categorized as dominant orarohgant. Dominant markers allow for
analyzing many loci at one time, e.g. RAPD. A priramplifying a dominant marker could
amplify at many loci in one sample of DNA with oR€ER reaction. Co-dominant markers
analyze one locus at a time. A primer amplifyingacadominant marker would yield one
targeted product [8].

A restriction fragment length polymorphism, or RFLP, (commonly pronounced "rif lip"), is
a variation in the DNA sequence of a genome thatbeadetected by breaking the DNA into
pieces with restriction enzymes and analyzing tiae sf the resulting fragments by gel
electrophoresis. It is the sequence that makes Didd different sources different, and
RFLP analysis is a technique that can identify sdifferences in sequence (when they occur
in a restriction site). Though DNA sequencing teghas can characterize DNA very
thoroughly, RFLP analysis was developed first amg wheap enough to see wide application
[8-9]. Analysis of RFLP variation was an importaotl in genome mapping, localization of
genetic disease genes, determination of risk fodisease, genetic fingerprinting, and
paternity testing. The basic technique for detgcB#LPs involves fragmenting a sample of
DNA by a restriction enzyme, which can recognize ant DNA wherever a specific short
sequence occurs, in a process known as a restrigest. The resulting DNA fragments are
then separated by length through a process knowagasose gel electrophoresis, and
transferred to a membrane via the Southern blatguhare. Hybridization of the membrane to
a labeled DNA probe then determines the lengtthefftagments which are complementary
to the probe. A RFLP occurs when the length of geadded fragment varies between
individuals. Each fragment length is consideredkale, and can be used in genetic analysis
[9].Analysis of RFLP variation in genomes was vitabl in genome mapping and genetic
disease analysis. If researchers were trying t@ilyi determine the chromosomal location of
a particular disease gene, they would analyze ti& Df members of a family afflicted by
the disease, and look for RFLP alleles that sh@wdar pattern of inheritance as that of the
disease (see Genetic linkage). Once a diseasevgenéeocalized, RFLP analysis of other
families could reveal who was at risk for the ds®gaor who was likely to be carriers of the
mutant gene. RFLP analysis was also the basisaity enethods of Genetic fingerprinting,
useful in the identification of samples retrievednfi crime scenes, in the determination of
paternity, and in the characterization of geneifieidity or breeding patterns in animal
populations[10-12]

Amplified fragment length polymorphism PCR (or AFLP-PCR or justAFLP®) is a PCR-

based tool used in genetics research, DNA fingetipg, and in the practice of genetic
engineering. Developed in the early 1990’s by KexgeAFLP uses restriction enzymes to
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cut genomic DNA, followed by legation of adaptocsthe sticky ends of the restriction

fragments. A subset of the restriction fragmente #nen amplified using primers

complementary to the adaptor and part of the m&in site fragments (as described in detail
below). The amplified fragments are visualized @anaturing polyacrylamide gels either
through autoradiography or fluorescence methodefji2].

AFLP-PCR is a highly sensitive method for detectoajymorphisms in DNA.In detail, the
procedure of this technique is divided into threps:

1. Digestion of total cellular DNA with one or morestaction enzymes and ligation of
restriction half-site specific adaptors to all regton fragments.
2. Selective amplification of some of these fragmenith two PCR primers that have
corresponding adaptor and restriction site speséguences.
3. Electrophoretic separation of amplicons on a gefimaollowed by visualisation of
the band pattern.
4.
A variation on AFLP is cDNA-AFLP, which is used muantify differences in gene
expression levels. Another variation on AFLP is Display, used to detect transposable
element mobility. The AFLP technology has the cdpgtio detect various polymorphisms
in different genomic regions simultaneously. laiso highly sensitive and reproducible. As a
result, AFLP has become widely used for the idexaifon of genetic variation in strains or
closely related species of plants, fungi, animatgl bacteria. The AFLP technology has been
used in criminal and paternity tests, in populatgemetics to determine slight differences
within populations, and in linkage studies to gatemaps for quantitative trait locus (QTL)
analysis. There are many advantages to AFLP whempared to other marker technologies
including randomly amplified polymorphic DNA (RAPDYestriction fragment length
polymorphism (RFLP), and micro satellites. AFLP rmily has higher reproducibility,
resolution, and sensitivity at the whole genomeleampared to other techniques, but it also
has the capability to amplify between 50 and 1@@rnents at one time. In addition, no prior
sequence information is needed for amplificatiof-I2]. As a result, AFLP has become
extremely beneficial in the study of taxas inclugbacteria, fungi, and plants, where much is
still unknown about the genomic makeup of variorgaaisms.

RAPD (pronounced "rapid") stands f&andomAmplification of PolymorphicDNA. It is a
type of PCR reaction, but the segments of DNA #natamplified are random RAPD markers
are decamer (10 nucleotide length) DNA fragmentsnfrPCR amplification of random
segments of genomic DNA with single primer of adny nucleotide sequence and which are
able to differentiate between genetically distimdividuals, although not necessarily in a
reproducible way [11].

