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ABSTRACT

Recent advances in molecular techniques have generated several typing methods based on
PCR for genetic assessment of genetic relatedness of plant species. Considering the medicinal
importance of plants, it is essential to explore, discover and conserve genetic diversity of
these plant species. Levels of polymorphisms represent genetic distance at intra-species
level and method used to detect it is efficient marker for assessment of genetic relatedness.
With this background, an attempt has been made to summarize the applicability of different
DNA based molecular Markers for differentiation of Ayurvedic raw drugs and their adulterants
considering the current practices and future perspectives.
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Ayurveda

Traditional herbal medicines those originating from
China, Korea and India incorporate a huge variety and
wide range of plant species with beneficial medicinal
properties that have conventionally been relied to
treat ailments and disease. Ayurvedic medicine
is one of the world’s oldest medical systems that
originated in India, more than 5,000 years ago and
has evolved over thousands of years. These medicines
are getting popularity in recent years, as they are used
as alternatives to the conventional pharmaceutical
drugs / product, mainly because; such products are
natural and have less or no side effects.

The term “Ayurveda” combines the Sanskrit words
Ayur (life) and veda (science or knowledge), thus
‘Ayurveda means “the science of life and art of living”.
Ayurveda, has uniqueness in providing treatment to
humanity. As this system believes in not only treating
the diseases, but also has shown various methods and
procedures in protecting the health of every healthy
individual (Swasthasya swasthya rakshanam).

In the United States, Ayurveda is a system of Indian
traditional form of alternative medicine or considered
as Complementary and Alternative Medicine (CAM).
In 20" and 21+ century, there is an increasing interest
in Ayurvedic proprietary due to the side effects of
synthetic drugs.

Ayurveda is considered to be the oldest healing
science and traces its roots to the Vedic period and is
known as fifth Veda and an upaveda of Atharva Veda.
According to Hindu Mythology, Brahma is regarded
as the Adya (first) Guru of Ayurveda. It stems from
the ancient Vedic culture and the knowledge was
taught in an oral tradition from accomplished masters
to their disciples for thousands of years.

Some of this knowledge was set to print a few thousand
years ago, but much of it is inaccessible. A structured
presentation or making a treatise on Ayurveda had
taken place only between 2™ century B.C. and 10"
century A.D. The recreation of such lost data from the
experiments that spread over years produced perfect
results which are described in concentrated forms in
ancient books like Charaka Samhita, Sushruta Samhita
and Ashtangahridaya. The most popular and authentic
Sambhitas which are still in use, are Charaka and
Susrutha Samhitas.

Ayurveda deals with special concepts to maintain the
health as well as to cure the diseases. As per Ayurveda,
health is a balance between dosha, dhatu and malas.
Imbalance in these factors may lead to disease
condition. Thus, Ayurvedic concepts / treatments are
focused towards maintaining / bringing the health
factors to normal levels. Ayurveda classical texts have
mentioned many herbal and mineral compounds and
their formulations to treat various disease conditions.
Ayurveda has described tetrads of therapeutic
management of diseases in which Bheshaja (Medicine)
stands next to the physician for successful management
of the diseases. Dravyagun vignan is fundamental
inseparable branch of Ayurveda which deals with
study of such dravyas (Bheshajas) and their properties
(Guna), actions (Karma), dose, time of administration
and various preparations of these drugs. The utility of
dravya in Ayurved depends on the ‘Rasa, ‘Guna,
‘Veerya, ‘Vipaka and ‘Prabhava’ which can be
considered as pharmacodynamic principles of drug/
Dravya through which drug action can be assessed.

The texts describe eight branches of ayurvedic medicine:
Internal medicine; Surgery; Treatment of head and
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neck disease; Gynecology, obstetrics and pediatrics; Toxicology; Psychiatry;
Care of the elderly and rejuvenation; and Sexuality vitality.

Ayurvedic herbs and raw drugs

An ayurvedic herb can be defined as any plant “with leaves, seeds or
flowers used for flavouring food, medicine or perfume.l'! As per the
definition provided by the European Parliament and Council, “Herbal
medicinal product is exclusively containing as active ingredients one of
more herbal substances or one or more herbal preparations”

Ayurveda and Traditional Chinese Medicine (TCM) utilize naturally
occurring herbal and animal ingredients in combination with meditation,
dietary regulation and hygienic living with holistic approach. These
treatments have been trusted for more than thousands of years and are
the intrinsic part of Asian cultures.”!

Ayurvedic medicinal products are used popularly by Western people,
either as alongside with prescribed medicine or relied completely for
ailments ranging from acne to cancer. A survey commissioned by
MHRA, in 2008, reported that 35% adults had used herbal medicines
purchased over the counter, on the internet or from a herbal practitioner
or clinic in 2006-07. The global market value for such product was
estimated US $83 billion in 2008.°!

Adulteration and Substitution

The traditional systems of medicine utilize medicinal plants to cure
various ailments but the herbal medicine industry suffers from various
substitution and adulteration of medicinal herbs with closely related
species. The adulteration and substitution of the ayurvedic drugs is the
major concern of herbal medicinal industry which requires immediate
attention to maintain the quality and standards of Ayurvedic medicines
for the betterment of human kind.

Herbal drugs used to treat illness, are often misidentified or adulterated
with similar plant materials. Overuse of the raw material in the form of
roots, barks has made most of the species to be extinct or made them
to fall under the category of RETO (Rare, endangered, threatened and
overexploited). The deforestation and extinction of many species as well
as incorrect identification of medicinal plants has resulted in adulteration
and substitution of raw drugs. Due to adulteration faith in herbal drugs
has declined over the period of time.™

Ayurvedic plants which are usually grown worldwide may not face the
problem of substitution or adulteration like Anethum graveolens,
Foeniculum vulgare, Linum usitatissimum etc., as these plants have
history of cultivation and are widely grown around the world. Identification
of such plant may pose no problems at the time of collection, however
it may be difficult to distinguish leaf and seed material once it is dried
and packaged, for example, Anethum graveolens and Foeniculum vulgare.

Production of ayurvedic drugs or product is often not strictly regulated,
which leads to quality control problems. Identification of the plant
material used for the preparation of drugs after processing or grinding
becomes difficult.

Substitutions

Ayrurvedic Acharyas (Scholars of Ayurvedic) found and identified the
substitute which is context specific; in such condition principle of the
drug is taken into consideration. This provided physician a huge scope
for selection of the drug, which is most appropriate and easily available.
The most essential criteria for substitution are the pharmacological
activity rather than morphology or phytoconstituents. (Table 1)

Need for Substitution

There are various needs for the substitution of raw drug as mentioned by
Sarin, 1996;"° Mishra et al. 2002;! Mukherjee, 2002;1) and Shastri et al.
2005 are as follows:
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I.  Non-availability of the drug

Example - Substitution for Ashtavarga Dravyas (group of 8 highly
potent drugs mentioned in ayurvedic literature).

II.  Uncertain identity of the drugs

Example - For the drug Lakshmana different species such as Arlia
quinquefolia, Ipomea sepiaria are considered.

For the drug Agnimantha different species of Clerodendrum sps and
Premna sps are considered.

III. Cost of the drug
Example - Kumkuma being costly herb, it is substituted by Kusumbha
IV. Geographical distribution of the drug

As Rasna, Pluchea lanceolata is used in Northern India while
Alpinia galanga is considered as Rasna in Southern parts of India.

V. The adverse reaction of the drug

Vasa (Adhatoda vasica) is well known Rakta-Pittahara drug (useful
in bleeding disorders), but due to its abortificiant activity its utility
in pregnant women is limited and instead of that Laksha (Laccifera
lacca), Ashoka (Saraca asoka) etc are substituted.

Criteria for substitution

As per the Aushadhi vignana (Science of medicinal plant), a drug to be
considered as a substitute should fulfill the following criteria

o They should possess similar phytochemically active principles —
Ex. Bharangi (Clerodendrum indicum) and Kantakari (Solanum
xanthocarpum).

o Substitute should exhibit similar therapeutic effects — Pashanbheda
(Bergenia ligulata and Aerva lanata); Ativisha (Aconitum
heterophyllum) and Musta (Cyperus rotundus).

o In the formulation of any drug, the major ingredient should never
be substituted.

