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Abstract

Education provides thumb impression to signature whereas technology provides signature to thumb impression.
Signature is copied in many cases but thumb impression never be copied. Such an important technology is DNA bar
coding in plant species which a new biological tool for organismal biologists to increase their understanding of the
environment especially authentication of all individual plants and phylogenetic construction. DNA bar code helps
to determine the correct identification of a plant sample in a rapid, repeatable, and reliable fashion to conserve
world biodiversity. Not only that, it is a powerful tool in systematics, ecology, evolutionary biology, including
community assembly, species interaction networks, taxonomic discovery, and assessing priority areas for ecological
and environmental protection. Furthermore, plant DNA bar codes are useful in the regulatory areas where endangered
species and commercial products (viz., Foods and plant based supplements) are observed by the forensic investigators.
Even though, application of genetic markers in the field of biological and commercial products by adopted genomic
sequencing technologies are more efficient and cost effective workflow. Therefore, plant based DNA barcode is
necessary and essential to preserve in the form of a library (through DNA amplification) which is the major
challenges ahead in future, i.e., on building the global plant DNA barcode library to contribute toward the discovery

of overlooked plant species around the globe.
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1. Introduction

Technology is a broad term which is the sum of techniques, skills,
methods, and processes that used in the new invention from various
research developments, technical knowledge and tools independent
of product and service initiatives. Today where we are standing is
amachine era where machines are working as same as human, known
as artificial intelligence. This new technology immensely captured
whole health care system as well as in Pharmaceutical segment.
Such important innovative technology is DNA bar coding. The DNA
bar-coding is mainly aimed with the establishment of a shared
community resource of DNA sequences and further utilization for
organismal identification and taxonomic clarification. The method
is successfully investigated and developed in animals using a portion
of the cytochrome oxidase 1 (CO1) mitochondrial gene but
establishing a standardized DNA bar-coding system in plant is more
challengeable task. Therefore, the successful implementation of the
DNA bar-coding helps an authentic plant drug discovery. The DNA
bar-coding is a standard short gene fragment (sequences of DNA
between 400 and 800 base pairs long) which is easily isolated and
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characterized for all plant species, applicable for any botanical
species identification in herbal medicines (Hebert ez al., 2003; Harris
and Bellino, 2013; Hollingsworth ef al., 2016) as well as tracks the
illegal trade of endangered plant species (Jeanson et al., 2011;
Muellner et al., 2011) and so on (Figure 1). This method is rapidly
developing in recent years for rapid biological species discrimination,
and become a useful tool for biodiversity investigation, their
monitoring, molecular phylogeny and various evolutions (Pei et al.,
2017). Wherever any new technology is applied, there always risk
factors and challenges. Development of new technologies means
we are in the last stage of the evaluation where maximum alteration
and manipulation occurs with the genes and any misleading in
molecular level leads to a total change of the evaluation in the World
or may be the end of life. Hence, application of new technologies
should be in proper way. Same way, the new technology DNA bar-
coding, has many drawbacks and problems that include failure of
amplification or sequencing, difficulties in finding universal primers,
lack of bar-coding gap, hybridization and introgression in some
plants, etc. (Collins and Cruickshank, 2013; Zinger and Philippe,
2016) and hence the application of DNA bar coding is really a
challenging task to the researchers on building the global plant DNA
barcode library and adopting genomic sequencing technologies for a
more efficient and cost effective workflow in applying these genetic
identification of these biological markers for commercialization.
Therefore the review on DNA bar coding in plant species is
demonstrated past history, recent progress, major challenges, and
possible future directions plant DNA bar-coding.
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2. History of DNA bar coding in herbal field

DNA barcode is a new biological tool for organismal biologists to increase
their understanding of the herbal natural world. The term DNA bar
code was introduced by Hebert et al. (2003) with the aim to utilize the
information in one or a few gene regions to discriminate among all
species of life. The genomics is just inverse of DNA bar-coding, describes
in a fewer number of species the function and interactions across many
if not all genes. The process of generating and applying plant DNA
barcodes for the purpose of identification have two basic steps such
as: 1. building the DNA barcode library of known species, and ii.
matching the DNA barcode sequence of an unknown sample against
the DNA barcode library (Figure 2). The first step requires taxonomists
to select one to several individuals per species to serve as reference
samples in the DNA barcode library. Plant tissue is obtained from
specimens already preserved in herbaria or taken directly from live
specimens in the field with appropriately pressed, labeled, and mounted
voucher specimens. These vouchers serve as a critical permanent record
that connects the DNA barcode to a particular species of plant. Once
the DNA barcode library is complete for the organisms under study,
whether they comprise a geographic region, a taxonomic group, or a
target assemblage (e.g., medicinal plants, timber trees, efc.), then the
DNA barcodes generated for the unidentified samples are compared to
the known DNA barcodes using some type of matching set of rules in
calculations (Kress, 2017).