A Variable Number Tandem Repeats (or VNTR) is a location in a genome where a short
nucleotide sequence is organized as a tandem repblase can be found on many
chromosomes, and often show variations in lengtivéxn individuals. Each variant acts as
an inherited allele, allowing them to be used ferspnal or parental identification. Their

analysis is useful in genetics and biology reseduorknsics, and DNA fingerprinting.

Microsatellites, or Simple Sequence Repeats (SSRs), are polymorphic loci present in nuclear
and organellar DNA that consist of repeating upitsl-6 base pairs in length. They are
typically neutral, co-dominant and are used as oubde markers which have wide-ranging
applications in the field of genetics, includingngiip and population studies. Microsatellites
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can also be used to study gene dosage (lookinduplications or deletions of a particular
genetic region) [11-12]

A single-nucleotide polymorphism (SNP, pronouncedsnip) is a DNA sequence variation
occurring when a single nucleotide — A, T, C or Ga-the genome (or other shared
sequence) differs between members of a speciebdioveen paired chromosomes in an
individual). For example, two sequenced DNA fragisefrom different individuals,
AAGCCTA to AAGCTTA, contain a difference in a single nucleotide this case we say
that there are twoalleles: C and T. Almost all common SNPs have only two
alleles.Variations in the DNA sequences of humansaffect how humans develop diseases
and respond to pathogens, chemicals, drugs, vagcamed other agents. SNPs are also
thought to be key enablers in realizing the concépgersonalized medicine.However, their
greatest importance in biomedical research is édongaring regions of the genome between
cohorts (such as with matched cohorts with and awithe. disease).The study of single-
nucleotide polymorphisms is also important in ceop livestock breeding programs (see
genotyping). See SNP genotyping for details onvélmous methods used to identify SNPs.
They are usually biallelic and thus easily assayed.

A Short Tandem Repeat (STR) in DNA is a class of polymorphisms that ascwhen a
pattern of two or more nucleotides are repeated thedrepeated sequences are directly
adjacent to each other. The pattern can rangengthHefrom 2 to 10 base pairs (bp) (for
example (CATG)n in a genomic region) and is typicah the non-coding intron region,
making it junk DNA. By examining enough STR locidaoounting how many repeats of a
specific STR sequence there are at a given lotus, gossible to create a unique genetic
profile of an individual. There are currently ovEd,000 published STR sequences in the
human genome. STR analysis has become the prewaahisis method for determining
genetic profiles in forensic case&3TR analysis is a relatively new technology in thedief
forensics, having come into popularity in the noddte 1990s. It is used for the genetic
fingerprinting of individuals. The STRs in use tgdar forensic analysis are all tetra- or
penta-nucleotide repeats (4 or 5 repeat unitsihese give a high degree of error-free data
while being robust enough to survive degradatiomam-ideal conditions. Shorter repeat
sequences tend to suffer from artifacts such as §tGfer and preferential amplification, as
well as the fact that several genetic diseaseass@eciated with tri-nucleotide repeats such as
Huntington's disease. Longer repeat sequencessufikr more highly from environmental
degradation and do not amplify by PCR as well astshsequences[12-13].

Uses: Genetic markers can be used to study the reldtiprietween an inherited disease and
its genetic cause (for example, a particular momtatif a gene that results in a defective
protein). It is known that pieces of DNA that liear each other on a chromosome tend to be
inherited together. This property enables the usa marker, which can then be used to
determine the precise inheritance pattern of theegthat has not yet been exactly
localized.Genetic markers have to be easily idiahli¢, associated with a specific locus, and
highly polymorphic, because homozygotes do notipgeany information. Detection of the
marker can be direct by RNA sequencing, or inditesthg allozymes.Some of the methods
used to study the genome or phylogenetics are RFAMRplified fragment length
polymorphism (AFLP), RAPD, SSR. They can be usedr&ate genetic maps of whatever
organism is being studied. There was a debate what the transmissible agent of (canine
transmissible venereal tumor, CTVT) was. Genetickdies have also been used to measure
the genomic response to selection in livestock.ubdditand artificial selection leads to a
change in the genetic makeup of the cell. The pisef different alleles due to a distorted
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segregation at the genetic markers is indicativthefdifference between selected and non-
selected livestock. [14]

Molecular Markersin Plant Genetic Research for increasing the productivity [15]

Molecular markers, sometimes called DNA markersughbe thought of as signs along the
DNA trail that pinpoint the location of desirablergetic traits or indicate specific genetic
differences. Just as smoke rising into the sky matkeasier to locate a forest fire, a gene of
interest is easier to locate when a researchds stith a nearby marker. “To successfully use
a specific marker to follow a specific trait, thearker must be found close enough to the gene
of interest that variations (alleles) of both tharker and the gene can be inherited together,”
This was said by Dr. Jim Register, who was reseaodtdinator of analytical nucleic acid
technologies at Pioneer. This ca be further expthiand understand by experiment carried
out by Dr. Jim Register at Pioneer shown in figure.