A. Substitutions can be with totally different drug

Ex. Bharangi (Clerodendrum indicum) and Kantakari (Solanum
xanthocarpum) produce glycosides and have shown antihistaminic
activity. Both of these are commonly associated and used in the
treatment of respiratory problems.

B. Substitutions can be from different families

This is mainly because of the same local / ayurvedic names to
two different plant species. Ex. Gokshura - Tribulus terrestris
(Zygophylaceae)haschemicalconstituentslikechlorogenin,diosgnin,
rutin, rhamnose, alkaloids and Pedalium murex (Pedaliaceae) has
sitosterol, ursolic acid, vanillin, flavanoids and alkaloids. Both these
are known to have nephroprotective, lithotriptic, diuretic and
hepatoprotective activities, therefore both appear to be appropriate.
C. Substitution from same Genus

Datura metal and Datura stramonium have chemical constituents
like alkaloids, scopolamine, atropine, hyocymin, lyoscine; alkaloids
are proved as bronchodialatory and inhibitor of secretion of mucus
membrane. Alcoholic extracts is useful in this case. Thus, as far as
respiratory tract diseases are concerned both the drugs are beneficial.

D. Substitution of different parts of the same plant

The roots of Sida cordifolia is usually substituted by the whole plant
of Sida cordifolia. Root has sitoindoside, acylsteryglycoside and
whole plant has alkaloid, hydrocarbons, fatty acids, ephidrin. Various
extracts showed antibacterial, antioxidant, hypoglycemic and
cardio tonic activities. These are found to be equally effective when
used as medicinal drug.

Manjishta (Rubia cordifolia) roots are often substituted with whole
plant due to less availability of the roots.
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Table 1: Commonly substituted drugs in Ayurveda.

Sr. No. Common hame Botanical name Substitute drug Botanical name
1 Ahimsa Capparis sepiaria Manakanda Alocasia indica
2 Amlavetas Garcinia pedunculata Chukra Garcinia indica
3 Ativisha Aconitum heterophyllum Mustaka Cyperus rotundus
4 Bakula Mimusops elengi Kamala Nelumbo nucifera
5 Bakula (bark) Mimusops elengi Babul bark Acacia arabica
6 Bhallataka Semecarpus anacardium Nadi Bhallataka Semecarpus travancorica
7 Bharangi Clerodendrum serratum Kantakari Solanum xanthocarpum
8 Chavya Piper chaba Pippali(root) Piper longum
9 Chitrak Plumbago zeylanica Danti Baliospermum montanum
10 Dadim Punica granatum Vrikshamla Garcinia indica
11 Dhanavayasa Fagonia cretica Duralabha Alhagi pseudalhagi
12 Draksha Vitis vinifera Kashmari phala Gmelina arborea
13 Tkshu Saccharum officinarum Nala Arundo donax
14 Jatipatra (Aril) Mpyristica fragrans Lavanga Syzigium aromaticum
15 Jatipatra (Aril) Myristica fragrans Jatiphala (fruits) Myristica fragrans
16 Kakoli Lilium polyphyllum Asvagandha Withania somnifera
17 Karpua Cinnamomum camphora Granthi parna Leonotis nepetafolia
18 Kshirakakoli Fritillaria roylei Asvagandha Withania somnifera
19 Kusha Desmostachya bipinnata Kasha Saccharum spontaneum
20 Kutherika Ocimum basilicum Gramya tulasi Ocimum sanctum
21 Murva Marsdenia Tenacissima Jinghini Lannea coromandelica
22 Nagapuspa Mesua ferrea Padma kesar Nelumbo nucifera
23 Puskar mool Inula racemosa Kustha Saussrea lappa
24 Puskar mool Inula racemosa Eranda (root) Ricinus communis
25 Riddhi and Vriddhi Hobenaria spp Varahikanda Dioscorea bulbifera
26 Tagar Valeriana wallichii Kustha Saussrea lappa
27 Tulasi Ocimum sanctum Nirgundi Vitex negundo

Source: (Sastry, 2002; Chunekar, 2004; Poornima 2010).10-12)

Adulteration

It is the substitution of the original crude drug partially or fully with some
other substances, which may have inferior or may not have therapeutic
and chemical properties at all,'"? or low grade or spoiled drugs or
entirely different drug similar to that of original drug substituted with an
intention of gaining profits.”!*!

Therefore, adulteration may also be defined as mixing or substituting the
original drug material with other spurious, inferior, defective, spoiled,
useless other parts of same or different plant or harmful substances or
drug which do not confirm with official standards.!"

Types of adulteration

I

II.
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Adulteration with inferior or substandard commercial varieties
When adulterants resembles the original crude drug morphologi-
cally, chemically, therapeutically but is of low standard in nature
and cheaper in respect with cost, this is the most common type of
adulteration observed with market samples.[!>14l

Ex. Piper nigrum (Maricha) adulterated by Papaya seeds.
Adulteration with artificially manufactured substitutes

The drug is adulterated with the substance which has been prepared
artificially and resembling the crude drug. This method is usually
followed for the costlier drugs.['>'4]

II1.

Iv.

VL

Ex. Adulteration by invert Sugar for Honey
Adulteration by exhausted drugs

In this type same drug is admixed, but it is devoid of the mechani-
cally active substances, as usually it has been extracted already.
Mainly volatile oil containing drugs like clove, coriander, fennel are
adulterated by this method. As it is devoid of colour and taste due to
extraction, natural colour and taste is manipulated with additives.

Ex. Use of Clove, Fennel
Adulteration by heavy metals

Heavy metals are added in the drug to increase the volume and
weight of the samples and such adulteration is always harmful.

Ex. Addition of pieces of limestone in Asafoetida (Hing),
Use of lead in Opium
Adulteration by synthetic preparations / principles

This is carried out when synthetic chemicals are used to enhance
natural character of the exhausted drug.'>'

Ex. Using Citral oil in place of lime oil or orange oil.
Vegetative matter adulterant

Some miniature plants growing with the medicinal plants are
added, knowingly or un-knowingly due to their colour, odour and
constituents.™
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VII. Harmful adulterants

Some harmful materials as the adulterant are collected from market
waste materials and admixed with drug. This is usually done for the
liquid drugs.!"
Ex. Argemon mexicana seed oil mixed with mustard (Brassica nigra)
oil can cause harmful effects like nephrotic syndrome, skin rashes
etc

VIII.Adulteration of powders
The drugs which are in powder form are usually adulterated.
Ex. Fruit hair powder of Kampillaka (Mallotus philippinensis) is
of brick red colour, having the best vermicidal effect and is often
adulterated with brick powder,!"” Dextrin is added in ipecacuanha
(dried root powder of Cephaelis ipecacuanha),

Red sandlers wood in capsicum powder

Powder drug of Kapikachu (Mucuna pruriens) is often adulterated with
Mucuna cochinsinensis or Mucuna utilis, depending upon the availability
of the species. Mucuna pruriens (L) DC. Is available all over India and is
quoted as Kapikachu by many research scholars / physicians and modern
textbooks of Ayurveda. In most of markets of India especially in northern
parts Mucuna cochinchinensis (Lour.) A. Chev. (White variety) plant
seeds are being used as Kapikachu. Mucuna cochichinensis (Lour.) A.
Chev. (Black variety) seed are used as Kapikachu in the southern parts
of the country, especially in Kerala by Ayurvedic physicians. Seeds of
Mucuna pruriens are adulterated with Mucuna utilis and Mucuna
deeringiana due to the similarity in morphology. Apart from this,
Mucuna cochinchinensis, Canavalia virosa and Canavalia ensiformis are
also sold in Indian markets.>'*! All these varieties have been estimated to
have varied level of L-dopa. L-dopa is a one of the major component of
Mucuna sps responsible for spermatogenesis, due to which Kapikachu is
used in ayurvedic practices for the treatment of infertility.!'*!”!

