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@STRACT \
ting

Ancient Indian medicinal herbs played an important role in environmental protection and preven
iliness worldwide in olden history. Medicinal herbs consist primarily of pieces of fresh plant extracts,
oils, and gums. A combination of herbs, especially in developing countries, forms an essential part of
the medicinal herbs system. In the past, present, and future, DNA fingerprinting in plants by botany is
the experience of authorized DNA fingerprints. Approximately 75% of the world's population is
based on this medicine process, and we have a pharmacy demand of $62 billion and are predicted to
rise to $5 trillion by 2050. In this investigation, fingerprinting techniques, PCR stages, complex
genotyping techniques, DNA-based herbal plant authentication techniques such as DNA techniques,
DNA barcoding, real-time PCR, HRM analysis, and sophisticated DNA-based tools such as (HAD,
LAMP, and NGS) have been used to authenticate fresh herbs and/or herbal products for the analysis
of DNA strategies. However, if the products were mainly made during production from pills,
powders, tablets, or dried varieties. In this study, the use of DNA approaches is summarized, while
still providing relevant and accurate applications on herbal formulations.

Qywords: DNA fingerprinting, DNA barcoding, Herbal medicine, Finger printing technique. /

1. INTRODUCTION Truthfulness has to do with the verification that
Since the historical era, herbal medicines are the content is genuine and corresponds to the
being implemented through both modern right identity. Quality and Assurance of herbal
medicine and traditional medicine systems and ayurvedic drugs is the biggest difference
are believed to be the oldest health care between commercialization and excess supply
commodities. Ayurvedic medicinal herbs have protection. Traditional herbal plant species are
a crucial role in preserving health and frequently either inadvertently or intentionally
communicating with the disorder globally since substituted and/or adulterated with herbs from
past cultures. Because of Ayurvedic medicine plants that are clinically similar or with tightly
& herbalist's success accomplish one way to bound together substances from similar plants.
develop and flourish, the global market sector Herbal consumption typically occurs as a
approximately 60 billion annually, with a sales result of ingredients that do not have different
revenue on global markets of 3,500 crore morphological features, materials and identical
rupees of herbal medicine.®? Authenticity, generic names, and the replacement of
purity, and protection are critical elements of commercially useful materials for inexpensive
standardization according to WHO standards, herbs. Herbal remedies have been used as
and authentication is the timeline stage in the medicines for the treatment of various
assessment  of traditional medicines. diseases since ancient times. Proper
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authentication is essential to protect the
adulteration of herbal plants with other plant
materials. For the standardization of botanical
preparations, some regulatory authorities and
pharmacopeia propose a macroscopic,
microscopic, and chemical assessment.3 4 ad5

2. METHODOLOGY

2.1 DNA fingerprinting

Bar-code-like sensor - enabled by an
individual's replication of genome DNA are
DNA fingerprints. It is based on the molecular
identity of a genetic organism. It focuses on
the specific genotype of the method and the
main gene, to identify the concentrations of a
set of characteristic secondary metabolites in
the herb. DNA Finger Printing was invented in
1984 at Leicester University by Prof. Alex
Jeffery. It is the greatest contribution of plants
and animals to the later growth of human
genetics. Biological samples used for DNA
fingerprinting: DNA samples of body tissue
from Blood Hair Saliva Skin Consumer usage.
The uses of DNA fingerprinting are the
particular fingerprint as a precision, separating
genuine drugs from replaced/adulterated drugs
regardless of environmental factors
Regardless of plant physiology.

Fig 1: Fingerprinting techniques

The standard approach for Genetic analysis in
plants includes, first of all, isolation of DNA
from plants and risk identification. By removing
Within DNA and separating DNA from much
other range of product, such as cell fragments,
proteins, enzymes, or RNA, the cell wall, and
cytoplasmic envelope, DNA from plant tissue
is extracted without compromising the integrity
of the DNA. Proactive maintenance and
product quality of medicinal herbal products. &
7 most regulatory guidelines and
pharmacopeia  show  microscopic  and
macroscopic examination and chemical testing
of herbal products for quality control and
standardization. Usually, molecular methods
refer to bioactive metabolites, including
chemical compounds, and other nucleotide-
like macromolecules. For product quality and
herbal medicine optimization as names,
natural products have been used heavily.? °