Resistant Plant —

Polymorphism - using variation for improvement
Polymorphism involves the existence of different forms (alleles) of
the same gene in plants or a population of plants. These differences
are tracked as molecular markers to identify desired genes and the
resulting trait.
Most organisms are diploid, meaning they have two copies of each - .
gene — one from each parent. Like brown eyes in humans, one gene .
usually dominates the other thus determining the inherited trait. This protein helps make plant resistant

| Following the Road Look for genetic Identify markers for Select plants with

Signhs to Improve clues to find specific specific genes and markersigenes for
Product Performance genes of interest. determine if they evaluation.
can be inherited.

Figure 4: Experimentation shows the use of genetimarker to identify the genes for
evaluation

Molecular markers are first identified as shortgfreents or “strings” of DNA located in a
specific position on a chromosome. “We are ablede a particular fragment of DNA as a
marker when we can detect differences in that feagie DNA sequence between multiple
plants or plant lines,” Register says. According Register, these variations in DNA
sequence, called polymorphisms, can be associatié@tked with different forms (alleles) of
nearby genes involved with particular traits. Theymorphism, or difference, is the clue
researchers need to find the gene of interest.ekample, markers associated with genes
involved in disease resistance have been identiireccorn and soybeans. Differences
between the DNA sequences of these genes canpmnsgisle for making a plant sensitive or
resistant to a particular disease. And differemed3NA sequences near the gene can be used
as markers to locate the gene and track the dessdts in breeding programs. Besides
disease resistance research, this same technodmgpec used to localize genes and follow
markers associated with other traits such as ntatyniaint height, insect resistance, grain oll
content, etc. Register said that Getting the desimesults “Using the latest marker
technologies, scientists are able to determine figthe lab which plants have economically
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beneficial traits faster,” faster,” “This allows we select plants based on the traits they
possess even before going to field trials. The tsaged allows us to move improved
products to the market faster.”

Susceptible Plant Polymorphism

GENE "XYZ" (Allele 2)

The order of individual nucleotides identifies the domi-
nant gene and the differences between the genes. Also, the
nucleotides supply the code for protein production resulting in
the plant expressing a particular trait. ft's the differences in
these nucleotide strings that modify or alter the plant’s trait
expression.

d protein has modified fu

Develop hybrids and Test hybrids and Test plant product Release improved

varieties from these varieties to determine perfoermance that products to market.
parents. if markersigenas were includes desired gene.
inherited.

Figure 5: Experimentation shows the use of genetimarker to identify the genes for
evaluation

Single Sequence Repeats Markers or Microsatellites.

SSR markers are one to six nudectide repetitions of the DNA code, These repeats, like an
argyle sock pattern, are found most often between genes and don't alter cell function.
These are generally found near a gene of interest and serve as a "marker.”

Following the Road Signs to Improve
Product Performance

Lock for genetic clues to find
specific genes of interest.

Plant A has four unit SSR near
gene of interest

Plant A#

llle 1

LGBHED' inter

Identify markers for specific

genes and determine if they
can be inherited.

Select plants with markers!
genes for evaluation.

Develop hybrids and
varieties from these parents.

Test hybrids and varieties to
lallele 2)
Gene of interest.

Plant C

determine if marker/gene was
inherited.

Plant C has three unit SSR
near gene of interest

Test plant product performance
that includes desired gene.

o
Release improved products u

ﬁkhJJ
to market. |.Gene of interest.

Figure 6: SSR Markers or Micro satellites to impro\e the product performance

Simple Sequence Repeats (SSR) markers, or miclideatearkers, are one of the most
advanced marker technologies available in genetsearch today and area key part of
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research efforts underway at Pioneer. SSR markersteetches of DNA in which the same
short nucleotide sequence is repeated over and Begmorphism, or variation, among SSR
markers is determined by the number of times tlee [s#quence repeats (e.g. AGTTAGTT
VS.AGTTAGTTAGTTAGTT). “This variation in DNA sequee can be used just like other
types of DNA sequence variation to locate nearliyegeand follow specific forms of those
genes through product development,” says Dr. JingidRer, research coordinator of
analytical nucleic acid technologies at Pioneexp@iment conducted shown in figure 6 and
7 using SSR techniques to improve the product padace). “SSR markers are considered
highly polymorphic as the number of repeats cay gagatly among plants. This allows us to
detect many different alleles for that marker.” 3@eighly polymorphic SSR markers are
also excellent tools for comparing our germplasthwther competitors’,” he concluded this
technology protects our intellectual property ane investment of the researchers puts into
product development research for its customers.thWBSR markers, researchers are
routinely able to analyze the location of genescbmomosomes (positions of genes on
chromosomes) hundreds of plants at one time.

