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DNA barcoding is a technique that is used to identify the species based on speciesspecific differences in short regions of their DNA.1 DNA barcoding uses state-of-the-art
biotechnology to identify plant species in a rapid, accurate, and cost-effective manner.
This technique is not restricted by morphological characteristics, physiological conditions, and allows species identification without specialist taxonomic knowledge. This
has made researchers to use DNA barcoding technique to evaluate the herbal product
authenticity.
DNA barcoding uses the data of one or a couple of regions in the genome to
recognize all the species in a particular class.2 This technique opened up new doors
for DNA-based examinations extending from group phylogenetics to environmental
genomics.3,4 It has been reported that DNA barcoding is not only used to build phylogenetic trees, but to provide rapid and accurate identification of unknown organisms.
Ideally, a DNA barcode should allow unambiguous species identification by having
sufficient sequence variation between the species. This is an efficient tool to identify
the species because levels of divergence among individuals of the same species are
usually much lower than the closely-related species that exhibit a “barcoding gap”
between inter- versus intraspecific divergences.5
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Abstract: DNA barcoding helps to identify the plant materials based on short, standardized
gene sequences in a rapid, accurate, and cost-effective manner. Recent reports reveal that DNA
barcoding can be used for the assignment of unknown specimens to a taxonomic group, authentic
identification of phytomedicinals, and in plant biodiversity conservation. Research indicates
that there is no single universal barcode candidate for identification of all plant groups. Hence,
comparative analysis of plant barcode loci is essential for choosing a best candidate for authenticating particular medicinal plant genus/families. Currently, both chloroplast/nuclear regions
are used as universal barcodes for the authentication of phytomedicinals. A recent advance in
genomics has further enhanced the progress in DNA barcoding of plants by the introduction
of high-throughput techniques like next generation sequencing, which has paved the way for
complete plastome sequencing that is now termed as super-barcodes. These approaches could
improve the traditional ethno-botanical and scientific knowledge of phytomedicinals and their
safe use. Hence, current focus is on the investigation of phytomedicinals and herbal product
integrity and authenticity through DNA barcoding with the goal of protecting consumers from
potential health risks associated with product substitution and contamination.
Keywords: phytomedicinals, DNA barcoding, NGS, super-barcodes, authentication, ethnogenetics
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Although the traditional DNA barcoding techniques
remain an effective method for identification of medicinal
plants, the more advanced and newly developed highthroughput sequencing techniques like next generation
sequencing (NGS) technologies are potentially revolutionizing this process.6 DNA barcoding usually targets short
regions of DNA molecule within the genome and does not
require full genome-scale data. DNA barcode-based NGS
identifies the multiple plant species present in herbal product
admixtures, which has further modernized the method through
multiplexing of different plant composite samples in a single
step amplicon sequencing.7 Hence, the NGS approach has
been introduced recently in DNA barcoding research.

Molecular art behind DNA
barcoding
The identification of the biological specimens using short
DNA sequences from either nuclear or organelle genomes is
called DNA barcoding. The term “DNA barcode” as a taxon
identifier was first proposed by Paul Hebert of University
of Guelph.1 Barcoding works by matching sequence data
from a query sample (an unknown specimen) to a reference
sequence (from a voucher specimen).
Initial in silico and laboratory-based assessment of different loci from chloroplast (cp) and nuclear genomes led
to the conclusion that no single locus universal plant DNA
barcode exists, and soon it was realized that multilocus
DNA barcodes are required for plants.8 The Consortium for the
Barcode of Life (CBOL), Plant Working Group (2009) evaluated seven cp genomic regions across the plant kingdom and
proposed a combination of maturase K (matK) and ribulose 1,
5-bisphosphate carboxylase/oxygenase large subunit (rbcL) as
plant barcodes. High universality and less species resolution
are provided by rbcL, whereas matK affords high resolution
and less universality. Hence, a combination of these two can
help to achieve maximum species discrimination. However,
in closely-related species, the discriminating ability of these
two markers has been found to be very low.9 Therefore, the
addition of nuclear internal transcribed spacer (ITS) to the
matK + rbcL combination was proposed as plant DNA barcode
in order to achieve maximum identification efficiency even
between the closely-related species.10
At the Fourth International Barcode of Life Conference (http://www.dnabarcodes2011.org/) held in Adelaide,
Australia, the option of a three-locus barcode (matK +
rbcL + psbA-trnH) versus a two-locus barcode was discussed. The two-locus barcode was preferred to avoid the
increased costs of sequencing, so the combination of rbcL
78
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+ matK became the preferred choice and core barcodes.11
At the same time, the spacer between tRNA-His and
photosystem II protein D1 (psbA-trnH spacer) and second
internal transcribed spacer (ITS2) were also widely used in
Vitaceae and Asteraceae families.12–14

Implication of genomic tools in
DNA barcoding technique
In recent years, genomic approaches have been introduced
in DNA barcoding technology. Many recent papers on DNA
barcoding in plants have been published.7,8 Due to these
advances in DNA barcoding technique, multiple applications like ecological surveys, cryptic taxon identification,
authenticaion of phytomedicinals, and herbal drugs have
been employed.17,18 These applications can be extended
further if new genomic technologies are introduced into
this technique.