Causes / reasons of Adulteration and Substitution

Thedeforestationandextinctionofmanyspeciesandincorrectidentification
of many plants has resulted in this adulteration and substitution of
raw drugs. The concept of substitution ages back found in Ayurveda
in the treatises like Bhavaprakasha and Yogaratnakara mentioning the
substitute plants / drugs. This article enlightens the present scenario of
the concepts of substitution and trends of adulteration. The lack of
cultivation practices, the possibility of inaccurate taxonomic identification
at the time of collection and long supply chain from harvesting site to
market provides many opportunities for substitution or adulteration of
the raw drugs.

In particular, adulteration with morphologically indistinguishable species
arise the problem in identification of the material. Ambiguous taxonomy
due to confusion between Latin nomenclature and local or vernacular
naming / terminology also enhances the problem. Fraudulent substitution
using less potent / valuable species or masking of endangered species is
responsible for less potency of medicines in curing the disease.

In Ayurveda, ‘Parpatta’ refers to Fumaria parviflora and in Siddha, it
refers to Mollugo pentaphylla. Owing to the similarity in the names in
traditional system of medicine, these two herbs are often interchanged
or adulterated or substituted. Usually in Southern parts of India Mollugo
pentaphylla is used as Parpatta due to the popularity of Siddha system of
medicine and in Northern parts, Fumaria parviflora is used.!"! Casurina
equisetifolia for Tamarix indica and Aerva lanata for Berginia ciliate are
some other example for adulterations due to confusion in names."!

Duetothelackofknowledgeaboutauthenticsourceofthedrug,adulteration
in Ayurveda is often observed. ‘Nagakesar’ is one of the important
drugs in Ayurveda, used to treat the bleeding disorders as a coagulant.
The authentic source of ‘Nagakesar’ is Mesua ferrea, however, market
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samples are often adulterated with flowers of Calophyllum inophyllum.
Another reason of its adulteration could be availability of the Mesua ferrea
in the Western Ghats and Himalayan regions."!

Increasing demand of the ayurvedic raw drugs and unstable financial
environment have provided the impetus behind adulteration of the
product with other species of a plant, heavy metals and pharmaceutical
substances. The booming traditional Chinese medicine and Ayurvedic
industry has resulted in the scarcity of wild species which are commonly
incorporated in the drug preparations. Familiar example for this
statement is, American ginseng (Panax quinquefolius) and Asian ginseng
(Panax ginseng) are at the risk of extinction due to unregulated trade
and were recently included in the Convention on International Trade in
Endangered Species (CITES), appendix I1."*'*! Panax ginseng is highly
effective than Panax quinquefolius, but roots are not distinguishable when
sliced or processed, which leads to the fraudulent substitution practices.!')

Lack of authentic plant in a particular geographic region is also one of the
important reasons for adulteration. Hypericum perforatum is cultivated
and sold in European markets. In India, availability of this species is
limited; however Hypericum patulum is abundant in Indo-Nepal region
and is sold in place of Hypericum perforatum.® In place of Berberis aristata,
a plant available at the high altitude (Northern parts of India) locations
is being adulterated with Coscinium fenestratum, which is available in
plains (Southern parts of India).

With the course of time, drug materials get changed to or substituted
with other plant species. In past, roots of Ventilago madraspatana
were collected in the past as a raw material for the drug ‘Ratanjot]
while recently Arnebia euchroma-vareuchroma is the present source for
‘Ratanjot’®!

Carelessness of herbal field collectors and suppliers of the herbal plants
is the cause of adulteration. For the instance, Parmelia perlata is used in
Ayurveda, Unani and Siddha, is most of the time admixed with Parmelia
perforate and Parmelia cirrhata; mainly due to the identification of the
herb is by their thallus nature.!

Drawbacks of substitution and adulteration

The efficacy of the drug decreases if substituted and in some cases, can
be lethal if adulterated with toxic adulterants. Substituting one species
for another may have minimal effect on product’s efficacy but in some
cases the beneficial effect of product may be lost completely. Many times
substitution within certain plant families could be fetal, especially
Apiaceae and Solanaceae, as medicinal and culinary plant species may
look very similar to the poisonous species. Correct formulation is
important for the medicinal herb for being effective in curing or in the
treatment of any disease.

Adulteration of herbal medicines can put consumers at risk of unknown
chemical interactions with other drugs and can be allergic to the patients.

Identification and barcoding of Ayurvedic herbs

Medicinal plants which are widely used throughout the world are
often in the form of packaged herbal preparations manufactured by
either different pharmaceutical companies of manufacturers. For such
preparations raw material is predominantly collected from the wild
source. Barcoding of raw ingredients can confirm or disprove the identity
of medicinal plants before they are processed.

Traditional approaches for identification of herbal products include
morphological examination of phenotypic characteristics, microscopy
and chemical analysis. These traditional methods of medicinal plant
identification include organoleptic methods (i.e identification by shape,
colour, texture); and chemical profiling (i.e. Thin Layer Chromatography;
High Performance Liquid Chromatography- UV; High Performance
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Liquid Chromatography-Mass Spectrocopy). Morphological and
microscopic assessment requires skills and experience that are
increasingly scarce as well as these are proven to be subjective. Such
identification technique also has disadvantage that experts do not
always agree upon the same species identity. Current chemical detection
methods identify the contents of herbal medicines using absorbance
spectra of chemically characteristic metabolites. High Performance
Liquid Chromatography (HPLC) is most common method for analysis
of ayurvedic and herbal medicine components. HPLC in tandem with
mass spectroscopy could resolve such identification problems in better
way chemically on the basis of molecular weight. Though chemical
analysis is used for primary detection of the compounds present in the
sample, it lacks the accuracy when species or population determination
is required.”?”

Chemical fingerprinting can often be heterogeneous within one species,
as it depends on the age of plant or soil effect on the plant, or altitude
at which plant is grown etc. These methods are reliable to detect the
presence of heavy metal or other pharmaceuitical compound; however
these are not sufficient in detection of trace amounts of a single herbal

species in a mixed sample.!

However, neither of the above-mentioned methods can identify the
related species easily in processed products because the former method
requires trained personal for macroscopic and microscopic examinations.
In the later method, chemical profile of markers may be affected by
physiological and storage conditions.

Solution to resolve both the ambiguity of species identification using
morphological examination and the chemical analysis may lie in the
study of the molecular composition of a herbal plant.

Molecular biomarkers

The product barcode has become a universal feature of modern life.
A barcode is a machine-readable digital tag, usually a series of stripes,
which encodes information about the item to which it is attached. The
barcode can include some systematic or ‘taxonomic’ information yielding
data such as origin, major classification, date, type etc. Similar universal
system is used in publishing, where the ISSN / ISBN uniquely identify
the book, publisher and edition.

Molecular barcoding methods are reliable tools for the identification of
medicinal plants, their substitutes and adulterants at the genus, species
and many times up to varietal level. DNA barcoding provides consistency
and reliability in terms of results regardless of the age, plant part or
environmental conditions where plant grows. DNA is ideal to analyte as
it is present in all parts of the plant and has the potential to be detected
even after mechanical processing and heat treatment.

Due to rapid increase in demand of herbal remedies, there is need for
accuracy in identification and authentication of the Ayurvedic plant
material. Therefore, it is necessary to provide a sole, extensive database
with DNA data for easy and scientifically correct identification.

Taxonomy of the medicinal plant at DNA level provides more reliable tool,
as in contrast to RNA, DNA is stable macromolecule that is not affected
by external factors and is found in all tissues. Therefore, development of
DNA-based markers is important for authentication of medicinal plants.

The increased availability of accurate species-specific DNA sequence
information facilitated by the establishment of open access database has
laid the foundations for DNA molecular approaches to impart specific,
sensitive and reliable identification of herbal medicinal plants and their
products.?

A DNA barcode derived from the sequence of a part of the genome of
the organism theoretically can carry both specific as well as systematic
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data. Evolutionary aspect qualitatively differentiates DNA barcodes from
others.

DNA barcoding

It is a method of identifying an organism based on sequence data from
one or several gene regions. DNA barcoding involves the generation of
DNA sequencing data from particular genetic regions in an organism
and the use of these sequence data to identify or “barcode” that species
and distinguish it from others. The term DNA barcode as taxon identifiers
was first proposed by Paul Hebert of University of Guelph in 2003.2
There are several challenges to the successful implementation of plant
DNA barcoding despite of which, DNA barcoding has potential to
uniquely identify medicinal plants and provide quality control and
standardization of the plant material supplied to the pharmaceutical
industry. DNA barcoding is a desirable tool for ayurvedic product
authentication.

