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Abstract

Herbal drug technology is used for converting 
botanical materials into medicines, where standardization and quality 
control with proper integration of modern scientifi c techniques and traditional 
knowledge is important. The use of chromatographic techniques and marker 
compounds to standardize botanical preparations has limitations because 
of their variable sources and chemical complexity. Correct identifi cation and 
quality assurance is indispensable to ensure reproducible medicinal quality 
of herbal drugs. Authentication is especially useful in case of those medicinal 
herbs that are frequently substituted or adulterated with other species or 
varieties morphologically and phytochemically indistinguishable. DNA-
based molecular markers have utility in the fi elds like taxonomy, physiology, 
embryology, genetics, etc. Extensive research on DNA-based molecular 
markers is in progress in many research institutes all over the world. DNA 
-based molecular methods have a great utility in the herbal drug analysis and 
widely used for the authentication of plant species of medicinal importance. 
This review provides a brief account of various DNA-based technologies that 
are useful in genotyping and quick identifi cation of botanicals with suitable 
examples.
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Introduction

Nature provides an endless source of materials for therapy which may be 
in the form of microorganisms, animals or plants. Plants have been used as 
medicines from time immemorial. Plants serve as an abundant, natural, 
renewable and an endless source of raw materials that are used widely for the 
treatment of various ailments. However, the identifi cation and authentication 
of the plant which can be used in the therapy is a major challenge, since 
unlike synthetic drugs, herbal drugs may vary in composition and properties. 
The herbal raw material is prone to a lot of variation due to several factors, 
the important ones being the identity of the plants and seasonal variation 
(which has a bearing on the time of collection), the ecotypic, genotypic 
and chemotypic variations, drying, storage conditions and the presence of 
xenobiotic (Dixit et al., 2008). Further medicinal principles are present in 
different parts of the plant like root, stem, bark, leaves, fl ower, heartwood, fruit, 
seed, rhizome, plant exudates or a plant as a whole.
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A study cannot be considered scientifi cally valid if the material tested is not 
authenticated and characterized such that the material can be reproduced 
(Wolsko et al., 2005). Consistency in composition and biologic activity are 
essential requirements for the safe and effective use of therapeutic agents. 
However, botanical preparations rarely meet this standard, as a result of 
problems in identifying plants, genetic variability, variable growing conditions, 
differences in harvesting procedures and processing of extracts, and above 
all, the lack of information about active pharmacologic principles (Shinde 
et al., 2009). Correct identifi cation and quality assurance of the starting 
material is therefore an essential prerequisite to ensure reproducible quality 
of these medicines which contribute to its safety and effi cacy. (Strans 2002; 
Peter, 2002). Development and enforcement of quality control standards have 
become crucial for regulatory authorities and industries due to global interest in 
botanicals as drug and dietary supplements (Matharu et al., 2010).

The quality of an herbal drug can be negatively affected by the use of 
inherent toxic herbs, by fraudulent action due to substitution or adulteration, 
by contamination, by misidentifi cation, by confusion of species, and by 
inappropriate labelling (Heubl et al., 2013). An estimate suggests that more 
than 60% phytochemical investigation carried out on market samples of Indian 
medicinal plants are based on wrong/adulterated samples procured from 
markets (Daniel, 2004).

Most of the regulatory guidelines and pharmacopoeias suggest macroscopic 
and microscopic evaluation and chemical profi ling of the botanical materials 
for quality control and standardization. (Joshi et al., 2004). Herbal medicinal 
materials are traditionally identifi ed by their organoleptic or microscopic 
characteristics, including size, shape, colour, odour, fl avour, texture and other 
physical properties. Although the methods based on these characteristics are 
simple, their accuracy strongly depends on the experience and expertise of 
the identifi er, who may or may not be aware of the subtle differences in the 
structures among related species. Moreover, the related species and the 
substitute or adulterant may share these characters, making this approach not 
so accurate. The chemical analysis is also not always reliable as the results 
may be affected by the age, physiology and storage conditions of the herbs, 
and many related species containing similar chemical components may hinder 
proper identifi cation. (Ganie et al, 2012). The phytochemical profi le of the plant 
has a special signifi cance as it has a direct bearing on the activity of the herbal 
drugs. The fi ngerprint profi les serve as guideline to the phytochemical profi le of 
the drug in ensuring the quality. (Pravin et al, 2012). However, Phytochemical 
profi les may vary according to how plant parts have been processed or specifi c 
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environmental conditions under which plants have grown. Furthermore, for 
many plant products, the marker compounds may overlap with those in related 
but undesirable species or in some cases, the chemical standards may be too 
rare or expensive or no marker compound may yet have been identifi ed for a 
particular botanical (Shaw et al., 2002).