Next generation DNA barcoding in
phytomedicinals
Rapid advances in NGS technology are driving down the cost
of sequencing and bringing large-scale sequencing projects
feasible by the individual investigators.19 Sample preparation
has been regarded as the key factor in multiplex sequencing
(sequencing of multiple tagged samples together in one lane)
of plastid genomes. The application of NGS approach in DNA
barcoding of plants has been extensively reviewed.20
It has been recently reported that NGS provides useful and
efficient workflow to identify pollen at the genus and species
levels without requiring specialized palynological expert
knowledge.21 Another report on biological ingredient analysis
of traditional Chinese medicine through high-throughput
sequencing and metagenomic analysis revealed the use of
potential candidates like ITS2 and trnL for the reliable identification of phytomedicinals and their contaminants.22

Super-barcoding: a recent genomic
tool for plant discrimination
Recent reports reveal that the complete cp-genome contained
as much variation as the CO1 locus in animals and may be
used as a plant barcode.23,24 Currently, DNA barcoding technology relies heavily on cp loci because of their relatively low
evolutionary rates as compared to the nuclear loci.25 These
cp regions are potentially used in phylogenetic analyses. The
use of cp-genome as a marker helps to overcome disputes
with gene deletion, low polymerase chain reaction (PCR)
efficiency,26 and also used efficiently to distinguish between
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the closely-related species.27 The cp region provides a barcode
that can be effectively implemented to study the associations
in specific plant groups.28,29
As sequencing technology and bioinformatics continue
to advance, complete plastome sequencing has revolutionized the technique of barcoding, which is termed as
“Super-barcodes”.23 These plastid-genome-based species
classification and identification have been progressively
accepted by taxonomists.28,29 The analysis of this superbarcode also resolved the problems of sequence retrieval
usually encountered in traditional barcoding studies. Compared with the nuclear genome, the cp-genome is small in
size and has a higher interspecific and lower intraspecific
divergence, which makes it more suitable as a genome-based
barcode.23

Application of DNA barcoding for
the analysis of phytomedicinals
People have developed trust on the use of natural components
as a therapeutic agent due to fewer side effects. Hugely
popular Indian traditional medicinal systems like Ayurveda,
Unani, and Homeopathy uses one or the other part of medicinal plants that have been recognized and accepted all over
the world. The major problems to deal with phytomedicinals
are its correct identification and substitution of rare, expensive medicinal plants with the cheaper and easily available
ones.30 Hence, there is a need for the tool that gives correct
identification of plants at the molecular level. DNA barcoding
has been employed effectively as an ethno-genomics tool to
identify the cryptic species, phytomedicinals, and biological
authentication of materials that add value to both traditional
ethno-botanical and scientific knowledge.31
The ITS barcode region has been used for the identification of medicinal plants at the molecular level including
medicinal plants of Selaginellaceae.12,32 DNA barcoding
mainly depends on the genetic variation, the time requirement
for analysis, the cost/effectiveness ratio, and the technical
expertise. Four DNA barcodes (rbcL, matK, psbA-trnH, and
ITS2) have been successfully used in the identification of
many different species of phytomedicinals.33,34 Plant DNA
barcodes have been used efficiently to identify species richness in unknown floras,35 identify traditional Tibetan medicinal plant Gentianopsis paludosa,16 and discover complex
plant groups of Indian Berberis species.36 DNA barcoding
system has many prospective uses not only in the identification but also in forensic science, verification of herbal
medicines, and foodstuffs, resolving ambiguity of species
in plant systematics.37
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Authentication of phytomedicinal
admixtures
Recent reports prove that herbal plants can be authenticated
using the barcode candidates in order to identify the contaminants among them. An extensive study has been conducted
to analyze .6,600 plant samples belonging to 4,800 species
from 753 distinct genera using the genomic regions psbAtrnH, matK, rbcL, rpoC1, ycf5, ITS, and ITS2. The results
suggested that the ITS2 of nuclear ribosomal DNA represents
the most suitable region for DNA barcoding applications in
these plant samples.12 A recent review has revealed that there
are 17 potential barcode regions (matK, rbcL, ITS, ITS2,
psbA-trnH, atpF-atpH, ycf5, psbKI, psbM-trnD, coxI, nad1,
trnL-F, rpoB, rpoC1, atpF-atpH, and rps16) that aid in the
authentication and identification of phytomedicinals.7
Another report proved that DNA barcoding can efficiently
authenticate the wholesomeness of medicinal plants that are
often used in Chinese herbal medicine. A total of 37 plants
from 28 families were identified using rbcL as candidate
gene.38 DNA barcoding technique exhibits advantages over
chemical profiling because of its universal application including the identification of unknown plant species. Recently, a
study was conducted to identify and authenticate selected
phytomedicinals commercially sold in Manila for predicting
the most effective DNA barcodes using three cp markers
(psbA-trnH, matK, and rbcL) and a nuclear marker (ITS). This
study revealed that matK and psbA-trnH could be the potential
barcodes for authenticating commercially sold medicinal
plants, where morphological details are inadequate.39 The list
of commonly used DNA barcoding candidates for authentication of phytomedicinals has been summarized in Table 1.