Because DNA fragments have different lengths due to the number of S5R
repeats, Pioneer researchers can separate the fragments through Gel
Electrophoresis.
DNA fragments are placed into the top of a gel that acts as a molecular
filter. DMA fragments carry a negative charge and the bottom of the gel has
Large a positive charge. Just as positive and negative magnets attract, the DNA
L3 population moves through the gel matrix towards the positive charge.
TR of inbred As DNA fragments move through the gel, it sorts according to size with
plants, descended the smallest fragments moving farther. This way even fragments that differ

from a known by only a single nuclectide base can be separated.
male/female cross, is

Plant A: Susceptible Plant B: Resistant Plant C: Susceptible

Sample taken from each plantin the
test plot. For example, the three
plants above.

In S5R studies, products in the PCR step
are “tagged” with a fluorescent dye

which will be used later to identify the
DNA fragments.

Plant A

Plant B Plant C

! : Negatively
examined for de5|.ralble charged DNA
characteristics. fragments
tagged with

fluorescent dye

fragments with
7 SSR repeats

g stop here

fragrments with
4 SSR repeats

/ stop here

Plagt A /— fragments with
— 3 SSR repeats
Plaptcmam stop here

/MlllJtil

| | | | | |
! ! | ! !
Gelwithlmu\tifle "Ijnes” 1o an’alyze
many plants at onc |

H

e - Actual SSR markers

In the next step, researchers compare agronomic knowledge with DNA
knowledge via computer analysis. If plant B with an 7-unit SSR repeat
has shown resistance 1o the disease and this same 7-unit SSR repeat has
shown up often in other plants demonstrating disease resistance, then
this region of DNA can serve as a marker to track and develop the trait.

Figure 7: Use of SSR techniques through gel elecfrboresis
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Types of DNA markersused in plant genome analysis

Various types of DNA-based molecular techniques1@] are utilized to evaluate DNA
polymorphism. These are hybridization-based methpds/merase chain reaction (PCR)-
based methods and sequencing-based methods.

Hybridization-based methods

Hybridization-based methods include restrictiomgfnent length polymorphism (RFLP) [16].
and variable number tandem repeats [17]. Labellebgs such as random genomic clones,
cDNA clones, probes for micro satellite [18] anchisatellite [19] sequences are hybridized
to filters containing DNA, which has been digesieth restriction enzymes. Polymorphisms
are detected by presence or absence of bands ypadibkation.

PCR-based methods

PCR-based markers involue vitro amplification of particular DNA sequences or lowith

the help of specific or arbitrary oligonucleotidenpers and the thermo stable

DNA polymerase enzyme. PCR-based techniques wiagidom primers are used, include
random amplified polymorphic DNA (RAPD) [20], anatily primed PCR (AP-PCR)[21]
and DNA amplification fingerprinting (DAF)[21-22]nter simple sequence repeats (ISSRs)
[22]polymorphism is a specific primer-based polyptosm detection system, where a
terminally anchored primer specific to a particldanple sequence repeat (SSR) is used to
amplify the DNA between two opposed SSRs of the esaype. Polymorphism occurs
whenever one genome is missing in one of the SSRw® a deletion or insertion that
modifies the distance between the repeats. A remgmtoach known as amplified fragment
length polymorphism (AFLP) [23] is a technique tigbased on the detection of genomic
restriction fragments by PCR amplification. Adagtare ligated to the ends of restriction
fragments followed by amplification with adaptorrhologous primers. AFLP has the
capacity to detect thousands of independent logicam be used for DNAs of any origin or
complexity [24].

Sequencing-based markers

DNA sequencing can also be used as a definitivenméa identifying species. Variations
due to transversion, insertion or deletion can bgessed directly and information on a
defined locus can be obtained. Genetic variatiacucextensively at the single nucleotide
level. Direct sequencing can efficiently identifyck single nucleotide polymorphisms that
usually depend on how closely related are the asgabeing compared. Other sequencing-
based strategies include analysis of the variaidénal transcribed spacer (ITS) sequences of
ribosomal DNA (rDNA). The ITS region of 18s-26s rBNias proved to be a useful
sequence for phylogenetic studies in many angiosgamilies. The level of ITS sequence
variation suitable for phylogenetic analysis is rfduat various taxonomic levels within
families, depending on the linkage.

A number of researchers have also sequenced o#ggons of DNA such as trnK of
chloroplast and spacer region of 5s rDNA as diatinésols for authentication [21-24].

Genetic Markersin Herbal drug technology

Genetic markers have proved their utility in fieldse taxonomy, physiology, embryology,
genetics, etc. As the science of plant geneticgrpssed, researchers have tried to explore
these molecular markers techniques for their agfptins in commercially important plants
such as food crops, horticultural plants, etc. muently in pharmacognostic characterization
of herbal medicine.
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Genetic variation/genotyping

Molecular markers have been looked upon as toola farge number of applications ranging
from localization of a gene to improvement of plaatieties by marker-assisted selection.
They have also become extremely popular markergligtogenetic analysis adding new
dimensions to the evolutionary theories. If we l@khe history of the development of these
markers, it is evident that they have been imprawmezt the last two decades to provide easy,
fast and automated assistance to scientists aeddne Genome analysis based on molecular
markers has generated a vast amount of informatit@ha number of databases are being
generated to preserve and popularize it.

