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Abstract. The World Health Organization has estimated that more
than 80% of the world’s population in developing countries depends pri-
marily on herbal medicine for basic healthcare needs. Approximately two
thirds of the 50 000 different medicinal plant species in use are collected
from the wild and only 10% of medicinal species used commercially are
cultivated. DNA-based molecular markers have utility in the fields like
taxonomy, physiology, embryology, genetics, etc. DNA-based techniques
have been widely used for authentication of plant species of medicinal im-
portance. The geographical conditions affect the active constituents of
the medicinal plant and hence their activity profiles. Many researchers
have studied geographical variation at the genetic level. Estimates of
genetic diversity are also important in designing crop improvement pro-
grammes for the management of germplasm and evolving conservation
strategies. The DNA-based molecular marker helps in the improvement
of medicinal plant species. DNA markers are more reliable because the
genetic information is unique for each species and is independent of age,
physiological conditions and environmental factors.
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Introduction

With the cultivation of medicinal plants, traditional breeding techniques
and biotechnology can be used to identify the genetic improvement of the
growth of the plants [7]. Selections based on molecular markers have been used
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widely in crop improvement. This method is desirable, genotypes detected in
the early stages of the selection process will be expedited. This means that
certain DNA sequences or alleles identify genes that are directly associated
with the trait. Identifying functional genes and associating sequences with
them is a costly process, but technical progress and results of whole-genome
sequencing of model plants, such as Oryza sativa and Arabidopsis thaliana,
is facilitated. There is high degree of similarity between the functional genes
in the DNA sequences. Thus, DNA probes from one species can be used for
the sequencing of related species. Availability of complete genome sequences
for rice and Arabidopsis and the rapid increase in genomic resources for sev-
eral other models such as Medicago, Lycopersicon and Populus has provided
new opportunity for medicinal plant breeding through comparative genomics
[15, 25].

A genetic marker is a gene or sequence with specific place on a chromosome
which is associated with a particular trait [38]. The efficiency of molecular
markers depends on the detected polymorphism [22, 31, 32].

Purpose

The purpose of this study is the evaluation of different DNA markers in
classification, identification and breeding of medicinal plants.

DNA markers in medicinal plants

RFLP!

Restriction fragment length of polymorphisms (RFLPs) were one of the first
markers that were used to detect variation in a DNA sequence with restriction
digestion by enzymes. One of the newest methods for the identification of
individual diversity in nucleotides of DNA can be conceived directly through
single-nucleotide polymorphism. Jana and Eva [19] performed RFLP analysis
of the Hypericum perforatum L. They expressed that similar RFLP patterns
in some somaclonal plants of RO are related to the apomictic method of re-
production. RFLP patterns compared with parental plants showed that some
offsprings have been established through sexual reproduction. Phylogenetic
relationships among species of Anthemideae and Asteraceae have been stud-
ied using RAPDIS, SSR and RFLP markers in Egypt. In this study, twenty-six
RFLP bands were identified after cutting with EFcoRI and BamHI, and the
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similarity mean was between 0 and 0.5. Digested DNA products of Achillea
fragrantissima, Artemisia arborescens, Artemisia Judaica, Matricaria aurea,
Glebionis Coronaria, Cotula barbata and Cotula cinerea were 6, 4, 5, 4, 3, 2
and 2, respectively, while Achillea santolina, Anacyclus monanthos and Ma-
tricaria recutita had no band [1].

The taxonomy and physiology of India Citrus have been studied using PCR-
RFLP with trnD-trn'T and rbcL-ORF regions and sequence analysis of intra-
genic spacer region trnD-trnT gene by Satya Narayan et al. [36]. In this
experiment, 50 samples of genotype collected plant material of wild, semi-wild
and domesticated. PCR-RFLP analysis generated of phylogenetic tree with
moderate to high bootstrap values while trees based on trnL-trnF sequence
showed only moderate to low bootstrap, which reflects the unknown origin
of some Citrus genotypes. Nevertheless, the PCR-RFLP and trnL-trnF data
distinguished Citrus mazima, C. medica and C. Clitrus from each other.

AFLP?

AFLP markers have been successfully used for linkage mapping with high
saturation in Lolium perenne L. AFLP markers are done in Lolium genomic
mapping as a prelude in the determination of agronomic traits QTLs and
marker-assisted selection [6]. AFLP analysis is used in genus Ocimum species
by Labra et al. [21]. Ocimum genus is over 150 species. They concluded
that the combined analysis of morphological characteristics, composition of
volatile oils and molecular markers is a robust method for the identification
of classification and its correlation with agronomic traits. In this study, the
genetic distances were calculated with Nei and Li index [6]. Genetic relation-
ships among Rosa damascena plants were studied by AFLP markers in Turkey
[5]. There was no polymorphism between plants and marker patterns derived
from different plants were similar.

The collected data showed that all R. damascene plants derived from the
same original genotype vegetative reproduction.

RAPD3

RAPD technique is used by Salim khan et al. for the authentication of Gly-
cyrrhiza glabra L., differentiating it from Abrus precatorius L. [35]. Fifty-two
primers were screened for identifying original and unfathered samples. Six-

2 Amplified Fragment Length Polymorphism
3Rapid Amplification of Polymorphic DNA
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teen primers generated reproducible and specific amplification product. The
PCR amplification products were clearly distinguished original and counterfeit
samples with similar morphology. So, RAPD can be used as a complementary
tool in quality control [34].