Herbal drug authentication by DNA
barcoding
Herbal medicines have a widespread and well-documented
history of use in the prevention and treatment of various
diseases, which continue to gain global influence in modern medical and health services. The international trade in
herbal products is a major force in the global economy and
the demand is increasing in both developing and developed
nations.34 Recent reports indicate that herbal products available to consumers in the market place may be contaminated
or substituted with alternative plant species and ingredient
substitutions that are not listed on the labels.17,54 A number
of safety-related issues have emerged globally because of
the inaccurate identification of herbal materials. According
to the World Health Organization, adulteration of herbal
products is causing an enormous threat to consumer safety.
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Table 1 Various DNA barcoding candidates used in the authentication of phytomedicinals
Medicinal plants

Different barcode candidates
analyzed

Potential barcode identified
for species authenticity

Ref

Scutellaria baicalensis (Lamiaceae)
Datura metel
Datura innoxia
Datura stramonium
Brugmansia arborea (Solanaceae)
Boerhavia diffusa (Nyctaginaceae)
Colchicum autumnale
Arlina brachylepis
Arundo donax (Colchicaceae, Armadillidiidae, and Poaceae)
Asparagus racemosus
Hemidesmus indicus (Asparagaceae Apocynaceae)
Catharanthus roseus
Alstonia scholaris
Thevetia peruviana
Allamanda cathartica
Tabernaemontana divaricata
Calotropis gigantea (Rauvolfioideae)
Gentiana scabra
Gentiana triflora
Gentiana manshurica and Gentiana rigescens (Gentianaceae)
Peucedanum
praeruptorum (Apiaceae)
Crocus sativus (Iridaceae)
Tulipa edulis (Liliaceae)
Ferula sinkiangensis
Ferula fukangensis (Apiaceae)
Thunbergia laurifolia Crotalaria spectabilis
(Acanthaceae and Fabaceae)
Isatis tinctoria
Polygonum tinctorium
Strobilanthes cusia (Brassicaceae, Polygonaceae, and Acanthaceae)

matK, rbcL, and psbA-trnH
ITS2, psbA-trnH, matK, and rbcL

psbA-trnH
ITS2 or psbA-trnH

40
41

ITS, ITS1, ITS2, and psbA-trnH
rpoC1, psbA-trnH, matK, and ITS

ITS and ITS1
rpoC1, psbA-trnH, and ITS

42
43

ITS2, matK, and rpoC1

ITS2

44

matK and psbA-trnH

matK

45

rbcL, matK, ITS, and 5S rRNA
intergenic spacer, chloroplast psbAtrnH , trnL-F and rpl36-rps8
No comparative analysis done

5S rRNA and trnL-F intergenic
spacers

46

ITS

47

No comparative analysis done
matK, psbA-trnH, and rbcL
No comparative analysis done

psbA-trnH
matK
ITS2

48
49
51

matK, rbcL, rpoC, and trnL

High resolution melting analysis
using rpoC
ITS2

52
53

Abbreviations: ITS, internal transcribed spacer; ITS2, second internal transcribed spacer; matK, maturase K; rbcL, ribulose 1, 5-bisphosphate carboxylase/oxygenase large subunit.