It has been well documented that geographical timmdi affect the active constituents of the
medicinal plant and hence their activity profiled5]. Many researchers have studied
geographical variation at the genetic level. Estéva@f genetic diversity are also important in
designing crop improvement programmes for managermoérgerm plasm and evolving
conservation strategies. RAPD-based molecular markave been found to be useful in
differentiating different accessions Baxus wallichianf26], neem[27] Juniperus communis
L.[26], Codonopsis pilosu[@8], Allium schoenoprasum.[29], Andrographis paniculaf@9]
collected from different geographical regions. 3amty, different accessions dafannabis
sativd30] have been discriminated using ISSR markersthage ofArabidopsisthalianal.
Heynh[30] have been differentiated using cleavegldiad polymorphic sequence and ISSR
markers.Inter- and intra-species variation has b&mn studied using DNA-based molecular
markers. Interspecies variation has been studiedy lBFLP and RAPD in different genera
such asGlycerrhiza(34) Echinacea[31] andrabidopsi$32]. RAPD and RFLP have also
been applied for characterizationEpimediun33] species at the genetic level. Members of
three different species &cutellarig33], Chinese medicinal plants and three subspedfies
Melissa officinali§34] have been discriminated using RAPD. Varietals dtareation of
Kenaf has been done with the help of agronomicdl RAPD data. Varietals identification
and genetic purity test in pepper a@@psicum annuumvere carried out using RAPD
markers. RFLP technique was used for interspegéaoetic variation within the genus
Capsicumand also for DNA fingerprinting of pepper cultivi8S]. An attempt has been
made to understand population structurePotiophyllum peltatunto establish commercial
level propagation of useful secondary metabolitgagimolecular markers [36]. Also, high
genetic diversity has been shown Hodophyllum hexandrunspecies from Himachal
Pradesh, India [37]. Genetic variation and relaiops among and withiwithania species
[38], and genetic relationships among papaya andilt relatives have been revealed using
AFLP markers. Genetic variation withBrassica campestrisultivars has been studied using
AFLP and RAPD markers [39]. Phylogenetic relatiopdias been studied among citrus and
its relatives using SSR markers [40]. RAPD has hessd to construct genetic linkage maps
of Eucalyptusgrandis and Eucalyptus urophylld41]. RAPD markers have been developed
for genetic mapping of Pacific yew gxusbravifolia Nutt.)[42]. An attempt has been made
to develop a physical AFLP map of the compkepsabidopsisgenome by combining gel
based AFLP analysis wiih silico restriction fragment analysis using the published

genome sequence[43].

Agriculture is one of the most important occupasian India with almost 70% of the
population being dependent on it. A noteworthy aesie in conventional breeding for several
years has made this country self-sufficient in meggpects. However, the ever-increasing
population has alarmed food security in India attdnapts have been initiated to integrate
modern biotechnology tools in conventional breedimgmprove the most important crops
such as rice, wheat and legumes.
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Germplasm analysis to study genetic diversity istla@r important area in which a lot of
efforts have been put in. Fingerprinting of croge Irice wheat, chickpea, pigeon pea,
pearlmillet etc[41-43] is being carried out extensively. Thidormation has potential in
strategic planning of future breeding towards csaptainability in India. Apart from use of
molecular markers in crop plants, efforts are alsderway in other horticultural plants.
Early identification of sex in dioecious papayangsmolecular marker is one such example.
One of the most recent applications of these markas been shown in sex identification of
dioeceous plants, wherein microsatellite probe (BATis found to reveal sex-specific
differences in Southern analysis and can be useddeéegnostic marker in this system where
male and female plants do not show any sex-speaiftzphological difference until
flowering. Thus in the last few years there are yneports of amalgamation of classical
breeding and modern biotechnological approacheshwhave unlimited scope in Indian
agriculture. [43-48]

Authentication of medicinal plants

DNA-based techniques have been widely used for eatittation of plant species of
medicinal importance. This is especially usefutase of those that are frequently substituted
or adulterated with other species or varieties @inatmorphologically and/or phytochemically
indistinguishable.

Dried fruit samples of.ycium barbarumwere differentiated from its related species using
RAPD markers .The RAPD technique has also been fasatktermining the components of
a Chinese herbal prescription, yu-pingfeng santhla study the presence of three herbs
(Astragalusmembanaceug¢Fisch.) Bge.,Ledebouriella seseloide#/olff and Atractylodes
macrocephala&oidz) in the formulation have been detected usirgingle RAPD primer[48-
49]