Several herbal drugs on the market still cannot be identifi ed based on their 
morphological or histological characteristics. From the very beginning, herb 
authentication has presented a great challenge for people using them for 
medical purposes. Usage of a wrong herb may be ineffective or it may worsen 
the condition and may even cause death (Khan et al., 2009).

DNA based authentication technique is useful for the identifi cation of 
phytochemically indistinguishable genuine drug from substituted or adulterated 
drug. It has been reported that DNA fi ngerprint genome remain the same 
irrespective of the plant part used while the phytochemical content will vary 
with the plant part used, physiology and environment (Shrivastava et al., 
2009) Genotypic characterization of plant species and strains is useful as 
most plants, though belonging to the same genus and species, may show 
considerable variation between strains. Additional motivation for using DNA 
fi ngerprinting on commercial herbal drugs is the availability of intact genomic 
DNA from plant samples after they are processed. Adulterants can be 
distinguished even in processed samples, enabling the authentication of the 
drug (Mihalov et al., 2000). The power of discrimination of DNA based markers 
is so high that very closely related varieties can also be differentiated (Lum et 
al., 2006)

Studies have shown that the DNA can be generally isolated from fresh 
leaves, stems or roots but in some cases also from dried material, crude drug, 
extracts and even fi nished products such as herbal tea, tablets and capsules. 
With the improvements in molecular biotechnology and plant genetics in the 
past decades, genetic tools are considered to provide more reliability for 
authentication of herbal materials at the DNA level (Kumar et al., 2009).

This article gives a brief review of the potential DNA based techniques for 
the authentication of the herbal plants along with few examples of molecular 
methods based authentication of herbal plants.

DNA -Based Authentication Techniques

DNA-based authentication comprises various techniques which are used for 
analyzing DNA sequences and fi ngerprints. These techniques are employed in 
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various fi elds such as taxonomy, physiology, embryology and genetics and have 
been successfully applied in the fi eld of commercially important plants such as 
food crops and horticultural plants. The application of molecular methods to 
the authentication of Indian medicinal materials was initiated in the middle of 
1990s when DNA-based techniques were used for differentiation of accessions 
collected at different geographic regions, differentiation of inter- and intra-species 
variations, authentication of plants frequently substituted with species which are 
indistinguishable by macroscopic, microscopic or phytochemical methods, and 
for detection of adulterations. (Lum et al., 2006). DNA markers are reliable for 
informative polymorphisms as the genetic composition is unique for each species 
and is not affected by age, physiological condition and environmental factors. 
They are not tissue-specifi c and can be detected at any stage of organism 
development. Only small sample amounts are needed for most methods. This 
makes DNA-based methods interesting for authentication of fragile, animal-
derived and precious drugs. Despite these advantages, DNA-related techniques 
are not yet routinely used for authentication of medicinal plants/herbs as the 
methods are relatively expensive and as their application can be problematic in 
case of dried or processed materials.

Hybridization-based methods

Hybridization-based methods use cloned DNA elements or synthetic 
oligonucleotides as probes to hybridize DNA. The probes are labeled with 
radioisotopes or with conjugated enzymes which catalyze a color reaction to 
detect hybridization. DNA is either cleaved with restriction enzymes or fi rst 
amplifi ed by polymerase chain reaction (PCR), subsequently separated by gel 
electrophoresis and transferred to a solid support matrix.