There are many reports on the ill-effects of herbal material
due to the incorrect identification and adulteration of plant
material.34,55–59
Herbal product substitution has been reported for many
individual plant species due to their morphological similarity
like Echinacea sp., Chamomilla tincture,60 Phyllanthus,61,62
tea, 63 and nutraceuticals.64,65 Although there is limited
research available, the frequency of product mislabeling in
herbal drugs has been estimated to be in the range from 14%
to 33%.54,66 There are legitimate health concerns for consumers due to lack of confidence in the availability of safe and
high quality herbal products. The immediate attention for
achieving consumer confidence is driving the demand for
research and market testing on herbal product authentication.
Traditional methods used to authenticate herbal materials
primarily include morphological, microscopic, and chemical identification.67 However, the ability to distinguish the
medicinal plants from their close relatives, inferior substitutes, adulterants, and counterfeits presents a challenge to the
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large number and variety of medicinal plants species, which
threatens patient safety and herbal efficacy.40
More recently, a universal publically available DNA
barcoding system for identifying herbal materials has been
established based on the ITS2, rbcL, matK, and psbA–trnH
barcodes.17,43,68–71 There are only limited studies on the application of DNA barcoding to test natural products, which
provide authentic assessment of commercial herbal products
within the marketplace. This includes reports on detecting
adulteration through DNA barcoding for commercial tea
samples,63 black cohosh herbal dietary supplements,63 natural health products,54 North American herbal drugs,17 and
adulterants in commercialized medicinal plant samples.72
Recently, NGS-based approach using ITS2 and trnL barcodes have been attempted to identify biological ingredients
from herbal drugs of Chinese traditional medicine (Liuwei
Dihuang Wan) containing mixture of phytomedicinals.22
DNA barcode identification can be applied to a wide
range of herbal materials from the field, commercial trade,
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and hospital pharmacy for authentication.33 DNA barcoding technology has a wide-reaching potential in the phytomedicinal industry, especially to help ensure that herbal
ingredients are correct and not contaminated or substituted.
Accurate species identification, resource monitoring, and
quality control using DNA barcoding will soon become
an integral part of quality control workflow in herbal
industries.7 If the DNA barcoding result indicates that the
species is different from the intended plant prescribed on
the label, then the use of this sample (and probably entire
batch) should be avoided by which potential adverse reactions could be prevented.17
Similarly, patented herbal products are increasingly popular worldwide. However, they are prone to herbal substitution
and/or contamination because of the usage of conventional
methods like phytochemical analysis, in which environmental
factors can change the plant chemical profile drastically.54
In this situation, DNA barcoding could play an important
role in the authentication of the herbal products. This would
significantly decrease bio-safety issues and minimize the
trade of fake or incorrect herbs, which will ensure consumer
confidence.66
Currently, DNA barcode-based standard reference material library and standard testing procedures are being developed for commercial herbal species that could be integrated
into cost-effective “best practices” in the manufacturing of
herbal products.7,17 A recent review on the authentication
of herbal drug provides clear insight on DNA barcoding as
a standard method in herbal pharmacovigilance research.18
Another report suggests that DNA barcoding must be used
in conjunction with metabolomics and need-based transcriptomics and proteomics for resolving authentication
challenges associated with the phytomedicinals in herbal
drugs.73 Hence, the DNA barcoding approach can support
immensely the herbal product authentication.

Sequence repositories and
consortia involved in plant
DNA barcoding
There are currently three barcode databases available for
plants that encompass the barcode sequences.

GenBank, USA
The International Nucleotide Sequence Database work
together with GenBank in USA, European Molecular Biology Laboratory in Germany, and DNA Data Bank of Japan
for DNA sequences. These databases regularly exchange
the DNA barcode sequence information with the dedicated
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DNA barcode CBOL database. The National Center for
Biotechnology Information web-based megablast algorithm
with default settings are used to identify the query sequences.
Each identification could be made manually by considering
E-value, maximum identity, and number of closely-related
species represented in the database.43

BOLD, Canada
In order to make DNA barcoding information universally and
publically accessible, new databases have been made available
online. Rapid progress in DNA sequencing and computational
technologies made CBOL to build a universal organization for
living beings inventory: the Barcode of Life Database (BOLD)
system. BOLD is created and maintained by the University of
Guelph in Ontario, Canada (http://www.boldsystems.org).11 It
facilitates researchers to collect, manage, and analyze DNA
barcode data. BOLD will provide a DNA barcode to clearly
identify the unknown specimens by facilitating accurate query
assignments and by comparing the data that are obtained from
geographically dispersed institutions. BOLD could serve as the
universal starting point for species identification, which would
convey to the users to refer the specialized databases (eg, pathogenic strains, disease vector species, endangered species).74

Medicinal Materials DNA Barcode
database, People’s Republic of China
A dedicated DNA barcoding database was developed only
for medicinal plant materials (http://www.cuhk.edu.hk/
icm/mmdbd.htm), which accepts all plastid DNA regions
and nuclear ITS results. Medicinal Materials DNA Barcode
(http://137.189.42.34/mherbsdb/index.php) is a website that
contains DNA sequences, their information, and important
references of medicinal records of the pharmacopoeia of
the People’s Republic of China, American Herbal Pharmacopoeia, and other related references. Medicinal Materials
DNA Barcode database gives information on distinguishing
medicinal materials (plant, animal, and fungi) from their
common substitutes and adulterants.75

Consortia for plant DNA barcoding
CBOL
CBOL is an international initiative dedicated to developing
DNA barcoding as a global standard for the identification of
biological species.74 It was established in 2004 through support
from the Alfred P Sloan Foundation, USA. CBOL promotes
barcoding through working groups, networks, workshops,
conferences, outreach, and training. CBOL has 200 member
organizations from 50 countries and promotes the exploration
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and development of DNA barcoding for species identification. It facilitates the rapid compilation of high quality DNA
barcode records in a public library of DNA sequences.
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International Barcode of Life
The International Barcode of Life project is the largest
biodiversity genomics initiative project with hundreds of
biodiversity scientists, genomics specialists, technologists,
and ethicists from 25 nations to construct a richly parameterized DNA barcode reference library (http://ibol.org/). This
library will be the foundation for a DNA-based identification system for all multicellular life. There are 20 working
groups operating in five theme areas, which include DNA
Barcode library, Methods, Informatics, Technologies, and
Administration.