2.2 DNA fingerprinting of the past, present,
and future in plants

In DNA fingerprinting, a multitude of
techniques has been developed, refined, and
finally scrapped as new and more effective,
and far more reliable methods have emerged.
Despite some overlap between the life of
various technologies, the past, current, and
future stages, which coincide with major
technological advances, can be classified.?4
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Several botanical disciplines depend on the
ability to differentiate between plant genotypes
and to estimate the amount of diversity and
relatedness in a collection of genotypes. The
introduction of isoenzymes was into herbal
education in the early 1960s and evolved in
importance in the 1970s and 1980s. In today's
fingerprinting of plants, PCR-based multi-locus
methods, PCR-based single-locus methods,
single nucleotide polymorphisms, organellar
DNA-based methods are carried out on
process developments in the dense linkage for
various plants, like the herbs are using all
kinds of markers. In the already brief existence
of molecular genetics and genomics, the
introduction of massively parallel high
throughput gene studies was a breathtaking
phase forward 10 years ago.>® On the other
hand, DNA marker technologies are currently
being successively complemented or even
replaced by the sequencing process itself
which is expressed as "genome
sequencing".21%1112  The  polymer chain
reaction is shown in figure.2.and discussed in
table.1.

Fig 2: PCR cycle and Table 1. PCR cycle

2.3 Today's DNA fingerprinting applications
in Herbs are
o |dentification of the genotype in
wild plants, cultivars propagated
vegetatively, and cultivars
propagated with seed.
e Somatic mutation genotyping and
in vitro propagated substance

genotyping.

e Forensic Botanics

e Genetic diversity, population
composition, gene flow, and
differentiation of species and
genetic interactions.

e Genome constitution; research

into hybridization,
and polyploidy.

o Phytogeography, plant speciation,
systematics, and phylogeny.

introgression,

e Genetic mapping-mapping  of
linkages, genetic maps, and
mapping of associations.

Complex genotyping techniques (RAPD,

AFLP, RFLP, and ISSR) are discussed in
table.2.

Table 2: Complex genotyping techniques
(RAPD, AFLP, RFLP, and ISSR).

2.4Techniques for Authentication of Herbal
Plants Based on DNA
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Herbal formulations are a type of medication
comprising of one or more herbs or medicines
that are designed in equal amounts to provide
particular nutritional and cosmetic benefits for
a cure, treatment, prevention, alteration of a
physical or psychological structure or
morphology. DNA-based methods have been
widely used for the authentication of medicinal
plant species. In cases where other individuals
or varieties that are morphologically and/or
phytochemicals distinguishable are often
substituted or adulterated, this is particularly
useful. DNA Techniques for authentication of
herbal plants are explained in Table.3.

Table 3: DNA Techniques for authentication of
herbal plants

Various DNA-based methods, including herbal
remedies, involving the processing of raw
herbs and/or herbal substances are discussed
herein in table.4.

Table 4: Various DNA-based methods,
including herbal remedies, involving the
processing of raw herbs and/or herbal

substances

2.5 DNA barcoding

DNA barcoding has been extensively used in
many scientific fields, including ecology,
evolutionary theory, cell biology, neuroscience,
geochemistry, and bio-industry. The
mitochondrial gene cytochrome c¢ oxidase
subunitl (COIl) was proposed as a barcode for
species  recognition in all rodents.
Mitochondrial genes are mostly not
appropriate for use as barcodes in plants once
they have low nucleotide replication and lower
evolutionary rates that are poorly involved in
the identification of plant organisms. The
universal barcode region should be introduced,
expanded, and classifies all plant species,
such as challenges for the several researchers
are proposed genome regions  with
evolutionary rates than the mitochondrial
genes such as barcodes for plants. DNA
barcoding has shown substantial advances in
medicinal plant research in recent years. 60
Besides, a broad variety of herbal products
have been used as industrial quality assurance
and authorization tools. Most of the herbs are
used in the Japanese and Chinese
pharmacopeia, the set of the procedure is
applied, the authors proposed as a standard
barcode for foreign applications and the safe
use of herbs. DNA barcoding is used in raw
botanicals and/or herbal product
authentication; including herbal remedies are
shown in table.5.