Restriction fragment length polymorphism (RFLP) is a technique in which 
organisms may be differentiated by analysis of patterns derived from cleavage 
of their DNA. This method is mostly used in paternity cases or criminal cases 
to determine the source of a DNA sample, but also widely applied in genome 
mapping, marker-aided breeding and phylogenetic studies. In this technique, 
restriction polymorphisms are detected by using a hybridization probe 
(Zietkiewicz et al., 1994). The quality of the assay is highly dependent on the 
choice of the DNA probe. Two types of DNA probes can be used, namely 
tandem repeats which occur as clusters among chromosomes and dispersed 
repeats which are scattered all over the chromosomes. Shorter repeating 
sequences (generally fewer than six base pairs) which are repeated from a few 
to many thousands of times, are abundant in the eukaryote genome. They are 
called microsatellites or single sequence repeat (SSR) (Srivastava et al 2009).
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The major limitation of this method is its low sensitivity. It requires a large 
amount of high-quality genomic DNA, which is very diffi cult to obtain from 
processed herbal drugs. Also the stability and reproducibility are rather low 
because the quality of the assay highly depends on DNA quality and technical 
factors.

For Indian medicinal materials, PCR-RFLP is more suitable, as it requires a 
much lower amount of DNA. In this method a defi ned DNA sequence is fi rst 
amplifi ed by PCR and then selected restriction enzymes are employed to 
generate fragments unique to the respective species.

Polymerase chain reaction-based methods

PCR enzymatically multiplies particular DNA sequences or loci of a template 
DNA with the help of arbitrary or specifi c oligonucleotide primers.

It is not easy to standardize PCR-based authentication procedures for 
medicinal plants. Reasons for variations are different DNA polymerases used, 
different buffer formulations as well as different equipment used. Variations 
can be reduced if the same commercial kits or polymerase mixtures are used 
in each lab performing the same test. Problems also occur when the plant 
material of interest contains compounds such as phenolics which can interact 
with the DNA and directly inhibit DNA polymerase or damage the structural 
integrity of DNA. The way a plant is harvested, stored and processed can also 
infl uence DNA quality.

Various PCR-based techniques have been employed to authenticate and 
characterize medicinal plants, some of them do not require prior knowledge 
of the DNA sequence, for example Amplifi ed Fragment Length Polymorphism 
(AFLP), Random Amplifi ed Polymorphic DNA (RAPD), Arbitrarily Primed PCR 
(AP-PCR) and Inter Simple Sequence Repeat (ISSR); while for others, such as 
Simple Sequence Repeat (SSR), prior sequence information is required.

Amplifi ed fragment length polymorphism

This fi ngerprinting technique is based on the detection of multiple DNA 
restriction fragments by means of PCR amplifi cation and has the capacity 
to detect thousands of independent loci (Joshi et al., 2004). Genomic DNA 
is digested by appropriate restriction enzymes (preferably a hexa-cutter 
or tetra-cutter), which cut DNA at defi ned sequence sites. A subset of the 
resultant fragments is then ligated to synthetic double-stranded adaptors 
(DNA segments) at each end and subsequently amplifi ed using two specifi c 
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adaptor-homologous primers. The amplifi ed and labeled restriction fragments 
are separated on denaturating gels or by capillary electrophoresis. The 
complexity of the AFLP profi les depends on the primers and restriction 
enzymes chosen and on the level of sequence polymorphism between the 
tested DNA samples.

The number of amplifi ed bands of the pre-selected PCR is usually so high 
that a second round of PCR (selective PCR with fl uorescent dyes) has to be 
performed to reduce the number of amplifi ed products. This is done by using 
primers that possess 1-3 additional bases at the 3’ end. Several combinations 
have to be tested for optimization (Zerega et al., 2002). Digestion, ligation 
and two rounds of PCR make this method expensive and time-consuming. 
However, it is a very reliable and robust technology, and it has been widely 
applied in screening DNA markers linked to genetic traits, parentage analysis, 
forensic genotyping and population genetics. However, the feasibility for the 
authentication of Indian herbs might be limited, because high-quality DNA, 
especially high-molecular-weight DNA, is required, which might be a problem in 
the case of processed or dried medicinal materials.