China Plant Barcode of Life Group
The online DNA barcoding databases for herbal materials are
being constructed by this group (http://www.tcmbarcode.cn),
which provides a species identification module for herbal
materials. In this database, ITS2 and psbA-trnH are chosen
as the core and supplementary DNA barcodes candidates for
medicinal herbs. This database also contains barcoding data
for their adulterants, substitutes, and closely-related species
in order to correctly distinguish the actual medicinal species.
This group provides access to online database and evaluates
the potential benefits of supplementing the core barcode for
land plants.8

Limitations in DNA barcoding
DNA barcoding in plants using combining multiple loci
approach has always been followed successfully. However,
CBOL has focused on the identification of a universally
informative plant DNA barcode for the last several years,
which could not be attained due to the complexity of plant
genome. The PCR success rate in barcoding regions is often
inhibited by the presence of secondary metabolites in plants.
These problems can be overcome by the modifications in
DNA extraction methods, primer sequences, and the use of
an engineered polymerase enzyme.76 DNA barcoding can
be a significant tool for authentication of raw herbs, but its
application for finished herbal/botanical dietary supplements
is limited due to the low quality DNA obtained from these
products.77
There are also reports which suggest the usage of a
relatively longer genetic region in plant genome (ranging
from ∼500 to 1,000 bases), but it is difficult to amplify
using universal barcodes that are not intact in most botanical

82

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

extracts, ancient samples, and old herbarium DNA samples.78
As a result, methods to sequence and analyze such material
typically would lead to false negative results. Hence, “specific
DNA authentication” methods are adopted recently using a
mini-barcode strategy, which targets small barcode regions
of fragmented DNA (∼100–200 bases in length) for botanical
extracts, oil, and tinctures.79,80 Some reports also reveal that
DNA barcoding method is not capable of determining the
chemical constituents or plant parts of processed products
and also for quantifying the amount of plant material used
in the product. Therefore, the use of additional methods (ie,
microscopic and chemical) is necessary to verify the label
claims ensuring the safety and efficacy of the product. Hence,
the use of multiple methods on processed materials is necessary to increase the level of confidence in the identity and
quality of the material.81

Future prospects
DNA barcoding is being viewed as an integrated approach
with classical taxonomy for species identification and
authentication in the postgenomics era.30,82 DNA barcoding
has been employed effectively to identify the cryptic species, medicinal plants, species and biological authentication of materials, and plant biodiversity conservation that
adds value to both traditional and scientific knowledge.31,83
Contemporary approaches like ecological genomics along
with the use of NGS could exploit and advance DNA barcoding research to the next level. The barcoding movement along
with NGS approach could help to speed up the authentication
of voucher specimens and herbal drugs.

Acknowledgments
KRSB thanks University Grants Commission–Dr D S Kothari
Post-Doctoral Fellowship, India, for the financial support. The
authors would also like to thank DBT NER-Twining project
for Junior Research Fellowship to SM, and UGC-SAP and
DST-FIST for the financial support.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Hebert PD, Cywinska A, Ball SL, de Waard JR. Biological identifications
through DNA barcodes. Proc Biol Sci. 2003;270:313–321.
2. Lahaye R, van der Bank M, Bogarin D, et al. DNA barcoding the
floras of biodiversity hotspots. Proc Natl Acad Sci U S A. 2008;105:
2923–2928.
3. Webb CO, Ackerly DD, McPeek MA, Donoghue MJ. Phylogenies and
community ecology. Annu Rev Ecol Syst. 2002;33:475–505.
4. van Straalen NM, Roelofs D. An Introduction to Ecological Genomics.
Oxford: Oxford University Press; 2006.

Botanics: Targets and Therapy 2015:5

Botanics: Targets and Therapy downloaded from https://www.dovepress.com/ by 35.173.234.140 on 21-Nov-2019
For personal use only.