Three RAPD primers have been identified that cauiccessfully discriminate between three
species ofAtractylodes from Chinese formulation purchased from local ke#s{49]. In
another study, three random primers were usedvieatehe genetic variability dkstragalus
medicine materials sold in Taiwan market. SSCP yaimlwas also conducted on PCR
products from the ITS-1 region of rDNA in order thfferentiate the twoAstragalus
species[50]. Primers have been designed for hyadidin with the hypervariable ends of
microsatellite loci that could reveal DNA-polymorpim among fiveEucalyptusspecies[49-
50].DAF has been used to identify the Chinese tiathl medicineMagnoliae officinaligits
counterfeits and substitutes[49]. An RAPD primattis selective for an elite strain Aizu K-
111 of Panax ginsengincluding its cultured tissues has been idemtjb&]. RAPD and
PCR-RFLP analysis have been used for authenticaifoP. ginsengamong ginseng
populations[49-51]. Some researchers have useevapproach called Direct Amplification
of Length Polymorphism (DALP) for authentication d&fanax ginseng and Panax
guinquefolius.Authentication of medicinaDendrobiumspecies by the internal transcribed
spacer of rDNA has been done successfully [50-B2]DNA microarray for detecting
processed medicinalDendrobium species Kerba dendrob) was constructed by
incorporating the ITS1-5.8s- ITS2 sequencePehndrobiumspecies on a glass slide. The
established microarragould detect the presence BX nobile in a Chinesemedicinal
formulation containing nine herbal components[53Jlolecular authentication of
Atractylodesderivedcrude drugs (Jutsu) was done with the help of PGRFRand direct
sequencing of chloroplast trnK. Two regiofigegionl and Region2) inside the chloroplast
trnK wereselected as molecular markers for identificatiod discriminationof Atractylodes
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rhizome (Byaku-jutsu) andtractyloded_ancea rhizome (So-jutsu). Based on polymorphism
in the restiction site foHinfl in Regionl fragment (260 bp), it was possibleigcriminate
between the two species. By direct sequencing gidrRe2(436 bp) and comparison of the
nucleotide sequence datasets, we could not ontyidlimate Byaku-jutsu and Sojutsu, but
also identify the original plant species of eaalder drug specimen [53-54].

Detection of adulteration/substitution

RAPD technique was adopted to identify eight typedried Coptisrhizomes and one type
of Picrorrhiza rhizome, a substitute for the former in the Chinbsebal market[55]P.
ginsengis often substituted bl. quinquefolius(American ginseng). Sequence characterized
amplified region (SCAR), AP—PCR, RAPD and RFLP h&esn successfully applied for
differentiation of these plants and to detect stigin by other closely related species[56]
Characterization dEchinaceaspecies and detection of possible adulterations baen done
using RAPD technique. DNA fingerprinting and polympioism in the Chinese drug ‘Ku-Di-
Dan’ (herba elephantopi) and its substitutes wéndisd using AP—PCR and RAPD. The
results were used for authentication of ‘Ku-Di-Damid its substitutes. DNA fingerprinting
of Taraxacum mongolicurtherba taraxaci) and its adulterants of six speafeSompositae
was demonstrated using AP—PCR and RAPD. Bulbriviflaria cirrhosa, an official drug of
Chinese Pharmacopoei@d995), is commonly used as an antitussive andaa@t. It has
often been adulterated with similar bulbs of othelated species. Specific DNA-based
primers have been designed for authenticationF.ofcirrhosa at the genomic level. A
molecular marker that is specific to medicinal réwds based on chloroplast trnL/trnF
sequence which is absent in its adulterants has leatified. DNA sequence analysis of
rDNA ITS and PCR-RFLP were explored for their apgion in differentiating four
medicinal Codonopsisspecies from their related adulteranBampanumoegavania and
Platycodon grandiflorus The technique allowed effective and reliable atiéhtiation of
Codonopsigrom the adulterants [57].

Medicinal plant breeding

ISSR-PCR has been found to be an efficient andbilelitechnique for the identification of
zygotic plantlets in citrus interploid crosses. Bmllar markers have been used as a tool to
verify sexual and apomictic offspring of intrasgiecicrosses inHypericum perforatuma
well known antihelminthic and diuretic.An attemp@shbeen made towards marker-assisted
selection of fertile clones of garlic with the helpRAPD markers. RAPD markers have been
successively used for selection of micropropogaladts ofPiper longumfor conservation.
[58-59]

Applicationsin foods and nutraceuticals

DNA-based molecular markers have been used extgpdor a wide range of applications

in food crops and horticultural plants. These agions include study of genetic variation,
cultivar identification, genotyping, cross-breedisiyidies, identification of disease-resistant
genes, identification of quantitative-trait lociyersity analysis of exotic germplasms, sex
identification of dioeceous plants, phylogenetialgsis, etc. Recently, the application of
DNA-based molecular markers is being explored énfibld of nutraceuticals [60-61]

Regulatory aspects of plant genetic markers

According to the new European Council legislatitihe labeling of food or food ingredients
produced from, or containing licensed geneticallgdified organisms must indicate the
inclusion of these ingredients where they are pregieor above a level of above 1%.
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In compliance with the labeling regulation for Gbbfls, several countries in Europe such as
Germany and Switzerland, have extensively develdp@R methods for both identification
and quantification purposes. In response to reprtmlicensed GM ingredients in food in
the international market, the Food Safety Authoofylreland has completed a survey to
determine the levels of GM maize ingredients irtiltarchips and taco shells on sale in
Ireland, using the PCR technique. Where suffic@M DNA was present in the sample,
guantitative analysis was undertaken using rea-fRCR.Primers specific for inserted genes
in Roundup ReadyTM soybean have been found to btabsu for detection and
discrimination of GM soybean from non-GM produdis.another study, Roundup Ready
soybeans, But maize and Cecropin D capsicum hage beccessfully discriminated from
non-GM products using primers specific for insergedes and crop endogenous genes [62].