Table 5: DNA barcoding used in raw
botanicals and/or herbal product
authentication, including herbal remedies.
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2.6 Real-time PCR and HRM analysis

The real-time PCR relies on the use of
characteristic primers to amplify fragments of
prey PCR, which is an important benefit for

dietary herbal analysis  that often
accommodates highly degraded DNA. In
several diagnostic and food analysis

laboratories, it is the method of choice since it
relies on real-time monitoring of product
formation during reaction and accuracy by
accurate probes or amplicon melting curve
analysis. The combination of high sensitivity,
accuracy, reliability, low cross-contamination,
and reduced time analysis is the advantage of
making real-time PCR an appealing alternative
to traditional PCR. HRM (High-Resolution
Melt) Analysis is a tool; It facilitates the gradual
denaturation of PCR-amplified DNA since the
temperature rises slowly and the genetic
variants are analyzed. In real-time PCR
applications, high-resolution instrumentation
and new-generation fluorescent dyes are
used. HRM is a method that is simple, cost-
effective, high-performance, highly accurate,
and sensitive. These developments were
focused on alternative methods of Gene
delivery, namely, sequence isothermal
amplification (LAMP, HAD and NGS) New and
enhanced sequencing technologies are
categorized as faults of first-generation
sequencing are discussed and techniques are
explained in Figure.3.

Fig 3: Isothermal amplification methods

The application of real-time PCR and HRM for
the identification of raw botanicals and/or
herbal products, including herbal medicines, is
discussed herein in Table.6.

Table 6: The application of real-time PCR and
HRM for the identification of raw botanicals
and/or herbal products, including herbal
medicines

Advanced DNA-based techniques for the
detection of raw herbs and/or herbal products,
particularly natural supplements. (HDA, LAMP,
NGS) are shown in table.7.

Table 7: For the authentication of natural
herbs and/or herbal products, including herbal
remedies, advanced DNA-based techniques
(HDA, LAMP, and NGS).

3. CONCLUSION

DNA fingerprinting seems to have a wide
variety of uses and is used for herbal security.
It has been shown that DNA fingerprinting is a
tool for the detection and identification of
various adulterants and can distinguish
between individuals, species, and populations.
Fingerprinting techniques, PCR cycles,
complex genotyping techniques, DNA-based
authentication techniques for herbal plants
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such as DNA techniques, DNA barcoding,
real-time PCR & HRM analysis, and Advanced
DNA-based strategies such as (HAD, LAMP,
NGS) are used for the authorization of raw
herbs and/or herbal products for the analysis
of DNA interventions even if in a process,
products were made from pills, powders,
tablets or dried types. In this study,
phytochemical consistency contains multiple
given concerning the chemical composition
present in herbal drugs. A Summary of DNA
Finger Printing Techniques Used In the study
of Herbal Products, DNA strategies fined
things simple to standardize herbs to compare
other techniques.

4. Outlook

The development of new bioactivity measures
for concurrent engineering in natural plant
science and industrial usage is a DNA-based
authentication scheme for medicinal plants.
This goal was accomplished through the
advancement of DNA-based tools by providing
a broad variety of tools, from easy and reliable
approaches based on species-specific PCRs
to advanced DNA barcoding and high-
performance and multi-target Bioinformatics
tools A critical feature of this software of DNA-
based methods is the accuracy of DNA
retrieved before the analysis. Large-scale
identification of SNPs (single nucleotide
polymorphisms) and SSRs (simple sequence
repetitions) by greater sequencing approaches
seems to have become standard, and highly
addressable SNPs -based genotyping by
decoding methods is already used for
numerous technologies in many plant species
and genetic elements. They can quickly realize
that so many of the HMPs aren't powerful and
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that some can cause serious health problems.
Awareness can also help increase consumer
interest in the consumption of HMP,
particularly if it is of a standard of excellence.

5. Abbreviations

DNA — Deoxyribose Nucleic Acid
RNA — Ribonucleic Acid

WHO — World Health Organisation
PCR —Polymerase Chain Reaction
LAMP - Loop-Mediated
Amplification

HDA — Helicase-Dependent Amplification
NGS — Next-Generation Sequencing
HRM — High-Resolution Melt Analysis

Isothermal

RFLP — Restriction Fragment Length
Polymorphisms
AFLP - Amplified Fragment Length

Polymorphisms

SCAR — Sequence Characterized Amplified
Region

ISSR — Inter Simple Sequence Repeat

RAPD — Random Amplified Polymorphic DNA
SNPs — Single Nucleotide Polymorphisms
SSRs — Simple Sequence Repetitions
TLC — Thin Layer Chromatography
HPTLC - High-Performance Thin
Chromatography