Dovepress
5. Armstrong KF, Ball SL. DNA barcodes for biosecurity: invasive
species identification. Philos Trans R Soc B Biol Sci. 2005;360:
1813–1823.
6. Hamilton JP, Buell CR. Advances in plant genome sequencing. Plant J.
2012;70:177–190.
7. Techen N, Parveen I, Pan Z, Khan IA. DNA barcoding of medicinal
plant material for identification. Curr Opin Biotechnol. 2014;25:
103–110.
8. Hollingsworth PM, Graham SW, Little DP. Choosing and using a plant
DNA barcode. PLoS One. 2011;6(5):e19254.
9. Singh HK, Parveen I, 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;5:42.
10. Li DZ, Gao LM, Li HT, 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 U S A.
2011;108:19641–19646.
11. CBOL Plant Working Group. A DNA barcode for land plants. Proc
Natl Acad Sci. 2009;106(31):12794–12797.
12. Chen S, Yao H, Han J, et al. Validation of the ITS2 region as a novel
DNA barcode for identifying medicinal plant species. PLoS One. 2010;
5(1):e8613.
13. 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;10:324–330.
14. Fu YM, Jiang WM, Fu CX. Identification of species within Tetrastigma
(Miq.) Planch. (Vitaceae) based on DNA barcoding techniques. J Syst
Evol. 2011;49(3):237–245.
15. Dick CW, Kress WJ. Dissecting tropical plant diversity with forest
plots and a molecular toolkit. BioScience. 2009;59:745–755.
16. Xue CY, Li DZ. Use of DNA barcode sensu lato to identify traditional
Tibetan medicinal plant Gentianopsis paludosa (Gentianaceae). J Syst
Evol. 2011;49(3):267–270.
17. Newmaster SG, Grguric M, Dhivya S, Ramalingam S, Ragupathy S.
DNA barcoding detects contamination and substitution in North
American herbal products. BMC Medicine. 2013;11:222.
18. de Boer HJ Ichim, Newmaster SG. DNA Barcoding and pharmacovigilance of herbal medicines. Drug Saf. 2015;38:611–620.
19. Parks M, Cronn R, Liston A. Increasing phylogenetic resolution at
low taxonomic levels using massively parallel DNA fingerprinting,
DNA barcoding, and Next generation sequencing. BMC Biol. 2009;
7(1):84.
20. Sucher NJ, Hennell JR, Carles MC. DNA fingerprinting, DNA barcoding, and next generation sequencing technology in plants. Methods Mol
Biol. 2012;862:13–22.
21. Kellar A, Danner KN, Grimmer G, et al. Evaluating multiplexed nextgeneration sequencing as a method in palynology for mixed pollen
samples. Plant Biol. 2015;17(2):558–566.
22. Cheng X, Su X, Chen X, et al. Biological ingredient analysis of traditional
Chinese medicine preparation based on high-throughput sequencing:
the story for Liuwei Dihuang Wan. Sci Rep. 2014;4:5147.
23. Li X, Yang Y, Henry RJ, Rossetto M, Wang Y, Chen S. Plant DNA
barcoding: from gene to genome. Biol Rev Camb Philos Soc. 2015;90:
157–166.
24. Kane NC, Cronk Q. Botany without borders: barcoding in focus. Mol
Ecol. 2008;17:5175–5176.
25. Dong W, Liu J, Yu J, Wang L, Zhou S. Highly variable chloroplast
markers for evaluating plant phylogeny at low taxonomic levels and
for DNA barcoding. PLoS One. 2012;7:e35071.
26. Huang CY, Grunheit N, Ahmadinejad N, Timmis JN, Martin W.
Mutational decay and age of chloroplast and mitochondrial genomes
transferred recently to angiosperm nuclear chromosomes. Plant Physiol.
2005;138:1723–1733.
27. Parks M, Cronn R, Liston A. Increasing phylogenetic resolution at low
taxonomic levels using massively parallel sequencing of chloroplast
genomes. BMC Biol. 2009;7:84.

Botanics: Targets and Therapy 2015:5

Authentication of phytomedicinals by DNA barcoding
28. Bayly MJ, Rigault P, Spokevicius A, et al. Chloroplast genome analysis
of Australian eucalypts – Eucalyptus, Corymbia, Angophora, Allosyncarpia and Stockwellia (Myrtaceae). Mol Phylogenet Evol. 2013;69:
704–716.
29. Yang JB, Tang M, Li HT, Zhang ZR, Li DZ. Complete chloroplast
genome of the genus Cymbidium: lights into the species identification,
phylogenetic implications and population genetic analyses. BMC Evol
Biol. 2013;13:84.
30. Sahare P, Srinivasu T. Barcoding for authentic identification of medicinal plants. IJES. 2012;1(2):33–36.
31. Newmaster SG, Ragupathy S. Ethnobotany genomics – discovery and
innovation in a new era of exploratory research. J Ethnobiol Ethnomed.
2010;6:2.
32. Gu W, Song J, Cao Y, et al. Application of the ITS2 region for barcoding
medicinal plants of Selaginellaceae in Pteridophyta. PLoS One. 2013;
8(6):e67818.
33. Li M, Cao H, But PPH, Shaw PC. Identification of herbal medicinal
materials using DNA barcodes. J Syst Evol. 2011;49(3):271–283.
34. Li M, Au KY, Lam H, et al. Identification of Baiying (Herba Solani
Lyrati) commodity and its toxic substitute Xungufeng (Herba Aristolochiae Mollissimae) using DNA barcoding and chemical profiling
techniques. Food Chem. 2012;135:1653–1658.
35. Costion C, Ford A, Cross H, Crayn D, Harrington M, Lowe A. Plant
DNA barcodes can accurately estimate species richness in poorly known
floras. PloS One. 2011;6(11):e26841.
36. Roy SA, Tyagi V, Shukla A, et al. Universal plant DNA barcode loci
may not work in complex groups: a case study with Indian Berberis
species. PLoS One. 2010;5(10):e13674.
37. Teletchea T, Maudet C, Hanni C. Food and forensic molecular identi
fication: update and challenges. Trends Biotechnol. 2005;23:359–366.
38. Herrmann F, Wink M. Use of rbcL sequences for 1 DNA barcoding
and authentication of plant drugs used in traditional Chinese medicine.
Peer J. 2014. doi.org/10.7287/peerj.preprints.196v1.
39. Raterta R, Cabelin VLD, Alejandro GJD. Molecular authentication of
selected commercially sold medicinal plants in Quiapo, Manila, Philippines. Int J Sci Tech Res. 2014;3(9):22–26.
40. Guo X, Wang X, Su W, Zhang G, Zhou R. DNA barcodes for discriminating the medicinal plant Scutellaria baicalensis (Lamiaceae) and its
adulterants. Biol Pharm Bull. 2011;34:1198–1203.
41. Han JP, Li MN, Luo K, Liu MZ, Chen XC, Chen SL. Identification of
Daturae flos and its adulterants based on DNA barcoding technique.
Yao Xue Xue Bao. 2011;46(11):1408–1412.
42. 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):364–367.
43. Kool A, de Boer HJ, Kruger A, Rydberg A, Abbad A, Bjork L. Molecular
identification of commercialized medicinal plants in southern Morocco.
PLoS One. 2012;7:e39459.
44. Rai PS, Bellampalli R, Dobriyal RM, Agarwal A, Satyamoorthy K,
Narayana A. DNA barcoding of authentic and substitute samples of
herb of the family Asparagaceae and Asclepiadaceae based on the ITS2
region. J Ayurveda Integr Med. 2012;3(3):136–140.
45. Mahadani P, Sharma GD, Ghosh SK. Identification of ethnomedicinal
plants (Rauvolfioideae: Apocynaceae) through DNA barcoding from
northeast India. Pharmacogn Mag. 2013;9(35):255–263.
46. Wong KL, But PP, Shaw PC. Evaluation of seven DNA barcodes for
differentiating closely related medicinal Gentiana species and their
adulterants. Chin Med. 2013;8:16.
47. Zhou J, Wang W, Liu M, Liu Z. Molecular authentication of the traditional medicinal plant Peucedanum praeruptorum and its substitutes
and adulterants by DNA – barcoding technique. Curr Opin Biotech.
2014;25:103–110.
48. Jiang C, Cao L, Yuan Y, Chen M, Jin Y, Huang L. Barcoding melting
curve analysis for rapid, sensitive, and discriminating authentication
of Saffron (Crocus sativus L) from its adulterants. Bio Med Res Int.
2014;2014:809037.