Influence of Genetic Markers in Herbal Drug Researh

Quality control and standardization of medicinal plant materials [63]

Correct identification and quality assurance of #iarting material is an essential pre-
requisite in herbal medicines to ensure reprodecipliality of herbal medicine which
contribute to its safety and efficacy.

Most of the regulatory guidelines and pharmacopstagiest microscopic and macroscopic
evaluation and chemical profiling of the botanicalterials for quality control and
standardization. Chemical profiling establishesharacteristic chemical pattern for a plant
materials its fractions or extracts. Thin layer ahatography (TLC) and (HPTLC) are
routinely used as valuable tools for qualitativeed®ination of small amounts of impurities.

In order to ensure efficacy, selection of the ocriemo type of the plant is necessary even
when there are many known chemotypes of a plamiegfeselection of the right chemo type
to which clinical effects are attributed is difflcuAnother difficulty encountered in the
selection of the correct plant material is to elsalthe identity of certain species that may be
known by different binomial botanical names in éifint regions. In view of these limitations
there is need for anew approach that can complewrent certain situations serve as an
alternative. Molecular markers generally refer tochemical constituents including primary
and secondary metabolites and other macromolecidebs as nucleic acid. Secondary
metabolites as markers have been extensively usgdality control and standardization of
botanical drugs.DNA markers are reliable for infatime polymorphism as the genetic
composition is unique for each species and is fietted by age, physiological condition as
well as environmental factors .DNA can be extradteth fresh or dried organic tissue of the
botanical material; hence the physical form of sanple for assessment does not restrict
detection. Various types of DNA-based moleculahtegues are utilized to evaluate DNA
polymorphism. These are hybridization-based methpds/merase chain reaction (PCR)-
based methods and sequencing-based methods.

Hybridization-based methods include restrictiorgin@nt length polymorphism (RFLP) and
variable number tandem repeats.Labelled probes ascrandom genomic clones,cDNA
clones, probes for microsatellites and minisaedlisequences are hybridized to filters
containing DNA,which has been digested with restit enzymes.Polymorphism are
detected by presence or absence of bands upordizgbion.

PCR-based markers involve in vitro amplificationpairticular DNA sequences or loci, with
the help of specific or arbitary oligonucleotideinpers and the thermostable DNA
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polymerase4 enzyme.PCR-based techniques wheremapmdimers are used, include random
amplified polymorphic DNA (RAPD), arbitrarily prinde PCR (AP-PCR) and DNA
amplification fingerprinting (DAF). A recent apprdaknown as amplified fragment length
polymorphism (AFLP) is a technique that is basedtm detection of genomic restriction
fragments by PCR amplification. Adaptors are ligate the ends of restriction fragments
followed by amplification with adaptor-homologousmpers. AFLP has the capacity to detect
thousands of independent loci and can be usedNizxsbf any origin or complexity [63].

Genomic profiling of medicinal plants by DNA Micro array Technique

DNA microarray was developed in response to thal fieea high-throughput, efficient and

comprehensive strategy that can simultaneously uneaal the genes or a large defined
subset, encoded by a genome [64-65] .Several melttgids including differential display

PCR,northern blots, Quantitative PCR are used akidg micro arrays as research tools.
DNA micro arrays is an orderly arrangement of tlamas of oligonucleotides or identified

sequenced genes printed on an impermeable solodypsually glass, silicon chips or
nylon membrane. Novel technologies such as SAGE6[g6and TIGR orthologous gene

alignments (TOGA) [68-69] are used alongside mig@a as a research tools. DNA
microarray allows rapid and detailed analysis abuands of transcripts, providing a
revolutionary approach to the investigation of gesgression. There are three main
application of DNA micro array:

a) In pharmacodynamics for the discovery of new diagooand prognostic indicators
and biomarkers of therapeutic response; elucidationolecular mechanism of action
of an herb, its formulations or its phytochemicamponents and identification and
validation of new molecular targets for herbal ddayelopment.

b) In pharmacogenomics for prediction of potentiaksédfects of the herbal drug during
preclinical activity and safety studies; identifioam of genes involved in conferring
drug sensitivity or resistance and prediction ofiggas most likely to benefit from
drug and use in general pharmacogenomics studies.

c) In pharmacognosy for correct botanical identificatiand authentification of crude
plant materials as part of standardization andityuadntrol.