Arbitrarily primed PCR and random amplifi ed polymorphic DNA

These methods have been simultaneously developed by two groups in 1990. 
Basically, instead of using region-specifi c PCR primers or adaptors, one single, 
arbitrarily chosen oligonucleotide is used as both the forward and reverse 
primer in a PCR reaction. This sequence consists of about 10 nucleotides 
in case of RAPD and about 20 nucleotides in case of AP-PCR. A product is 
produced when the primer binds on opposite strands, in the reverse orientation 
and within an amplifi able distance. PCR fragments are generated from different 
locations of the genome, because there are multiple sites within the genome 
for the primer to bind. Thus, multiple loci may be examined simultaneously. 
Using series of different primers allows the generation of a genetic fi ngerprint 
of a plant or a specifi c species. RAPD analysis is a quick, rather easy and 
relatively cheap method; a major drawback is that reproducibility between 
laboratories has been shown to be low because the procedure is very sensitive 
to different PCR parameters, especially to slight variations in annealing 
temperature because of the low annealing temperatures required (Cheung et 
al., 1994). Nevertheless, RAPD and AP-PCR have extensively been used to 
study the genetic diversity of various Indian medicinal plants, to discriminate 
different plant population and to differentiate plant batches of different 
provinces.
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Inter simple sequence repeat (ISSR)

ISSR makes use of anchored primers to amplify simple sequence repeats. 
The primers are not totally arbitrary but are composed of repeated di-3, tri-3, 
tetra- or pentanucleotide motifs which are scattered throughout the eukaryote 
genome. As in RAPD analysis, a product is achieved when the same repeat 
is present in the two DNA strands within an amplifi able distance. Specifi city 
and reproducibility can be enhanced by addition of a different base at 3’ or 
5’(Kojoma et al., 2002). Because longer primers are used, the method is more 
reliable and less sensitive to annealing temperature than RAPD analysis; 
however, the annealing temperature has to be optimized for each primer and 
species DNA. Compared with AFLP and SSR analysis, the method is rather 
quick, straightforward and economic

Simple sequence repeat (SSR)

For this technique, prior sequence information is required. SSR markers or 
microsatellites (also termed simple sequence length polymorphism (SSLP) or 
sequence-tagged microsatellite site (STMD)) are tandem repeats scattered 
throughout the genome. They can be amplifi ed using primers that fl ank these 
regions. The technique has been successfully used to construct detailed 
generic maps of several organisms and to study genetic variation within 
populations of the same species as the markers are usually species-specifi c, 
their development is rather costly, but once they have been developed the 
method becomes quite inexpensive (Hussain et al., 2012).

Sequencing-based markers and microarray techniques

Concerning these techniques, DNA sequences from the nuclear and chloroplast 
genome are used for identifi cation of plants at several taxonomic levels. Certain 
sequences such as the 5S rDNA spacer and the internal transcribed spacer 
(ITS) regions between the 16S and 26S rDNA are highly variable and can thus 
be used for authentication at species level. Sequences such as nuclear 18S 
or plastidal rbcL, ndhF or matK however, are conserved among species and 
therefore suitable for discrimination at genus or family level (Ding et al., 2002).

Efforts are in progress to develop species-specifi c sequence-characterized 
amplifi ed-region (SCAR) markers to provide a more accurate method for 
authenticating the medicinal plants (Ganie et al, 2012).