Initially DNA bar code was designed and applied on animals
successfully in the early years but for the plants, the technique was
not successfully worked out. After an extensive inventory of gene
regions in the mitochondrial, plastid, and nuclear genomes (Kress

and Erickson, 2007; Newmaster et al., 2008), four primary gene
regions, viz., rbcL, matK, trnH-psbA, and ITS are identified and used
as the standard DNA barcodes for plants authentication. The single
DNA bar-coding marker #rnH-psbA raised relatively high rates of
species discrimination, followed by mafK and rbcL. The combination
of rbcL+matK averagely discriminated globally whereas with the
three-locus barcode combination (rbcL+matK+psbA- trnH) provided
a well-resolved phylogenetic framework. Initially these four DNA
bar codes are used to determine the life of the trees and gradually it is
a tool for identification that used to diagnose a plant species during
all stages of its life history (i.e., fruits, seeds, seedlings, mature plants)
as well as in damaged specimens. Biodiversity index evaluation showed
more effective and comparable with the aid of standardized method
of plant DNA bar-coding where the combination of markers
rbcL+matK-+trnH-psbA are effective for DNA-based studies on forest
communities (Pei et al., 2015). Genetic variability of plants is
quantified based on the DNA barcode sequence data. DNA bar-coding
also helps to flag species (cryptic species) that are potentially new
to science. Therefore DNA bar coding is a biodiversity discovery tool
(Hebert et al., 2004). DNA bar-coding is also serves as a means to
identify regulated species, invasive species, and endangered species,
and to test the identity and purity of botanical products, such as
commercial herbal medicines and dietary supplements, used to address
ecological, evolutionary, and conservation issues, such as the ecological
rules controlling the assembly of plant species and determines the
most evolutionarily diverse habitats for protection (Shapcott et al.,
2017). Over the last decade, the application of plant DNA barcodes
is accelerated, especially in the fields of ecology, evolution, and
conservation but still under huge challenges for natural herbal plants.
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Figure 1: Authentication of medicinal plants by DNA markers.
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Figure 2: Various steps in plant DNA barcoding.

3. Identification of herbals through DNA bar coding

3.1 DNA extraction methods

DNA bar-coding is performed to the herbal plants when a minimum
quantity and quality of DNA is present. A number of extraction
methods and commercial kits are available to extract high-quality of
DNA from plants (Akkurt, 2012; Sika et al., 2015). After collected
herbal plants (in fresh condition), DNA extraction is performed to
avoid DNA degradation due to DNA damaging storage conditions
and under good laboratory practice to avoid cross-contamination

with other samples. Plant part, storage time, storage conditions,
and processing methods affect the quality and quantity of isolated
DNA. Thereafter, plant metabolites such as polysaccharides,
flavonoids, polyphenols, and terpene lactones are also hinder DNA
isolation. The most widely used approaches to extract genomic
DNA are the cetyl trimethyl ammonium bromide (CTAB) method
(Doyle and Doyle, 1987) and commercial DNA extraction kits
(Akkurt, 2012) but the method is not successful in isolation of
DNA from plants parts that contain high amounts of secondary
metabolites. Roots, rhizomes, and tubers are contain particularly
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high levels of polysaccharides and polyphenols which are removed
with added high concentrations of CTAB, polyvinylpyrrolidone
(PVP), and B-mercaptoethanol (B-Me) during the early stages of
DNA extraction (Barnwell et al., 1998; Cavallari ef al., 2012). High-
quality of DNA is obtained from leaves and flowers because of the
low levels of interfering metabolites and fibers. Especially the DNA
obtained from fresh and young leaves and flowers are used to
prepare a crude extract, and this solution is used to amplify the
targeted DNA barcode through direct polymer chain reaction (Han
et al., 2016). Some plant leaves like tomato, cotton, and tea contain
high concentrations of polyphenols and tannins, which gave barriers
in PCR amplification as well as DNA isolation. Therefore, these are
unsuitable for direct PCR which is overcome through modified DNA
extraction methods for the isolation of DNA from tissues or plants
containing high amounts of phenolic compounds and tannins
(Peterson et al., 1997). Same way, direct PCR is not possible from
dried stems, roots, and fruits due to high content of storage of plant
secondary metabolites. In modern phytomedicines, the plant DNA
is removed or degraded during the manufacturing processes of herbal
products. Hence, the DNA is extracted from capsules, tablets, and
liquid extracts as a smear on an analytical agarose gel. But in the
herbal product formulations, the DNA extraction is difficult because
they contain excipients such as fillers, diluents, binders, glidants,
lubricants, pigments, and stabilizers. All the tested excipients, talc,
silica, iron oxide, and titanium dioxide, exhibited adsorbent
properties that affected the extraction of DNA from the natural
herbal products (Costa et al., 2015).