The novel technique of identifying biological specimens using short
DNA sequences from either nuclear or organelle genomes is called DNA
barcoding. Main principle of barcoding is matching the sequence data
from a query sample (may be an unknown specimen) to a reference
sequence (from voucher specimen and/or allied specimens).

Molecular methods for detection and identification of species in herbal
medicinal products have clear potential to be fit for purpose, as samples
can be identified regardless of appearance and chemical constituents
(which may vary according to the tissue type, growth conditions or age
of the sample) and the sample can be taxonomic mixture. DNA molecule
is ubiquitous in nature and it is expressed at all developmental stages of
a cell’s life cycle, as well as DNA molecule is robust enough to remain
relatively intact even when subjected to high temperatures and highly
processed chemical reactions. DNA barcoding is completely specific
and demonstrate reliable sensitivity and can be used even at the low
concentrations of herbal samples.

Barcoding has multiple applications and has been used for ecological
surveys,®! cryptic taxon identification®” and confirmation of medicinal
plants.”® DNA barcoding not only helps in the identification of species
but also defines species boundaries and species delimitation. %"

In plants the mitochondrial genes are slowly evolving, with very low
substitution rates and were not suitable for barcoding, as they are
commonly used in animals and fungal taxonomy. Due to these reasons
search for plant barcode shifted to chloroplast and nuclear genomes with
high substitution rates.

Methods used in DNA barcoding

PCR based DNA barcoding methods include RFLP, AFLP, RAPD, SSR,
ISSR, hybridization, microarrays, sequencing of genomic regions as well
as DNA chip technology used to identify traditional Chinese medicinal
materials.”?® DNA fingerprinting can be achieved using various methods
as they yield barcode-like data, but these are less optimal for a molecular
taxonomy because of problems with high variability within taxon and
lack of confident assignment of orthology between markers. (Figure 1)
DNA sequencing can overcome these hurdles. With sequence based
molecular taxonomy, a single technique is applicable to all taxa: extract
DNA, PCR and sequence. Different gene regions can be used for DNA
barcoding of the plant, for which various studies have been carried out
and are discussed in the chapter.

RFLP (Restriction Fragment Length Polymorphism)
technique

Advent of Restriction Fragment Length Polymorphism (RFLP) was a
significant historical milestone in the hunt for molecular polymorphism.
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This technique exploits the presence of nucleotide substitutions or
insertions or deletions within the restriction sites of enzymes isolated
from bacteria and archaea. These restriction endonucleases amplify the
genomic products after digesting the DNA at the restriction site and
produce fragments of varying length. When samples are compared using
this technique and if they are different from each other then polymorphism
will be observed. This polymorphism can be visualized by gel
electrophoresis and for large genomes, by Southern blot.?”) This
technique is highly reproducible, but it is time consuming and labour
intensive.

AFLP (Amplified Fragment Length Polymorphism)
technique:

Vos et al.* Combined RFLP with selective PCR amplification to create
AFLP. In this technique, adapters are ligated to the ends of the restriction
site of newly cleaved fragments of DNA after digestion with restriction
endonucleases. Primers are designed to anneal to these fragments and
extend into restriction site so as to get selective amplification sequences.
Ghosh et al.® Designed an AFLP assay successfully to distinguish and
discriminate between Zingiber officinale and its common adulterant
Zingiber sps. In their study, they found that seven set of primers can
produce 99.7% polymorphism.

RAPD (Random Amplified Polymorphic DNA) technique:

RAPD was developed by Williams et al.*? To overcome the economic
and temporal losses of RFLP. Amplification of DNA is carried out by
using single arbitrary primer, which will produce varying sized fragments
for different species. Primers which are used in the RAPD are less
stringent than that of restriction enzymes therefore this technique lacks
reproducibility.

Shinde et al.®® Identifies the three main components of an ayurvedic
medicine using RAPD technique. For this success they screened 120 sets
of primers and then one was selected for discriminating between three
known species.

This technique has been used by Shirolkar et al.t¥ To differentiate the
Marsilea minuta from Marselia quadrifolia which are difficult to identify
when dried. Similar results were obtained when different species of
Desmodium were analyzed and differentiated using RAPD technique."!
RAPD technique has been used for differentiating the varieties of Kapikachu,
as it possess the spermatogenesis property and used in Ayurveda for
treating the related ailments. This is carried out by the authors because
Mucuna pruriens is often adulterated with the Mucuna cochinsinesis as
per the availability of the raw drug. Shah et al.®® Created the baseline
data to study the genetic markers of Mucuna species as the information
on the genetic diversity of Mucuna.

ISSR (Inter Simple Sequence Repeats) technique

ISSR is stretches of DNA that are present between repeat motifs in DNA.
For this technique PCR primers are designed to anneal the repeat motifs
and amplify the intervening genomic regions. Level of polymorphism
will decide the number of PCR products and the method is often referred
as DNA fingerprinting.®”

Geographically distinct Asparagus acutifolins plants were analyzed
using ISSR technique and found that it is appropriate for closely related
accessions.t¥

SSR (Simple Sequence Repeat) technique

In this technique primers are designed to amplify the repetitive DNA
sequence which can vary in size between closely related plant varieties
based on number of repeat motifs. It is obligatory for the method to
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sequence the information for plant species. It is a genetic mapping
technique which utilizes the fact that microsatellite sequences “repeat”
(i.e. appear repeatedly in sequence within the DNA molecule) in a manner
enabling them to be used as “markers” Genetic characterization of
Rhodiola rosea L. was performed by Soni et al.** using SSR markers and
their results showed a significant gene flow between the populations of
studied plant.

SCAR - PCR (Sequence Characterized amplified region —
Polymerase Chain Reaction) technique

Polymorphic fragments produced by RAPD and ISSR can be sequenced
to design primers for SCAR-PCR. It is technique which has become
popular for the detection of adulterants in herbal medicines.?! This
technique is more reproducible than RAPD and ISSR methods, as
amplification of a single target results in a clear presence or absence,
therefore this method is used in the detection of single species.

Gene regions used as DNA barcodes

Molecular DNA approaches for speciation and taxonomic studies often
capitalize upon genes that are universally present in eukaryotic genomes,
such as 18S ribosomal RNA subunit gene. Within these sequences highly
conserved DNA regions are present, which can be easily used for
species differentiation."”! Use of such universal primers often facilitates
rapid and detailed species information from DNA sample. But as per
the name, “Universal” primers do not exclusively target species specific
DNA sequences and often create confusion when closely related species
are studied.

The consortium for the Barcode of Life Plant Working Group (GBOL)
evaluated seven chloroplast genomic regions across the plant kingdom
and proposed a combination of maturase K (matK) and ribulose
1,5-bisphosphate carboxylase/oxygenase large subnut (rbcL) as plant
barcodes.*!! High universality but less species resolution is provided by
rbcL whereas matK affords high resolution but less universality.**!

Plastid genes are uniparentally inherited, so reliance on these sequence
may lead to incomplete analysis when alloploid (an organism containing
the genetic information of two or more species) or hybrid species are
encountered.>*! The Internal Transcribed Spacer regions (ITS and
ITS2) in ribosomal DNA have great deal of interest as alternatives or
supplements to the plastid genes.

A combination of matK and rbcL can help to achieve maximum species
discrimination and differentiation. According to Cameron et al.!* and
Singh et al.'® in closely related species discrimination ability of these
two markers is low. Therefore, China Plant BOL Group proposed the
addition of nuclear ITS (Internal Transcribed spacer) as plant barcode,
in order to achieve maximum accuracy in identification of medicinal
plants.[!