In a study by Mehrnia et al. [24], fresh leaves of 20 plants belonging to Ira-
nian Astragalus microcephalus were gathered and studied with RAPD markers.
The results showed that RAPD markers could be used to study the system-
atic relationship between related species. In a similar work by Sultan et al.
[39], Podophyllum hexandrum was collected from high-latitude regions of the
north-western Himalayas. The RAPD analysis showed a high degree of ge-
netic diversity among the 12 collected samples, which can be attributed to
geographical and climatic conditions. This study demonstrated that RAPD
markers are very useful tools for comparing the genetic relationship and di-
versity patterns between medicinal plants.

SSR*

Genetic characterization of Rhodiola rosea L. was performed using SSR
markers. Genetic relationships of 30 samples of Rhodiola rosea were stud-
ied using 10 markers. SSR analysis produced 12 polymorphic locus with an
average of 1.8 polymorphic band per primer. Genetic differentiation was sig-
nificantly low which indicates a high level of gene flow and a strong influence
on the genetic structure. Results showed a significant gene flow between the
populations of R. rosea [37].

SNP?

Coles et al. [12] used tagged, sequenced and expressed libraries to identify
SNP in Chinopodium qiuna willd. SNP markers identified in this study had
particular value in the gene expression and regulation associated with seed,
while distinguished SNPs had immediate application in genetic mapping ex-
periments, germplasm introduction and evolutionary relationships within the
genus Chenopodium.

4Simple Sequence Repeats
5Single-nucleotide polymorphisms
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Authentication of medicinal herbs using molecular
markers

Techniques based on DNA were widely used for the authentication of impor-
tant medicinal plants. Molecular biology provides a set of techniques that can
be useful for the authentication of medicinal plants. This fact is useful partic-
ularly in plants that are indistinguishable from other species or fake varieties
in terms of morphology or phytochemistry [28].

Some researchers determined AFLP technique potential to analyse the ge-
netic distances between varieties of Ocimum basilicum L. and the correlation
between genetic distance, the patterns of essential oils and morphological char-
acteristics [21]. RAPD technique is used for determining the components of
the medicinal plants Astragalus membanaceus, Ledebouriella seseloides and
Atractylodes macrocephala. Components in pharmaceutical formulations have
been identified using single RAPD primer [2].

In the study by Sultan et al. [39], three RAPD primers successfully dif-
ferentiated the Podophyllum species from the northwest of Himalayas. In
another study, three random primers were used for the detection of genetic
variation in Astragalus medicines sold on Taiwan markets [2]. SSCP analysis
of the PCR products was performed to separate the two species of Astragalus
[24]. RAPD analysis was used for the authentication of Glycyrrhiza glabra L.,
differentiating it from Abrus precatorius L. Fifty-two oligonucleotide primers
screened for the detection of original from fake samples. The specified PCR
products clearly distinguish the original and the fake samples having similar
morphology. Thus, RAPD can be used as a complementary tool for quality
control [35].

The dried samples of fruit of Lycium barbarum were distinguished by RAPD
markers [45]. RAPD technique has been used to determine the components of
Chinese drug “yu-ping-feng san”. In this study, the presence of three medicinal
plants was evaluated in formulation using a single primer RAPD [10]. In
another study, three random primers detected genetic variation Astragalus on
Taiwan markets. SSCP analysis of PCR products recognized two species of
Astragalus [9]. RAPD primers identified successfully Atractylodes species from
Chinese formulations purchased from local markets [8].
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Molecular markers in herbal drug technology

RAPD markers are useful in distinguishing different samples of Codonopsis
pilosula [14], Allium schoenoprasum L. [13] and Andrographis paniculata [29]
collected from different geographical regions. Similarly, various samples of
Arabidopsis thaliana [4] are differentiated with ISSR markers.

Inter and intra species diversity have been studied using molecular markers.
Interspecies diversity using RFLP and RAPD markers has been studied in
general such as Glycerrhiza [44], Echinacea [20] and Arabidopsis [23]. RAPD
and RFLP markers for the characterization of species Epimedium [26] have
been used on genetic level. Members of three different species of Scutellaria
[18] and three sub-species of Melissa officinals [43] were detected with RAPD.
Varietal identification and genetic purity of hemp was performed using RAPD
and morphological data [11].

RFLP technique was used to assess the genetic diversity intraspecies in the
genus Capsicum and the DNA fingerprinting of pepper varieties [33]. RAPD
marker was used as a tool to explore the diversity of Simmondsia chinensis L.
Schneider [3], Vitis vinifera L. [40] and Camellia sinesis [42]. Genetic diversity
within and between relationships of Withania [27] and the genetic relationships
between wild relatives of Caricaceae was revealed using AFLP markers [41].
RAPD markers are used for genetic linkage mapping Grandis Eucalyptus and
FEucalyptus urophylla [17]. RAPD markers are used for the genetic mapping
of Tazus bravifolia Nutt. [16]. AFLP physical map of Arabidopsis genome is
provided by AFLP marker [30].

Conclusion

Markers are different in their ability to differentiate, their mechanism of
polymorphism and their genomic coverage. So, they can complement each
other depending on the available techniques. Molecular technology provides
an independent way to describe the medicinal plant materials.
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