3.2 Selection of loci as DNA barcodes for herbals

The selection of a universal barcode region for identification of
herbal plants is quite challengeable and also bar coding plants is
more difficult for many reasons. The slow evolutionary rate of the
plant mitochondrial genome means that the mitochondrial gene
regions, including the COI region, do not sufficiently distinguish
plants species. Therefore, relatively fast-evolving plastid and nuclear
genomes are as alternative barcodes for plants such common regions
are matK, rbcL, ITS, ITS2, psbA-trnH, atpF-atpH, ycfS, psbK-I,
psbM, trnD, coxl, nadl, trnL-F, rpoB, rpoC1, and rps16 (Newmaster
et al., 2006; Hollingsworth et al., 2011). Among plastid regions,
rbcL is the best characterized gene. matK is one of the most rapidly
evolving plastid coding regions and it consistently showed high
levels of discrimination among angiosperm species. None of the
individual plant DNA barcodes are described to date has both
differentiating regions and universal primer regions. Hence, a
multilocus plant barcode with combinations of two or three loci is
recommended (Kress and Erickson, 2007). The Consortium for the
Barcode of Life (CBOL) is suggested that mafK+rbcL as the preferred
plant barcode combination. The method utilizes the easily amplifiable
and alignable rbcL region as a scaffold on which data from highly
variable non-coding regions such as ITS2 or the #rnH-psbA region
are employed for identification of plant species (Table 1). Numerous
studies revealed that barcode loci are useful to identify medicinal
plants (Techen et al., 2014) such as seven DNA regions, psbA-trnH,
matK, rbcL, rpoCl, ycf5, ITS (consisting of both ITS1 and ITS2),
and ITS2 which are evaluated for identification of more than 6600
samples of fresh medicinal plants leaves and their closely related
species (Chen et al.,, 2012) and confirmed as an effective barcode
for plants. For example, 24 medicinal plants from the Fabaceae

family and their adulterants were identified using ITS2 (Gao et al.,
2010). The major advantage of ITS2 as a barcode for the identification
of herbal supplements is its short length (200-230 bp on average).
In most herbal products and dietary supplements, the DNA is highly
degraded into pieces of less than 500 nucleotides in length due to
various processing methods and hence, short-length barcodes that
can be easily retrieved from dried, powdered form, or from extracts.
Furthermore, the ITS2 locus has some disadvantages and is not
suitable for global identification of plants because of (a) the presence
of multiple copies of ITS2 within one individual in all plant species.
The multiple ITS2 copies, which are not always homogenized by
concerted evolution which led to the incorrect identification of
species due to their similarity with the copies of the more closely
related species and (b) the technical problems in amplification and
sequencing that arises due to the presence of DNA from other species
(e.g., fungi, which coexist with plants as endophytes and/or
mycorrhizal symbionts) (Rodriguez et al., 2009; Ivanova et al., 2016).