AlongwithmaturaseK (matK)andribulose 1, 5-bisphosphate carboxylase/
oxygenase large subnut (rbcL) several chloroplast gene regions are
typically used as plant barcodes.*! The matK is located in the large single
copy region of chloroplast genome, nested between the 5” and 3’ exons of
trnK, t-RNA-lysin. The space region between tRNA-His and photosystem
I protein D1 (trnH-psbA spacer) and nuclear internal transcribed spacer
2 (ITS2) are also widely used.?*#4! The trnH-psbA spacer is among the
most variable plastid region in angiosperms. It is popular tool for plant
population genetic and species level authentication.*>**! The combination
of rbcL, trnH-psbA provided the most accurate and efficient barcoding
tool for the authentication of Cassia medicinal plant products.*"*!
Many barcode regions (matK, rbcL, ITS, ITS2, psbA-trnH, atpFE, ycf5,
psbK-1, psbM trnD, coxl, nadl, rpsl16, trnL-E rpoB, rpoCl, atpF-atp-H)
of medicinal plants were recently reported to aid in the authentication
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and identification of medicinal plant materials.”**! According to Techen
et al.®® the majority of barcoding regions mentioned in the literature
were ITS (26 references), ITS2 (9 references), psbA-trnH (21 references),
matK (19 references), rpoC1 (6 references), rpoB (4 references), trnL-F (3
references) and rbcL (14 references).

Twelve genomics regions of 95 samples were analyzed by Zuo et al.l*!
And demonstrated that the psb-trnH and ITS combination would be
sufficient for the identification, which was true for the samples they used
in their study. Whereas, for other medicinal plant samples analyzed by
Guo et al.”* and Sui et al.*! it was observed that the combination up to
three genomic regions (matK, rvcL, ITS, psb-trnH) provided accuracy in
the identification.

Chen et al.* analyzed more than 6600 plant samples belonging to 4800
species from 753 distinct genera using different genomic regions such as:
psb-trnH, matK, rbcL, rpoCl, ycf5, ITS and ITS2. From their data it could
be concluded that, ITS2 of nuclear ribosomal DNA is the most suitable
(92.7% successful) region for DNA barcoding applications.

He et al.®" and Selvaraj et al.”® also analyzed multiple genomic barcode
regions and suggested that ITS or ITS2 show the highest discrimination
rate among the samples. But, as per the contrasting opinions of Asahina
et al.™ Ma et al.'®! Tezcan et al.!" Sun et al.*” and Liu et al.* the highest
discrimination and accuracy was found to be from psbA-trnH and matK.

Theodoridis et al.* when analyzed the medicinal plants of Lamiaceae
family, using matK, rbcL, psb-trnH and showed that matK and psb-trnH
were useful as in discriminating the species.

Single barcode-regions for identification have been reported for
matK.[50,61,63,65—82]

Multi-region approach to the barcoding is supported by most of the
literature.****%) Such multi-gene (matK and trnH-psbA) approach was
explored in the identification of ethnomedicinal plants (Catharanthus
roseus (L.) G. Don., Alstonia scholaris (L.) R.Br.., Thevetia peruviana
(Pers.) Merrill, Calotropis gigantean (L.) R.Br. Ex Ait) from Apocynaceae
family through barcoding.®®

An attempt was made to identify the medicinal plant genus Paris, using
DNA barcoding technique by Zhu et al.* Five chloroplast sequences,
psb-trnH, rpoB, rpoCl, rbcL, matK and one nuclear marker, ITS2 were
amplified and sequenced. They concluded that ITS2 can be used for
accurate identification of Paris. Importance of ITS2 as barcode was also
supported by Pang and Chen.®®!

The identification of various species using Internal Transcribed
Spacer (ITS) as DNA barcode was successfully conducted for Rauvolfia
serpentina (L.) Bth., Crotalaria juncea L., Jatropa curcas L., Jatropa
gossypifolia L., Pongamia pinnata L.) Pierre., Turnera ulmifolia L., Butea
monosperma (Lam.) Taub Var. Monosperma, Ricinus communis L. and
Xanthimum indicum Koen.®™ ITS region is shown to distinguish the
medicinal plant Boerhavia diffusa from its adulterants and potential of
the ITS region as barcoding region was confirmed."®!

DNA barcoding for Apiaceae family of angiosperm was carried out by
Liu et al.® Mainly to identify the medicinal plant species from this
family and their adulterants. A total of 6032 sequences representing 1957
species in 385 diverse genera were sampled, of which 211 sequences
from 50 individuals (representing seven species) were newly obtained.
For the barcoding rbcL, matK, psbA-trnH ITS and ITS2 markers were
used. Their results confirmed that ITS or ITS2 could be better option
when incorporated into the core barcode for Apiaceae and combination
of ITS/ITS2 + psbA-trnH has much potential value as a powerful standard
DNA barcode for Apiaceae identification.

Vassou et al.”” conducted a case study to authenticate the market samples
of Sida cordifolia using DNA barcoding method (rbcL, matK, psbA-trnH
and ITS markers). Their observation suggested that, it is wrong belief
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I | ]
18S 5.8S 28S
IGS intron IGS
[ | | .
tmTyey trnLjas trnLya,  tMFgan
5" exon 3’ exon
IGS

rbcL accD

Name Primer sequence 5-3' Taxonomic group Reference

rbel primers Vascular plants

rbelaf ATGTCACCACAAACAGAGACTAAAGC Levin, 2003

rbclaR GTAAMATCAAGTCCACCRCG Kress & Erickson, 2007
rbeLaf634R GAAACGGTCTCTCCAACGCAT Fazekas, 2008

matK primers Flowering plants

Math-1RKINF ACCCAGTCCATCTGGAMATCTTGGTTC Ki-Joong Kim, pers. comm.
Matk-3FKIM-r CGTACAGTACTTTTGTGTTTACGAG Ki-Joong Kim, pers. comm.
Mati_390f CGATCTATTCATTCAATATTTC Cuenoud et al. 2002
Mat_1326r TCTAGCACACGAAAGTCGANGT Cuenoud et al. 2002
psbA-trnH primers Vascular plants

psbA3_f | GTTATGCATGAACGTAATGCTC Sang et al. 1997
tmHf_05 | CGCGCATGGTGGATTCACAATCC Tate & Simpson, 2003
ITS2 primers Vascular plants

ITS2.82F [ ATGCGATACTTGGTGTGAAT Chen et al. 2010

ITS4 | TCCTCCGCTTATTGATATGC White et al. 1990

ITS primers Fungi

ITS5 GGAAGTAAAAGTCGTAACAAGG White et al. 1990

ITS4 TCCTCCGCTTATTGATATGC White et al. 1990

ITS1 TCCGTAGGTGAACCTGCGG internal White et al. 1990

ITS2 GCTGCGTTCTTCATCGATGC internal White et al. 1990

1153 GCATCGATGAAGAACGCAGC internal White et al. 1990

Figure 1: Diagrammatic representation of plant barcoding genes.
(Source: CCDB protocols)

that medicinal plants are generally substituted or adulterated with closely
related species, as none of the samples obtained from market belonged
to the authenticate species. Seventy-six per cent of the market samples
belonged to other species and 24% of the samples were from other
genera. Such substitutions will definitely fail to give the expected
therapeutic effect and may give undesirable or sometimes lethal effects.

Rai et al.” Supported the use of ITS2 region for DNA barcoding of
authentic and substitute samples of herb of the family Asparagaceae and
Ascepiadaceae.

Challenges in DNA barcoding and solutions

There are several potential challenges in barcoding because of which this
technique seems to be difficult for identification of the medicinal plants.
For instance some challenges which could be mentioned are, presence of
biologically active secondary compounds or metabolites, including
tannins, alkaloids, polyphenols, flavonoids and polysaccharides, all of
these can inhibit the DNA extraction and amplification by co-precipitating
with or binding to DNA. Isolation of pure, high molecular weight
DNA from processed medicinal plant material is critical for the successful
application of molecular techniques. This challenge could be overcome
by either using various commercial kits or modified traditional methods
for DNA extraction. Along with these Sirkinen et al. (2012), found
strong negative correlation between amplicon size and PCR success,
indicating that shorter fragments are easier to amplify from herbarium
DNA, for example genomic region trnLP6 loop (10-143 bp) is easier to
amplify than amplifying rbcL (670 bp).
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Availability of single reference sequence can create problem or can
interfere in the reliability of results generated using barcoding technique.
This can be avoided by including sister species and other closely related
taxa to ensure species-level specificity.