DNA sequence-based techniques have widely been used for authentication 
of Indian herbs. Few examples of molecular methods based authentication of 
herbal plants are given below.
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Table Few examples of molecular methods based authentication of herbal 
plants

S. 
No.

Plant Name Family Plant Part 
Used

Method of 
authentication

Reference

1. Aconitum 
carmichaeli

Ranunculaceae Fresh Leaves PCR, 
sequencing; 
microarray 
silicon

Carles M., et 
al., 2005 

2. Aconitum napellus Ranunculaceae Leaves AFLP  Zerega 
N.J.C., et al., 
2002

3. Actaea racemosa, 
Actaea cordifolia, 
Actaea podocarpa, 
Actaea pachypoda

Ranunculaceae Leaves AFLP Zerega 
N.J.C., et al., 
2002

4. Adenophora 
hunanensis, 
Adenophora 
stricta, 
Adenophora 
tetraphylla

Campanulaceae Fresh, crude 
drug

PCR, 
sequencing

Zhao K.J., et 
al., 2003

5. Alisma 
canaliculatum , 
Alisma gramineum,
Alisma 
lanceolatum, 
Alisma nanum
Alisma orientale , 
Alisma plantago-
aquatica 

Alismataceae Dried 
Rhizome

PCR, 
sequencing; 
RFLP; ARMS

 Li X, et al., 
2007

6. Alocasia 
macrorrhiza

Araceae Fresh Leaves PCR, 
sequencing; 
microarray 
(silicon) 

Carles M., 
et al., 2005

7. Angelica acutiloba 
var. acutiloba, 
Angelica acutiloba 
var. iwatensis, 
Angelica acutiloba 
var. sugijamae

Apiaceae Fresh Leaves PCR, 
sequencing

 Hosokawa 
K., et al., 
2006.

8. Angelica acutiloba, 
Angelica acutiloba 
var. Sugiyamae 

Apiaceae Fresh Leaves RAPD; RFLP  Watanabe A, 
et al., 1998

9. Angelica sinensis Apiaceae Dried Root RAPD; RFLP  Watanabe A, 
et al., 1998
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S. 
No.

Plant Name Family Plant Part 
Used

Method of 
authentication

Reference

10. Arisaema 
heterophyllum

Araceae Fresh Leaves PCR, 
sequencing; 
PCR-SR

 Lin J, et al., 
2006

11. Artemisia aponica 
, Artemisia argyi 
, Artemisia 
capillaries, 
Artemisia 
iwayomogi, 
Artemisia 
keiskeana , 
Artemisia princes 

Asteraceae Fresh Leaves P CR , 
sequencing, S 
C A R

Lee M.Y., et 
al., 2006

12. Astragalus 
lehmannianus, 
Astragalus 
membranaceus 
Astraglus hoantchy

Fabaceae Leaves, roots 
(Fresh, crude 
drug)

PCR, 
sequencing

Ma X.Q., et 
al., 2000

13. Astraglus hoantchy Fabaceae Leaves, roots 
(Fresh, crude 
drug)

PCR, 
sequencing

Ma X.Q., et 
al., 2000

14. Atractylodes 
lancea

Asteraceae Fresh Leaves PCR , 
sequencing, S 
C A R

Lee M.Y., et 
al., 2006

15. Bacopa monnieri Scrophulariaceae Fresh Leaves RAPD  Darokar 
M.P., et al., 
2001

16. Cannabis sativa Cannabaceae Fresh Leaves ISSR  Kojoma M., 
et al., 2002

17. Cannabis sativa Cannabaceae Leaves, 
stems, 
fl owering 
heads (Fresh, 
dried)

RAPD  Jagadish V., 
et al., 1996

18. Cannabis sativa Cannabaceae Leaves, 
infl orescences 
(Fresh, dried)

AFLP  Datwyler 
S.L., et al., 
2006

19. Carthamus 
tinctorius

Asteraceae Leaf (Fresh, 
crude drug)

PCR, 
sequencing

 Ma X.Q., et 
al., 2001

20. Changium 
smyrnioides 

Apiaceae Dried Leaves RAPD  Fu C., et al., 
2003

21. Clitoria ternatea, 
Convolvulus 
pluricaulis, 
Evolvulus 
alsinoides 

Convolvulaceae Dried Leaves PCR-RAPD Ganie S.H., 
et al, 2012
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S. 
No.