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

83

Dovepress

Botanics: Targets and Therapy downloaded from https://www.dovepress.com/ by 35.173.234.140 on 21-Nov-2019
For personal use only.

Balachandran et al
49. Ma HL, Zhu Zb, Zhang XM, Miao YY, Guo QS. Species identification
of the medicinal plant Tulipa edulis (Liliaceae) by DNA barcode marker.
Biochem Syst Ecol. 2014;55:362–368.
50. Selvaraj D, Sarma RK, Shanmughanandhan D, Srinivasan R,
Ramalingam S. Evaluation of DNA barcode candidates for the discrimination of the large plant family Apocynaceae. Plant Syst Evol.
2015;301:1263–1273.
51. Fan C, Li X, Zhu J, Song J, Yao H. Endangered Uyghur medicinal plant
Ferula identification through the second internal transcribed spacer. Evid
Based Complementary Altern Med. 2015;2015:479879.
52. Singtonat S, Osathanunkul M. Fast and reliable detection of toxic
Crotalaria spectabilis Roth. in Thunbergia laurifolia Lindl. herbal products using DNA barcoding coupled with HRM analysis. BMC Compl
Alternative Med. 2015;15:162.
53. Hu Z, Tu Y, Xia Y, et al. Rapid identification and verification of indirubincontaining medicinal plants. Evid Based Complement Alternat Med.
2015;(9):484670.
54. Wallace LJ, Boilard SMAL, Eagle SHC, Spall JL, Shokralla S, Hajibabaei M.
DNA barcodes for everyday life: routine authentication of natural health
products. Food Res Int. 2012;49:446–452.
55. Lo SH, Wong KS, Arlt VM, et al. Detection of Herba Aristolochia
Mollissemae in a patient with unexplained nephropathy. Am J Kidney
Dis. 2005;45:407–410.
56. Grollman AP, Shibutani S, Moriya M, Miller F, Wu L, Moll U.
Aristolochic acid and the etiology of endemic (Balkan) nephropathy.
Proc Natl Acad Sci U S A. 2007;104:12129–12134.
57. Guo H, Mao H, Pan G, et al. Antagonism of Cortex Periplocae extract
induced catecholamines secretion by Panax notoginseng saponins in
cultured bovine adrenal medullary cells by drug combinations. J Ethnopharmacol. 2013;147:447–455.
58. Hoang ML, Chen CH, Sidorenko VS, He J, Dickman K, Yun BH.
Mutational signature of aristolochic acid exposure as revealed by
whole-exome sequencing. Sci Transl Med. 2013;5:102–197.
59. Ekor M. The growing use of herbal medicines: issues relating to adverse
reactions and challenges in monitoring safety. Front Pharmacol.
2015;4:177.
60. Novak J, Groger SG, Lukas B. DNA-based authentication of plant
extracts. Food Res Int. 2007;40:388–392.
61. Srirama R, Senthil Kumar U, Sreejayan N, et al. Assessing species
admixtures in raw drug trade of Phyllanthus, a hepato-protective plant
using molecular tools. J Ethnopharmacol. 2010;130:208–215.
62. Sangeetha N, Ganesh D, Mercy S, Kavitha M, Selvaraj D, Sathishkumar R.
Morphological variation in the Indian gooseberries (Phyllanthus emblica
and Phyllanthus indoﬁscheri) and the chloroplast trn L (UAA) intron
as candidate gene for their identiﬁcation. Plant Genet Resour C. 2010;
8(3):191–197.
63. Stoeckle MY, Gamble CC, Kirpekar R, Young G, Ahmed S, Little DP.
Commercial teas highlight plant DNA barcode identification successes
and obstacles. Sci Rep. 2011;1:42.
64. Jaakola L, Suokas M, Häggman H. Novel approaches based on DNA
barcoding and high-resolution melting of amplicons for authenticity
analyses of berry species. Food Chem. 2010;123:494–500.