Table 1: Primers for amplification of marK and rbcL genome regions

Sequence (5°-3°)

Primer name

matK-390F 5’CGATCTATTCATTCAATATTTC3’
matK-1326R 5’TCTAGCACACGAAAGTCGAAGT3’
rbcL-BF 5’ATGTCACCACAAACAGAAACS’
rbcL-724R 5’TCGCATGTACCTGCAGTAGC3’

Few years back, “mini-barcodes” was introduced for short length
DNA markers (Figure 3). They are used for the identification of
botanical ingredients from processed herbal supplements (Little
and Jeanson, 2013). Mini-barcodes are less than 200 bp sequences
of DNA from standardized maK and rbcL barcode regions, which
are used to identify and authenticate herbal dietary supplements
made from saw palmetto (Serenoa repens) fruit (Little and Jeanson,
2013), Ginkgo biloba leaf (Little, 2014), and devils claw
(Harpagophytum procumbens and Harpagophytum zeyheri) root
and rhizome (Little, 2015) contains herbal dietary supplements.
The advantages of mini-barcodes are the easy retrieval of DNA
markers from processed dietary materials due to their small amplicon
length, and they are genus or species specificity.

Diagnostic Primer
Primes sequence
Barcode’ 1 PCR product
DNA of detectable
high quality w 300- 1,000 bp

Damaged DNA \ No
(processed plant / PCR product
material) S - False Negative

Mini-Barcode’

Damaged DNA ”~ - / ’ BER procuct
detectable
(processed plant m
material) 300520009

Figure 3: DNA bar code and mini barcode.

3.3 Amplification of PCR

PCR is the molecular method by which a single copy or few copies of
DNA piece is amplified into million copies of particular DNA sequence
are formed. This method helps in formation of DNA library (Figure 4).
This method is carried out with heat stable DNA polymerase, template
DNA and DNA oligonucleotides. The general barcoding technique



uses universal primers for rapid identification of plant species (Burgess
etal.,2011; Lahaye et al., 2005) which are recommended for barcoding
of plant species by amplified DNA from four genomic regions, namely
ITS/ITS2 from the nuclear genome, and matK, rbcL, and trnH-psbA
from the chloroplast genome. The requirement of number of PCRs
depends on the expected frequency of the DNA to be detected. For a
sample containing 10% of the low abundant DNA, 2 out of 20 PCRs
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resulted in the amplification of low abundant DNA. It is reported
that the differences in the melting temperatures of the primers is
reduced amplification rate and the affinity of universal primers to
template DNA of all known and unknown organisms (Costa et al.,
2015). Not only that, the presence of inhibitory secondary metabolites
and inactive ingredients in tablets and capsules is also reduced the
efficiency of PCR amplification.
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Istcycle T eeeeeeeaanes » 35th eycle

template DNA —— ~fp—
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Figure 4: DNA amplification for DNA library.

3.4 Sequencing method

Sanger’s di-deoxy method of sequencing is a conventional method
for generating DNA sequence data to obtain a barcode from PCR
amplicons (Sanger et al., 1977). Sanger’s sequencing technology is
capable of generating sequencing reads of up to 1000 bases and has
been the approach used for DNA sequencing in most of the DNA
barcode analyses. The Sanger sequencing method is suitable for
herbal materials that contain only a single medicinal plant because
Sanger-based DNA sequencing has low throughput and, hence require

in high concentrations of DNA (100-500 ng) to avoid errors. If the
herbal dietary preparation contains multiple plant species or
excipients, co-amplification of barcode sequences from other
material than the intended one can occur due to the nature of the
universal primers during the PCR amplification step. This leads to
the production of multiple/overlaying sequencing peaks and,
consequently, a failure of sequencing because the correct DNA
sequence of the barcode cannot be determined (Figure 5). Moreover,
multiple sequences may also create confusion in the identification
of the “true” barcode and other sequences.

Figure 5: Sequencing signals obtained with Sanger sequencing through electropherograms.
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To overcome the limitations of Sanger-based sequencing for DNA
bar coding of processed or mixed samples, a high-throughput
sequencing method called next-generation sequencing (NGS) is used
(Kircher and Kelso, 2010). The NGS technology allows parallel
sequencing of multiple DNA fragments from various DNA templates
in a single reaction. For example, the whole chloroplast sequence of
Ceratophyllum demersum was obtained by Moore et al. (2007)
using the 454 Life Sciences sequencing platform and complete
plastomes of 37 Pinus species were assembled by Parks et al.
(2009) on a multiplex Illumina sequencing platform. Furthermore,
the NGS “meta-barcoding” method combines with DNA barcoding
and high-throughput DNA sequencing for mass analyze DNA
barcodes from sediments or environmental, ancient/historical, or
processed samples.