Plant Name Family Plant Part 
Used

Method of 
authentication

Reference

22. Codonopsis 
pilulosa

Campanulaceae Dried Roots AP-PCR, 
RAPD

Zhang Y.B., 
et al., 1999

23. Codonopsis 
pilulosa

Campanulaceae Dried Roots AP-PCR, 
RAPD

 Zhang Y.B., 
et al., 1999

24. Corton tiglium Euphorbiaceae Fresh Leaves PCR, 
sequencing; 
microarray 
(silicon) 

Carles M., et 
al., 2005

25. Crocus sativus Iridaceae Leaf (Fresh, 
crude drug)

PCR, 
sequencing

Ma X.Q., et 
al., 2001

26. Cultivated Ephedra Ephedraceae Fresh Stem PCR, 
sequencing

Kakiuchi N., 
et al., 2006

27. Datura inoxia, 
Datura metel, 
Datura tatula

Solanaceae Fresh Leaves PCR, 
sequencing; 
microarray 
(silicon) 

Carles M., et 
al., 2005

28. Dendrobium 
acinaforme, 
Dendrobium 
aphyllum, 
Dendrobium 
aurantiacum,
Dendrobium 
aurantiacum var 
denneanum, 
Dendrobium 
brymerianum, 
Dendrobium 
ellipsophyllum, 
Dendrobium exile, 
Dendrobium 
falconeri

Orchidaceae Leaves, stems 
(Fresh, dried)

PCR  Ding X., et 
al., 2002

29. Fritillaria 
unibracteata

Liliaceae Dried Leaves, 
bulbs

PCR , RFLP  Joshi V.C., 
et al., 2005

30. Glehnia littoralis Apiaceae Fresh Leaves RFLP  Mizukami H., 
et al., 1993.

31. Glycyrrhiza glabra Fabaceae Dried samples RAPD Khan S., et 
al., 2009

32. Hemidesmus 
indicus (locally 
called Anantmool)

Asclepiadaceae Fresh and 
dried leaves 
and roots

RAPD Mathura et 
al., 2010
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S. 
No.

Plant Name Family Plant Part 
Used

Method of 
authentication

Reference

33. Lomatogonium 
oreacharis

Gentianaceae - PCR, 
sequencing; 
allele-specifi c 
diagnostic 
PCR

 Xue C.Y., et 
al., 2006 

34. Lycium barbarum, 
Lycium barbarum, 
Lycium barbarum 
var aranticarpum, 
Lycium barbarum 
var potaninii,
Lycium chinense 
Stemsum
Lycium dasy var 
rubricaulium, 
Lycium 
ruthenicum, 
Lycium truncatum

Solanaceae Dried Fruit RAPD  Zhang KY, 
et al., 2001

35. Medicago sativa Fabaceae Leaves 
(Fresh, dried); 
dried ground 
material

PCR, 
sequencing; 
RFLP

 Lum M.R., et 
al., 2005

36. Mirablis jalapa Nyctaginaceae Roots (Fresh, 
dried)

AP- PCR; 
RAPD

 Shaw P.C., 
et al., 1995

37. Panax ginseng Araliaceae Roots (Fresh, 
dried)

AP- PCR; AP- 
PCR; RAPD

 Cheung 
K.S., et al., 
1994;
Shaw P.C., et 
al., 1995

38. Panax ginseng Araliaceae Roots (Fresh, 
dried)

RAPD, 
sequencing; 
SCAR

 Wang J, et 
al., 2001

39. Panax ginseng Araliaceae Roots (Fresh, 
dried)

RAPD, DALP, 
sequencing

 Ha W.Y., et 
al., 2001

40. Panax ginseng Araliaceae Leaves, roots 
Fresh, crude 
drug

MARMS; 
PCR SSR; 
RAPD

 Zhu S., 
et al., 2003,
Hon C.C., 
et al., 2003,
Tanaka H., 
et al., 2006
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S. 
No.