Certain gene regions like, rbcL, trnL, trnL-F intergenic spacer, has universal
primers, which work for most of the plants. Other regions like matK is
found to be more variable and may require to custom the primer for
each plant.*>*! Along with this, use of single gene region may not give
complete reproducible results. The combination of barcode regions that
discriminate related species will have to be determined separately for
every medicinal plant. Availability of reference sequences for the entire
gene regions for each medicinal plants could lead to non-confirmation of
the identification of target plant.*

Another important challenge in DNA barcoding of market samples is
the age and condition of the plant at the time of collection, conditions
of drying, processing and transporting. The quality of DNA is likely to
be lower in such plant samples. Depending on the plant part collected,
it may be difficult to extract DNA, especially in the case of bark or sap.

Species identification and phylogenetic analysis requires accurate multiple
sequence alignment, which is time-consuming and highly complicated
if multiple indels are present. This problem can be avoided if pairwise
alignment software is used.”*?

Despite of all the challenges DNA barcoding has the potential to uniquely
identify medicinal plants and provide quality control and standardization
of the plant material supplied to the pharmaceutical industry.”!

Data Availability

It is important and desirable to have access to a single barcode library for
medicinal material used. Currently, several barcode libraries are freely
accessible. !

1. BOLD: The Barcode of life data system — http://www.barcodinglife.com
2. CBOL: Consortium of the barcode of life - http://www.barcodeoflife.org/
3.iBOL: International Barcode of life project — http://www.ibol.org/

4. The GenBank online genetic sequence database — http://www.ncbi.
nlm.nih.gov/genbank/

5. MMDBD: Medicinal Materials DNA Barcode
http://137.189.42.34/mherbsdb/index.php

6. The GDR: Genome Database for Resource - http://www.rosaceae.org/

ACKNOWLEDGEMENT

The authors are thankful to Director General, CCRAS, New Delhi, India,
for providing the necessary facilities.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. McKean E. The New Oxford American Dictionary (2" edition). Oxford University
Press. 2005.

2. Gutteridge A, Burns M. The application of DNA molecular approaches for the
identification of herbal medicinal products. Journal of the Association of Public
Analysts. 2013;41:53-66.

3. Ipsos MORI Report Results on Herbal Medicines. Public Perceptions of Herbal
Medicines: General Public Qualitative and Quantitative Research.s Press
Release. 2008. http://www.mhra.gov.uk/NewsCentre/Pressreleases/CON036071.
Fullreport: http://www.mhra.gov.uk/home/groups/comms-po/documents/news/
con036073.pdf

4. Dubey NK, Kumar R, Tripathi P Global promotion of herbal medicine: India’s
opportunity. Current Science. 2004;86(1):37-41.

5. Sarin YK. lllustrated Manual of Herbal drugs used in Ayurveda joint Publication
of C.S.I.R and I.C.M.R, New Delhi. 1996.

6. Mishra BS, Vaishya R. Bhava Mishra's Bhavaprakasha Choukamba Sanskrit

Database -

Pharmacognosy Reviews, Vol 14, Issue 27, Jan-Jun, 2020

~

20.

21

22.

23.

24.

25.

26.

27

28.

29.

30.

31

32.

33.

34.

35.

sansthan, Varanasi, UP 10" Edition. 2002.

Mukherjee PK. Quality control of herbal drugs: An approach to evaluation of
botanicals. Business Horizons. 2002.

. Shastri A. Baishajya Ratnavali. Chaukambha Sanskrit Sansthan, Varanasi, UP.

2005;18.

. Billore KV, Yelne MB. Data Base on Medicinal Plants used in Ayurveda. New Delhi;

C.C.R.A.S. 2005;7.

. Sastry R. Bhaishajya Ratnavali of Govind Das Sen. Varanasi: Chaukhamba

Sanskrit Bhavan. 2002.

. Chunekar KC. Bhavaprakasa Nighantu of Bhavamisra. Chaukhambha Bharati

Academy, Varanasi. 2004,

. Poornima B. Adulteration and Substitution in herbal drugs: A critical analysis.

International Journal of Research in Ayurveda and Pharmacy. 2010;1(1):8-12.

. Kokate CK, Purohit AR Gokhele SB. Pharmacognosy. Chapter6, Edition 39,

Nirali Prakashan, Pune. 2007;97-8.

. Prakash O, Jyoti AK, Manna NK. Adulteration and substitution in Indian medicinal

plants: An overview. Journal of Medicinal Plant Studies. 2013;1(4):127-32.

. Dubey MK, Agarwal V. Effect of Kampillaka (Mallotus philippinensis) Churna on

Intestinal worms. Ayurpharm Int J Ayur Alli Sci. 2013;2(1):1-5.

. Singh HK, Parveen |, Raghuvanshi S, Babbar SB. Loci recommended as

universal barcode for plants on the basis of floristic studies may not work with
congeneric species as exemplified by DNA barcoding of Dendrobium species.
BMC Res Notes. 2012;5(1):42.

Murthy SN, Malgaonkar MM, Shirolkar AR, Pawar SD, Sangvikar SG, KulkarniYR.
A comparative assessment of pharmacologically active principles and anti-
oxicdant activity of commonly occurring Mucuna sps in India. International
Journal of Ayurveda and Pharma Research. 2015;3(11):8-13.

. WWF report on the status of Panax ginseng and P quinquefolius http://wwif.

panda.org/what_we_do/endangered_species/ginseng/ Addition of Panax ginseng
to CITES appendix II: http://www.cites.org/eng/cop/11/prop/54.pdf

. Leem K, Kim SC, Yang CH, Seo J. Genetic identification of Panax ginseng and

Panax quinquefolius by pyrosequencing methods. Bioscience, Biotechnology
and Biochemistry. 2005;69(9):1771-3.

Chen S, Yao H, Han J, Liu C, Song J, Shi L, et al. Validation of the ITS2 region
as a novel DNA Barcode for identifying medicinal plant species. PLoS One.
2010;5(1):8613.

Singh DP Srivastava SK, Govindarajan R, Rawat AKS. High performance liquid
chromatographic determination of bergenin in different Bergenia species. Acta
Chromatographica. 2007;19:246-52.

Hebert PDN, Cywinska A, Ball SL, DeWaard JR. Biological identifications
through DNA barcodes. Proc R Soc Biol Sci Ser B. 2003;270(1512):313-21.

Dick CW, Kress WJ. Dissecting tropical plant diversity with forest plots and a
molecular toolkit. Bio Science. 2009;59(9): 745-55.

Lahaye R, DerBank VM, Bogarin D, Warner J, Pupulin E DNA barcoding the
floras of biodiversity hotspots. Proc Natl Acad Sci USA. 2008;105(8):2923-8.
Techen N, Parveen |, Pan Z, Khan IA. DNA barcoding of medicinal plant material
for identification. Current Opinion in Biotechnology. 2012;25:103-10.

Hebert PDN, Ratnasingham S, DeWaard JR. Barcoding animal life: Cytochrome
c oxidase subunit 1 divergences among closely related species. Proc R Soc Biol
Sci Ser B. 2003;270(suppl_1):S96-9.

Hebert PDN, Penton EH, Burns JM, Janzen DH, Hallwachs W. Ten species in
one: DNA barcoding reveals cryptic species in neotropical skipper butterfly
Astraptes fulgerator. Proc Natl Acad Sci USA. 2004;101(41):14812-7.

Heubl G. New aspects of DNA-based authentication of Chinese medicinal
plants by molecular biological techniques. Planta Medica. 2010;76(17):1963-74.

Botstein D, White RL, Skolnick M, Davis RW. Construction of a genetic linkage
map in man using restriction fragment length polymorphisms. American Journal
of Human Genetics. 1980;32(3):314-31.

Vos P Hogers R, Bleeker M, Reijans M, Lee TVD, Hornes M, et al.
AFLP: A new technique for DNA fingerprinting. Nucleic Acids Research.
1995;23(21):4407-14.

Ghosh S, Majumder PB, Sen MS. Species-specific AFLP markers for identification
of Zingiber officinale, Z. montanum and Z. zerumbet (Zingiberaceae). Genetics
and Molecular Research. 2011;10(1):218-29.

Williams JGK, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV. DNA polymorphisms
amplified by arbitrary primers are useful as genetic markers. Nucleic Acids
Research. 1990;18(22):6531-5.