4. Authentication of herbals with DNA bar coding

Plant DNA bar coding is launched in 2009 when the core of two
DNA regions from the chloroplast, RuBisCO large subunit (rbcL),
and group II intron maturase (matK) genes are accepted by CBOL
Plant Working Group for land plants. Since the adoption of the loci
to be used in plant DNA barcode. DNA bar coding studies for the
botanicals is essential for the identification of a universal marker or
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Figure 6: Various steps in the processing of plant material during
which exogenous DNA is introduced into a sample.

suitable barcode locus/loci for herbal raw material authentication.
It was reported that six different species of Phyllanthus were
available on the market based on morphological studies. Seventy-
six percent of the market samples contained Phyllanthus amarus as
the predominant species and the remaining included five different
species, namely P. debilis, P, fraternus, P urinaria, P. maderaspatensis,
and P, kozhikodianus. Species-specific DNA barcode signatures are
developed for the tested Phyllanthus species using the chloroplast
DNA region psbA-trnH (Srirama et al., 2010). The DNA barcoding
analysis using matK, rbcL, and ITS2 regions confirmed species
belonging to the correct genus of the samples. Commercial tea
samples (Camellia sinensis) is analyzed with 90% success
identification rates using rbcL and matK barcode loci and reported
33% adulterations in herbal teas (Stoeckle et al., 201 1). Black cohosh
(Actaea racemosa) samples were analyzed with a mini-barcode
approach using the matK locus (Baker ef al., 2012). DNA from
other plant species is accidentally introduced at any stage of
processing, for example, at the time of collection of herbal plant
material, during storage, drying, grinding, at various stages of the
product manufacturing process, or during the analysis in the quality
control laboratory (Figure 6). An overview of DNA bar coding
technique is given in Figure 7.

5. Challenges

In last few years DNA bar coding in herbals plays significant role
for authentication and development of biomarkers and still the
technique is necessary to identify a vast number plant species
which are not explored. Therefore the bar coding technique has few
challenges that may be tough but remain promising. Such as: i.
Building the impetus to generate DNA barcodes using multiple plant
DNA markers for all woody species at forest community levels,
which requires investment as well as significant research resources;
il. Analyzing massive DNA bar coding sequence data, which needs
powerful computational systems and critical infrastructures to
perform multidisciplinary research projects in mass scale, and
iii. Promoting theoretical innovation, which calls for raising novel
scientific hypotheses and publishing valuable research papers in
top academic journals as well as patenting of research works.

6. Future directions

Plant DNA bar-coding is essential for comparative analyses of
community phylogenies from forest dynamics plots or natural
reserves and when the technology is combined with conservative
plant traits (e.g., flowering phenology), effects of individuals on
assembly patterns within communities, dissimilarity of diverse
communities along an environmental gradient, and non-random
processes therein are more thoroughly explored. Therefore, some
possible directions are: i. Proposing a “purpose-driven barcode”
(e.g., metabarcoding and mini-barcode) fit for multi-level
applications such as identifying living organisms, reconstructing
community phylogenies, detecting environmental biodiversity
information, and exploring ecological network structure, ii.
Developing new integrative sequencing strategies (e.g., genome
skimming) to generate mega-phylogenies in face of the post-genomic
era, iii. Constructing national-level DNA barcode sequence libraries



of economically valuable tree species for commercial authentication
and endangered plant taxa against illegal international trade, and
iv. Establishing intelligent identification systems for land plants
integrating genetic, morphological and environmental information,
which will make DNA-based plant identification more precise and
convenient. This DNA bar coding technology is valuable to explore
large-scale biodiversity patterns, the origin and evolution of life,
and will also facilitate preservation and utilization of biological
resources. Furthermore, the application of other sequencing
technologies, such as the utilization of microfluidic PCR-based target
offers a faster and less expensive option for large-scale multi-locus
plant DNA bar coding.
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7. Conclusion

DNA bar coding uses specific short regions of DNA in order to
identify plant species in herbal products and dietary supplements.
It is a highly reliable and promising tool under specific conditions,
such as the correct stage of analysis when the DNA could be detected,
primer affinity for successful PCR amplification, and absence of
contaminating DNA. The detection of adulteration of botanical
ingredients are improved if DNA barcoding is routinely and
appropriately used for authentication of herbal materials. At last,
intense research is focused on their effectiveness, integration with
High Throughput Sequencing (HTS) methods, and application to a
wide range of basic and applied research.
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Figure 7: An overview of DNA bar coding technique.
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