The identification of genes modulated by compousdited fromCentella asiaticawith the
help of gene microarray provides the basis thesb&®i a molecular understanding of
Centella’s bioactivity,opportunities for the quantitative oalation of this activity with
clinical effectiveness at molecular level [70].Semly,the antiproliferative activity of
Coptidis rhizome a medicinal herb and its major componembdrgne was investigated in
human pancreatic cancer cell lines and it was ptestd identify common and distinct genes
related to anti-proliferative activities[71]. Higiensity oligonucleotide micro array have been
used for pioneering studies on the multiple genpression effects exhibited b@inkgo
biloba leaf extract EGb 761 and various studies on diefgplemented witls.biloba extract
that have notable neuromodulatory effects in virad dlustrates the utility of genome wide
expression monitoring to investigate the biologmetions of complex extracts [72].

cDNA microarray analyses have shown that exposf@irauman breast cancer cells to a
Ginkgo extract altered the expression of genes dhatinvolved in the regulation of cell
proliferation, cell differentiation or apoptosisdcathat exposure of human bladder cancer cells
to a Ginkgo extract produced an adaptive transornipt response that augments antioxidant
status and inhibits DNA damage [73]. Recent stubese highlighted the concurrent use of
herbs which may mimic, magnify or oppose the eftéadrugs [74-75].DNA microarray can
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be used for studying herb-drug interactions, and thechanisms underlying these
interactions.

Marker assisted Breeding

Marker assisted breeding involves the use of DNAkers linked with DNA sequences of
interest. Inheritance pattern of sequences/ tts be confirmed even prior to expression
using RFLP, RAPD, AFLP and minisatellites markers-f7]. A high content artimisinin
producing plant variety “CIM-Arogya” was developatl CIMAP, Lucknow through marker
assisted breeding. Selection of genotype with as®d biomass led to selection of higher
artimisinin yielding variety [78]. An increase irrtianisinin from 0.15% t01.16% on dry
weight basis was recorded in this variety. Thuskeraassisted breeding could also be used in
developing high secondary metabolite yielding @ant

Thus DNA- based molecular markers have acted asatiler tools in plant genome analysis
and are specifically important in differentiatingfferent plant species and their varieties.
Various techniques like RFLP, RAPD have been sistokg applied for characterization of
semi-processed and processed herbal drug mateBalag environmentally stable and
specific, DNA markers could gain wide popularitydoality control and standardization of
medicinal plant materials

Limitations of Genetic Markersin Herbal Drug Technology

Although DNA analysis is currently considered todugting-edge technology, it has certain
limitations due to which its use has been limitecatademia. In order to establish a marker
for identification of a particular species, DNA &rsas of closely related species and/or
varieties and common botanical contaminants antteadats is necessary, which is a costly
and time-consuming process. Isolation of good-tp&NA suitable for analysis from semi-
processed or processed botanicals is also a cpallen

Another important issue is that DNA fingerprint Wwiédmain the same irrespective of the plant
part used, while the phytochemical content willywaith the plant part used, physiology and
environment. DNA fingerprinting ensures presencetha correct genotype but does not
reveal the contents of the active principle or cizahconstituents. Hence DNA analysis and
pharmacognostic techniques for chemoprofiling sashTLC, HPTLC, etc. will have to be
used hand in hand rather than in isolation.

Identification of quantitative-trait loci that arelosely linked to a biologically active
phytochemical will prove to be useful. Several mips have been made in recent years, to
correlate DNA markers with qualitative and quanitia variations in phytochemical
composition among closely related species. Prapegiation of molecular techniques and
analytical tools will lead to the development ofcamprehensive system of botanical
characterization that can be conveniently applietha industry level for quality control of
botanicals. Ayurvedic classification of medicindamt is based on basic principles and
therapeutic characters that may have a genetis.b@s have undertaken an exploratory
study on the use of molecular markers for quickiiieation of botanical materials in crude,
semi-processed and processed herbal formulations.stbategy involves identification of
species-specific marker after screening a numbspeties and/or varieties of the medicinal
plant using random oligonucleotide primers, followdy cloning and subsequently
converting it to SCAR markers for better specifiaind reproducibility. Also, application of

Available online at www.jocpr.com 15



S. Srivastavaet al Journal of Chemical and Pharmaceutical Research2009, 1 (1): 1-18

RAPD markers has been explored for standardizagfolbotanical formulations containing
ayurvedic medicines likEmblica officinalisandTinospora cordifolig79]

Conclusion

Here we concluded that DNA markers, which may hsseeral advantages over typical
phenotype markers. DNA markers are reliable foormfative polymorphisms as the genetic
composition is unique for each species and is fietted by age, physiological conditions as
well as environmental factors20. DNA can be exgddtom fresh or dried organic tissue of
the botanical material; hence the physical fornthefsample for assessment does not restrict
detection. Various DNA-based methods for speciearatdterization and adulteration
detection in medicinal plants; agricultural cropsl ayenetically modified (GM) foods have
been published. Molecular techniques can be usegharmacognosy for cultivation of
medicinal plants, identification, and detectionaoiulterants and to discourage its fraudulent
commercialization in herbal formulations. Newer tbahnological tools like cloning,
sequencing, gene expression, gene manipulatiorbearsed to increase yield of secondary
metabolite. With the evolution of these moleculppr@ach role of pharmacognosy is likely
to be more challenging in forthcoming years.
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