65. Bruni I, De Mattia F, Galimberti A, et al. Identification of poisonous plants
by DNA barcoding approach. Int J Legal Med. 2010;124: 595–603.
66. Baker DA, Stevenson DW, Little DP. DNA barcode identification
of black cohosh herbal dietary supplements. J AOAC Int. 2012;95:
1023–1034.
67. Hoffmann D. Medical Herbalism: The Science and Practice of Herbal
Medicine. Rochester, VT: Inner Traditions/Bear and Co; 2003.
68. Chen SL. DNA Barcoding of Chinese Medicinal Materials. Beijing:
People’s Medical Publishing House; 2012.
69. Chen X, Liao B, Song J, Pang X, Han J, Chen S. A fast SNP identification
and analysis of intraspecific variation in the medicinal Panax species
based on DNA barcoding. Gene. 2013;530:39–43.
70. Xiang L, Song J, Xin T, Zhu Y, Shi L, Xu X. DNA barcoding the commercial Chinese caterpillar fungus. FEMS Microbiol Lett. 2013;347:
156–162.
71. Xin T, Yao H, Gao H, et al. Super food Lycium barbarum (Solanaceae)
traceability via an internal transcribed spacer 2 barcode. Food Res Int.
2013;54:1699–1704.
72. Beyrouthy ME, Abi-Rizk A. DNA fingerprinting: the new trend in
fighting the adulteration of commercialized and cultivated medicinal
plants. Adv Crop Sci Technol. 2013;1:4–12.
73. Mishra P, Kumar A, Nagireddy A, et al. DNA barcoding: an efficient
tool to overcome authentication challenges in the herbal market. Plant
Biotechnol J. 2015. doi: 10.1111/pbi.12419.
74. Ratnasingham S, Hebert PD. BOLD: The Barcode of Life Data System
(http://www.barcodinglife.org). Mol Ecol Notes. 2007;7(3):355–364.
75. Lou SK, Wong KL, Li M, But PP, Tsui SK, Shaw PC. An integrated
web medicinal materials DNA database: MMDBD (Medicinal Materials
DNA Barcode Database). BMC Genomics. 2010;11:402.
76. Witt JD, Threloff DL, Hebert PD. DNA barcoding reveals extraordinary
cryptic diversity in an Amphipod genus: implications for desert spring
conservation. Mol Ecol. 2006;15:3073–3082.
77. Casiraghi M, Labra M, Ferri E, Galimberti A, Mattia FD. DNAbarcoding:
a six question tour to improve users’ awareness about the method. Brief
Bioinform. 2010;11:440–453.
78. Cimino MT. Successful isolation and PCR amplification of DNA from
National Institute of Standards and Technology herbal dietary supplement standard reference material powders and extracts. Plant Med.
2010;76:495–497.
79. Hellebrand M, Nagy M, Morsel JT. Determination of DNA traces in
rapeseed oil. Eur Food Res Technol. 1998;206:237–242.
80. Busconi M, Foroni C, Corradi M, Bongiorni C, Cattapan F, Fogher C.
DNA extraction from olive oil and its use in the identification of the
production cultivar. Food Chem. 2003;83:127–134.
81. Sarkinen T, Staats M, Richardson JE, Cowan RS, Bakker FT. How to
open the treasure chest? Optimising DNA extraction from herbarium
specimens. PLoS One. 2012;7:e43808.
82. Vohra P, Khera KS. DNA barcoding: current advance and future prospects – a review. Asian J Biol Life Sci. 2013;3:185–189.
83. Selvaraj D, Park JI, Chung MY, Cho YG, Ramalingam S, Nou IS. Utility of DNA barcoding for plant biodiversity conservation. Plant Breed
Biotech. 2013;1(4):320–332.

Dovepress

Botanics: Targets and Therapy

Publish your work in this journal
Botanics: Targets and Therapy is an international, peer-reviewed, open
access journal focusing on the discovery and development of active
compounds based upon or found naturally occurring in the plant
kingdom that may have therapeutic potential in any disease state. The
manuscript management system is completely online and includes a very

quick and fair peer-review system. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/botanics-targets-and-therapy-journal

84

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Botanics: Targets and Therapy 2015:5