Plant Name Family Plant Part 
Used

Method of 
authentication

Reference

41. Panax japonicus Araliaceae Leaves, roots 
Fresh, crude 
drug

MARMS; 
RAPD; PCR, 
sequencing

Zhu S., et al., 
2003
Tanaka H., 
et al., 2006, 
Lee C., et al., 
2004

42. Phyllanthus 
reticulates, 
Phyllanthus 
urinaria

Euphorbiaceae Fresh Leaves RAPD, 
sequencing ; 
SCAR

 nyaneshwar 
W., et al., 
2006

43. Picrorhiza kurrooa Scrophulariaceae Rhizome 
tissue

RAPD, SSR Hussain 
M.A., et al., 
2012 

44. Plectranthus 
barbatus, 
Plectranthus 
grandis, 
Plectranthus 
ornatus

Lamiaceae Leaves AFLP Passinho 
S.H., et al., 
2006

45. Plectranthus 
barbatus, 
Plectranthus 
grandis, 
Plectranthus 
ornatus

Lamiaceae Leaves AFLP Passinho 
S.H., et al., 
2006

46. Pulsatilla vulgaris Ranunculaceae Leaves AFLP Zerega 
N.J.C., et al., 
2002

47. Rehmannia chingii, 
Rehmannia elata, 
Rehmannia 
glutinosa, 
Rehmannia henryi, 
Rehmannia 
piasezkii, 
Rehmannia 
solanifolia

Scrophulariaceae Dried Leaves PCR, 
Sequencing

Albach D.C., 
et al., 2007

48. Rhodiola 
chrysanthemifolia 

Crassulaceae Fresh Leaves ISSR-PCR  Xia T, et al., 
2002

49. Talinum 
paniculatum

Portulacaceae Fresh, dried 
Roots

AP-PCR; 
RAPD

Shaw P.C., et 
al., 1995

50. Vitex rotundifolia Verbenaceae Fresh Fruits 
and
leaves

ISSR-PCR  Hu Y., et al., 
2007
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Conclusion

In conclusion, DNA-based authentication methods have several advantages 
which make them suitable for the identifi cation of Indian herbs:

• The techniques are independent from the physical form of the material

• Only a low amount of material is required

• DNA-based markers represent the most basic signature of a living being 
and are therefore much less affected by environmental infl uences than 
phenotypic markers.

On the other hand, some limitations have to be considered:

• Some of the methods are strongly dependent on DNA quality, which might 
be a problem in the case of dried or processed materials

• Certain plant compounds or fungal contamination may also infl uence DNA 
extraction or PCR reaction.

To establish a marker for identifi cation of a particular species, DNA analysis of 
closely related species and/or varieties as well as common contaminants and 
adulterants is necessary, a very expensive and time consuming process.

The DNA-based investigation of herbal samples for unknown contaminants 
is at present extremely diffi cult and costly because of the broad spectrum of 
possible admixtures. More comprehensive databases of DNA fi ngerprints and 
DNA sequences comprising a wide range of plant species would therefore be 
required.

The application of DNA-related techniques in the quality control of herbs is 
also limited by the fact that the DNA fi ngerprint of a plant is the same for the 
whole plant, while the content of biomarker or marker compounds is often 
strongly dependent on the plant part. Moreover DNA fi ngerprinting might allow 
correct authentication of a plant but at present, it does not give information 
about the concentration of active constituents or marker compounds. A 
combination of DNA-related and phytochemical techniques is necessary for 
quality control applications. Finally, DNA-based techniques generally cannot be 
used for preparations containing herbal extracts, even though the successful 
authentication of herbal starting materials based on DNA extracted from small 
amounts of plant cells which are still present in herbal extracts and tinctures 
has been reported. However, more experience is required to evaluate the 
general feasibility of such a technique.
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DNA-related techniques are a valuable complement, but are suggested to be 
done in addition to macroscopic, microscopic and phytochemical methods, and 
would be of use especially in raw herbs with many species and those cases 
which are generally substituted.
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