Shinde VM, Dhalwal K, Mahadik KR, Joshi KS, Patwardhan BK. RAPD analysis
for determination of components in herbal medicine, Evidence-Based
Complementary Alternative Medicine. 2007;4(1):21-3.

Shirolkar AR, Wadurkar S, Rao GB, Murthy SN, Pawar SD. Intra-species
comparison of Marsilea minuta Linn. and Marsilea quadrifolia Linn. Using RAPD
markers to analyze the genetic variations. International Journal of Pharmacy
and Pharmaceutical Sciences. 2014;6(2):78-80.

Malgaonkar MM, Shirolkar AR, Murthy SN, Pawar SD. Genetic relationships
among four species of Desmodium DC. By RAPD-PCR analysis. Presented in
4™ Bharatiya Vigyan Sammelan and Expo. 2015.

79



Malgaonkar, et al.: Identification of Ayurvedic Raw Drugs and their Adulterants using DNA Based Molecular Markers.

36.

37

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57

58.

59.

60.

61.

80

Shah RG, Malgaonkar MM, Shirolkar AR, Sangvikar SG, Murthy SN,
Pawar SD, et al. Molecular Analysis of Mucuna pruriens (L.) DC. and
Mucuna cochinchinensis (Lour.) A. Chev. Using RAPD Markers Helps to
Understand Genetic Variations. Journal of Pharmacy and Biological
Sciences. 2015;10(4):1-5.

Zietkiewicz E, Rafalski A, Labuda D. Genome fingerprinting by Simple
Sequence Repeat (SSR)-anchored polymerase chain reaction amplification,
Genomics. 1994:20(2):176-83.

Sica M, Gamba G, Montieri S, Gaudio L, Aceto S. ISSR markers show
differentiation among lItalian populations of Asparagus acutifolius, L. BMC
Genetics. 2005;6(1):17.

Soni K, Shruti R, Ankit G, Karma Y, Saurabh P Pradeep KN, et al. Genetic
characterisation of Rhodliola rosea using gene specific SSR and CAPS molecular
markers. Genetic Engineering and Biotechnology Journal. 2010;11:1-10.

Linder CR, Moore LA, Jackson RB. A Universal Molecular Method for Identifying
Undergound Plant Parts to Species. Molecular Ecology. 2000;9(10):1549-59.
CBOL Plant Working Group: A DNA barcode for land plants. Proc Natl Acad Sci
USA. 2009;106(31):12794-7.

Sang T, Crawford DJ, Stuessy TF. Chloroplast DNA phylogeny, reticulate evolution
and biogeography of Paeonia (Paeoniaceae). American Journal of Botany.
1997,84(8):1120-36.

Chase MW, Salamin N, Wilkinson M, Dunwell JM, Kesanakurthi RP Haidar N, et al.
Land plants and DNA barcodes: Short-term and long-term goals. Philos Trans R
Soc Lond B Biol Sci. 2005;360(1462):1889-95.

Cameron KM, Chase MW, Whitten WM, Kores PJ, Jarrell DC, Albert VA, et al.
A phylogenetic analysis of the Orchidaceae: Evidence from rbclL nucleotide
sequences. Am J Bot. 1999;86(2):208-24.

Group CR Li DZ, Gao LM, Li HT, Wang H, et al. Comparative analysis of a
large dataset indicates that Internal Transcribed Spacer (ITS) should be
incorporated into the core barcode for seed plants. Proc Natl Acad Sci USA.
2011;108(49):19641-6.

Hollingsworth PM, Forrest LL, Spouge JL, Hajibabaei M, Ratnasingham S,
DerBank VM, et al. A DNA barcode for land plants. Proc Nat Acad Sci.
2009;106(31):12794-7.

Gao T, Yao H, Song J, Zhu'Y, Liu C, Chen S. Evaluating the feasibility of using
candidate DNA barcodes in discriminating species of the large Asteraceae family.
BMC Evol Biol. 2010;10(1):324-30.

Fu YM, Jiang WM, Fu CX. Identification of species within Tetrastigma
(Mig.) Planch. (Vitaceae) based on DNA barcoding techniques. J Syst Evol.
2011,;49(3):237-45.

Strochova H, Olson MS. The architechture of the chloroplast psbA-trnH non
coding region in angiosperms. Plant Syst Evol. 2007;268(1-4):235-56.

Liu Y, Zhang L, Liu Z, Luo K, Chen S, Chen K. Species identification of
Rhododendron (Ericaceae) using the chloroplast deoxyribonucleic acid
PsbA-trnH genetic marker. Pharmacogn Mag. 2012;8(29):29-36.

Levin RA, Wagner WL, Hoch PC, et al. Family-level relationships of Onagraceae
based on chloroplast rbcL and ndhF data. American Journal of Botany.
2003;90(1):107-15.

Purushothaman N, Newmaster SG, Ragupathy S, Stalin N, Suresh D,
Arunraj DR, et al. A tired barcode authentication tool to differentiate medicinal
Cassia species in India. Genetics and Molecular Research. 2014;13(2):2959-68.
Fazekas AJ, Burgess KS, Kesanakurti PR, Graham SW, Newmaster GS,
Husband BC, et al. Multiple multilocus DNA barcodes from the plastid genome
discriminate plant species equally well. Plos One. 2008;3(7):2802.

Guo X, Wang X, SuW, Zhang G, Zhou R. DNA barcodes for discriminating the
medicinal plant Scutellaria baicalensis (Lamiaceae) and its adulterants. Biol
Pharm Bull. 2011;34(8):1198-203.

Sui XY, Huang Y, Tan Y, Guo Y, Long CL. Molecular authentication of the
ethnomedicinal plant Sabia parviflora and its adulterants by DNA barcoding
technique. Planta Med. 2011,77(05):492-6.

Zhu YJ, Chen SL, Yao H, Tan R, Song JY, Luo K, et al. DNA barcoding the
medicinal plants of the genus Paris. Yao Xue Xue Bao Acta Pharmaceutica
Sinica. 2010;45(3):376-82.

He Y, Hou P Fan G, Song Z, Arain S, Shu H, et al. Authentication of Angelica
anomala Ave-Lall cultivars through DNA barcodes. Mitochondrial DNA.
2012;23(2):100-5.

Selvaraj D, Shanmughanandhan D, Sarma RK, Joseph JC, Srinivasan RV,
Ramalingam S. DNA barcode ITS effectively distinguishes the medicinal plant
Boerhavia diffusa from its adulterants. Genomics Proteomics Bioinformatics.
2012;10(6):364-7.

Asahina H, Shinozaki J, Masuda K, Morimitsu Y, Satake M. Identification of
medicinal Dendrobium species by phylogenetic analyses using matK and rbcL
sequences. J Nat Med. 2010;64(2):133-8.

Ma XY, Xie CX, Liu C, Song JY, Yao H, Luo K, et al. Species identification of
medicinal pteridophytes by a DNA barcode marker, the chloroplast psbA-trnH
intergenic region. Biol Pharm Bull. 2010;33(11):1919-24.

Tezcan M, Vlachonasios KE, Aki C. DNA barcoding study on Sideritis trojana
Bornm. an endemic medicinal plant of Ida Mountain, Turkey. Fresen Environ
Bull. 2010;19(7):1352-5.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Sun Z, Gao T, Yao H, Shi L, ZhuY, Chen S. Identification of Lonicera japonica
and its related species using the DNA barcoding method. Planta Med.
2011,77(03):301-6.

Li D, Wang Z, Liu X, Yuan Y. Identification of the medicinal plant Dijpsacus
asperoides from three other species in genus Dipsacus (Dipsaceae) by internal
transcribed spacer of ribosomal deoxyribonucleic acid (rDNA ITS). J Med Plant
Res. 2012;6(2):289-95.

Theodoridis S, Stefanaki A, Tezcan M, Aki C, Kokkini S, Vlachonasios KE. DNA
barcoding in native plants of the Labiatae (Lamiaceae) family from Chios Island
(Greece) and the adjacent Cesme-Karaburun Peninsula (Turkey). Mol Ecol
Resour 2012;12(4):620-33.