COlI - Cytochrome C Oxidase Subunit 1
RbcL - Ribulose 1, 5-Bisphosphate
Carboxylase/Oxygenase Large Subunit

ITS -Internal Transcribed Spacer
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and gums

Medicinal herbs consist primarily of
pieces of fresh plant extracts, oils,

To authenticate fresh herbs and/or

herbal products for the analysis of

[ DINA strategies

Table 1: PCR cycle

Polymerase Chain Reaction (PCR)

1. Heat Denaturation

2. Annealing

3. Primer Extension

The double-stranded DNA in two distinct
stands is expressed by all these levels.
For 30 seconds, the degree of
denatured proteins is 95 ° C or 97 ° C
for 15 seconds, but  warmer
temperatures may also be appropriate
for nucleic acids enriched in guanine
and cytosine.

In that period, one primer binds to one
DNA strand's 5 'end, as well as the
other primer binds to its comparable
strand's 3' end. Annealing is a single-
stranded DNA hybridization of primers,
or the length of time required for primers
varies on the primers' target sequence,
frequency, and quantity.

The temperature varies for Tag DNA
polymerase, which one after another
adds complement nucleic acids to the
3'OH primer group. At 72 °C, nucleotide
integration predictions range from 100
nucleotides per second, depending on
the pattern's pH level and DNA template
consistency.

Denaturation at 94-96°c (Cyclel)

Annealing at-68°c (Cycle2)

Elongation at ca.72° (Cycle3)
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Table 2: Complex genotyping techniques (RAPD, AFLP, RFLP, and ISSR)

The specific methods of genotyping (RAPD, AFLP, RFLP, ISSR) are applied and discussed

Special replication primers (SSRs), 1 to 6 nucleotides in
length, are microsatellites, indicating a high degree of

Simple sequence repeats (SSRs) polymorphism. SSRs can be marked by unique marking or by
radio-labeling with electron microscopy, as with any DNA
fragment.

RFLPs are irregular fragment lengths of DNA obtained from
cutting sequences of Fixed Amount of Tandem Repeat
Restriction fragment length polymorphisms (RFLP) (VNTR) with restriction enzymes at specific sites up to 30
sequences long. Throughout this way, DNA magnification of
PCR is not expected.

AFLP is also an RFLP-based method based on PCR that
incorporates primers to enhance sequence selection. AFLP

Amplified fragment length polymorphism (AFLP) employs restriction enzymes for genomic DNA-cutting
followed by an additive activation to the restriction fragments'
sticky ends.

RAPD is among the major tests most frequently used to
monitor for variations mostly in DNA sequences of several
flowering plants. Through using random amplification, RAPD
comprises fishing/searching the sequence. If another band of
interest is calculated by a 2-dimensional run, the gel is cut
and the DNA is retrieved and analyzed. If another band of
interest is calculated by a 2-dimensional run, the gel is cut
and the DNA is retrieved and analyzed.

Random amplified polymorphic DNA (RAPD)

ISSR is a broad term for closely spaced microsatellites that
are used as PCR primers with additional segments. Restricted
amplification period length prevents unwanted replication
during PCR of extremely long contiguous DNA sequences
that can lead to a mixture of amplified DNA strands which are
typically short but somewhat long.

Inter Simple Sequence Repeat (ISSR)

Table 3: DNA Techniques for authentication of herbal plants

S.no Title Plant Technique used References

Authentication of the
endangered medicinal content, Saussurea lappa C.B Sequencing Based
Saussurea lappa, by ITS DNA Clarke. Markers

and 5S rRNA sequencing

13

Genetic characterization and

authentication by RAPD-PCR

and SCAR marker of Embelia
scales

Embelia ribes Burm.F. SCAR 14

Development of SCAR marker .
3 for authentication of Pueraria Pueraria tu\l:l)\%gse Roxb.ex SCAR 15
tuberosa (Roxab. Ex. Willd.)DC )

Cinnamon (Cinnamomum spp.)
genetic identification based on
trnL-trnF chloroplast DNA
Genetic material

Cinnamomum zeylanicum Sequencing 16

Aloe species recognition by
spontaneous amplified
polymorphic DNA (RAPD)
analysis

Aloe arborescens Miller. RAPD 17

Detection by real-time PCR of
celery (Apium graveolens),
mustard (Sinapis alba,
Brassica juncea, Brassica
nigra) and sesame (Sesamum
indicum) in fruit.