Xu G, Wang X, Liu C, LiW, Wei S, LiuY, et al. Authentication of official Da-huang
by sequencing and multiplex allele-specific PCR of a short maturase K gene.
Genome. 2013;56(2):109-13.

Wiriyakarun S, Yodpetch W, Komatsu K, Zhu S, Ruangrungsi N, Sukrong S.
Discrimination of the Thai rejuvenating herbs Pueraria candollei (White Kwao
Khruea), Butea superba (Red Kwao Khruea) and Mucuna collettii (Black Kwao
Khruea) using PCR-RFLP J Nat Med. 2013;67(3):562-70.

Xiao WL, Motley TJ, Unachukwu UJ, Lau CB, Jiang B, Hong F, et al. Chemical
and genetic assessment of variability in commercial Radix astragali (Astragalus
spp.) by ion trap LC-MS and nuclear ribosomal DNA barcoding sequence
analyses. J Agric Food Chem. 2011;59(5):1548-56.

Mati E, DeBoer H. Ethnobotany and trade of medicinal plants in the
Qaysari Market, Kurdish Autonomous Region, Iraq. J Ethnopharmacol.
2011;133(2):490-510.

Li R, Dao Z. Identification of Meconopsis species by a DNA barcode
sequence: The nuclear Internal Transcribed Spacer (ITS) region of ribosomal
Deoxyribonucleic Acid (DNA). Afr J Biotechnol. 2011;10(70):15805-7.
Takamiya T, Wongsawad P, Tajima N, Shioda N, Lu JF Wen CL, et al. Identification
of dendrobium species used for herbal medicines based on ribosomal DNA
internal transcribed spacer sequence. Biol Pharm Bull. 2011;34(5):779-82.
Chiang CH, YuTA, Lo SF, Kuo CL, Peng WH, Tsay HS. Molecular authentication
of Dendrobium species by multiplex polymerase chain reaction and amplification
refractory mutation system analysis. JASHS. 2012;137(6):438-44.

Wang H, Kim MK, KimYJ, Lee HN, Jin H, et al. Molecular authentication of the
Oriental medicines Pericarpium Citri Reticulatae and Citri Unshius Pericarpium
using SNP markers. Gene. 2012;494(1):92-5.

KaziT, Hussain N, Bremner P Slater A, Howard. The application of a DNA-based
identification technique to overthe-counter herbal medicines. Fitoterapia,
2013;87:27-30.

Chiang YC, Chang WT, Chen MD, Lai GH, Chen HJ, Chao J, et al. Rapid
identification of the medicinal plant Taraxacum formosanum and distinguishing
of this plant from its adulterants by ribosomal DNA Internal Transcribed Spacer
(ITS) based DNA barcode. Afr J Biotechnol. 2011;10(24):4838-43.

Sun Z, Song J, Yao H, Han J. Molecular identification of Cistanches Herba and
its adulterants based on nrITS2 sequence. J Med Plant Res. 2012;6(6):1041-5.
Han J, Zhu Y, Chen X, Liao B, Yao H, Song J, et al. The short ITS2 sequence
serves as an efficient taxonomic sequence tag in comparison with the full-
length ITS. Biomed Res Int. 2013;741476.

Han JP Song JY, Liu C, Chen J, Qian J, ZhuYJ, et al. Identification of Cistanche
species (Orobanchaceae) based on sequences of the plastid psbA-trnH
intergenic region. Yao Xue Xue Bao Acta Pharmaceutica Sinica. 2010;45(1):126-
30.

Srirama R, Senthilkumar U, Sreejayan N, Ravikanth G, Gurumurthy BR,
Shivanna MB, et al. Assessing species admixtures in raw drug trade of
Phyllanthus, a hepato-protective plant using molecular tools. J Ethnopharmacol.
2010;130(2):208-15.

Kritpetcharat O, Khemtonglang N, Kritpetcharat B Daduang J, Daduang S,
Suwanrungruang K, et al. Using DNA markers and barcoding to solve the
common problem of identifying dried medicinal plants with the examples of
Smilax and Cissus in Thailand. J Med Plant Res. 2011;5(15):3480-7.

Monkheang P Sudmoon R, Tanee T, Noikotr K, Bletter N, Chaveerach A. Species
diversity, usages, molecular markers and barcode of medicinal Senna species
(Fabaceae, Caesalpinioideae) in Thailand. J Med Plant Res. 2011;5(26):6173-81.
YangY, ZhaiY, LiuT, Zhang F, JiY. Detection of Valeriana jatamansi as an adulterant
of medicinal Paris by length variation of chloroplast psbA-trnH region. Planta
Med. 2011,77(01):87-91.

Sharma A, Folch JL, Cardoso-Taketa A, Lorence A, Villarreal ML. DNA barcoding
of the Mexican sedative and anxiolytic plant Galphimia glauca. J Ethnopharmacol,
2012;144(2):371-8.

Kress WJ, Wurdack KJ, Zimmer EA, Weigt LA, Janzen DH. Use of DNA
barcodes to identify flowering plants. Proc Nat Acad Sci. 2005;102(23):8369-74.
Cowan RS, Chase MW, Kress JW, Savolainen V. 300000 species to identify:
Problems, progress and prospects in DNA barcoding of land plants. Taxon.
2006;55(3):611-6.

Newmaster SG, Fazekas AJ, Ragupathy S. DNA barcoding in the land
plants: Evaluation of rbelL in a multigene tiered approach. Can J Bot.
2006;84(3):335-41.

Chase MW, Cowan RS, Hollingsworth PM, Berg CVD, Madrinan S, Petersen G,

Pharmacognosy Reviews, Vol 14, Issue 27, Jan-Jun, 2020



Identification of Ayurvedic Raw Drugs and their Adulterants using DNA Based Molecular Markers.

87

88.

89.

90.

91

et al. A proposal for a standardized protocol to barcode all land plants. Taxon.
2007;56(2):295-9.

Kress WJ, Erickson DL. A two-locus global DNA barcode for land plants: The
coding rbclL gene complements the non-coding trnH-psbA spacer region. PLoS
One. 2007;2(6):e508.

Mahadani B Sharma GD, Ghosh SK. Identification of ethnomedicinal plants
(Rauvolfioideae: Apocynaceae) through DNA barcoding from northeast India.
Pharmacogn Mag. 2013;9(35):255-63.

Pang X, Chen S. Identification of medicinal plants using DNA barcoding technique.
Encyclopedia Od Analytical Chemistry. 2014. DOI: 10.1002/9780470027318.
a9935

Sahare P, Srinivasu T. Barcoding for authentic identification of medicinal plants.
International Journal of Engineering and Science. 2012;1(2):33-6.

Liu J, Shi L, Han J, Li G, Lu H, Hou J, et al. Identification of species in the

92.

93.

94.

95.

angiosperm family Apiaceae using DNA barcodes. Mol Ecol Resour.
2014;14(6):1231-8.

Vassou SL, Kusuma G, Parani M. DNA barcoding for species identification from
dries and powdered plant parts: A case study with authentication of the raw

drug market samples of Sida cordifolia. Gene. 2015;559(1):86-93.

Rai PS, Bellampalli R, Dobriyal RM, Agarwal A, Satyamoorthy K, Anantha NDB.
DNA barcoding of authentic and substitute samples of herb of the family
Asparagaceae and Asclepiadaceae based on the ITS2 region. Journal of Ayurveda
and Integrative medicine. 2015;3(3):136-40.

Schori M, Showalter AM. DNA barcoding as a means for identifying medicinal
plants of Pakistan. Pak J Bot. 2011,43:1-4.

Stoeckle MY, Gamble CC, Kirpekar R, Young G, Ahmed S, Little DR Commercial
teas highlight plant DNA barcode identification successes and obstacles. Sci
Rep. 2011;1:42. DOI:10.1038/srep00042.

Cite this article: Malgaonkar M, Shirolkar A, Murthy SN, Mangal AK, Pawar SD. “DNA Based Molecular Markers: A Tool for
Differentiation of Ayurvedic Raw Drugs and their Adulterants” Pharmacog Rev. 2020;14(27):72-81.

Pharmacognosy Reviews, Vol 14, Issue 27, Jan-Jun, 2020

81