Apium graveolens L. Real time PCR 18

Application of SCAR (sequence
characterized amplified region)
7 analysis to authenticate Lycium Lycium barbarum L. SCAR 19
barbarum (wolfberry) and its
adulterants
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Table 4: Various DNA-based methods, including herbal remedies, involving the processing of
raw herbs and/or herbal substances

. . Material of the plant/ References
S.no DNA Technique Species of Plant type of sample
Medicagosativa; Trifoliumpratense Capsules 20
Dried and fresh
Twenty-one Ephedraspp. (including products, herbal
E.sinica), Gnetumgnemon, mixtures, pills, 21
W elwitschiamirabilis capsules, aerial
components,
1 Conventional )
PCR Echinaceaspp.; Matricaria chamomilla Plant extracts, dried 22
plant material
Tablet, pills, or a
Panaxginseng liquid, and injection 23
products
L . . Concentrated Chinese
Angelicasinensis, Panaxnotoginseng . 24
medicine granules
Puerariacandolleivar.mirifica; .
; - - Leaves, commercial
Puerariacandolleivar.candollei; herbal drugs 25
Buteasuperba; Mucunacollettii
o I Leaves in natural and
Maytenusaquifolia; Maytenus ilicifolia processed 26
2 PCR-RFLP Terminaliachebulavar.chebula; T.
chebulavar.nana; T.bellirica;T. catappal.; Leaves, fruits, 27
T.citrina;Phyllanthus emblica; powders
CombretumindicumL.
Tetrastigmahemsleyanum Fresh leaves 28
Pulsatillachinensis Leaves, roots, powder 29
Panaxginseng Lea_vgs, single-taste
medicines, compound 30
medicinal preparation
Cynanchumwilfordii; Polygonum multiflorum Plant, seeds, herbal 21
3 ARMS medicine
Terminaliachebulavar.chebula;T.
chebulavar.nana; T.bellirica; T. catappalL.; Leaves, fruits, 32
T.citrina; Phyllanthusemblica; powders
CombretumindicumL
Cynanchumwilfordii Leaves, dry roots 33
Aconitumheterophyllum Dried tubers 34
Garden|ajas_m|n0|desE_II|svar. Leaves, dried fruits 35
4 SCAR . gra.lndlfloraNalfal _
Akebiaquinata; AkebiaTrifoliat Fresh leaves, herbal 36
medicines
Araliacontinentalis; Angelica biserrata; Leaves, herbal 37
medicines
. . Leaves, herbal
Adenophorastricta; Adenophora triphylla medicines 38
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Table 5: DNA bar coding used in raw botanicals and/or herbal product authentication,

including herbal remedies

s.no Plant material/species Plant material/ type of sample Reference
1 5,905 genus of (mt_edicinal_ plants and species Leaves 38
closely associated with each other)
. . . Dried leaves and medicinal products
2 85species belonging to Fabaceae family for commercial use 39
3 (from 7 separate locations) Cinnamomum Dried leaves 40
osmophloeum
4 Rutagraveolens Leaves 41
Panaxspecies, including but not limited to, P.
bipinnatifidus, P.ginseng, P. japonicus,
5 P.notoginseng, P. pseudoginseng, Leaves 42
P.quinquefolius, P.stipuleanatus, and
P.trifolius
6 Boerhaviadiffusa Leaves 43
Panaxspecies, including Other species, like
7 . Echinaceapurpirea an_d . Roots, tea, liquids, capsules, tablets 44
Hypericumperforatum, are P. quinquefolius
and P.ginseng.
92species Museum medicinal specimens 45
Lonicerajaponica / L.Macranthoides ,
L.L.hypoglaljjcg; L.confuse; fulvotomentosa; Dry flowers 45
10 Serenoarepens Tissues from dried leaves and herbal 46
supplements
44plantproductsrepresenting30
11 differentspecies 50leafsamplesfrom42plant Leaves, capsules, powder, tablet 47
species
12 2,431 medicinalplantspecies Dried leaves, dried stems 48
. . Dry but rather granulated leaves, dried
13 Gingkobiloba L. inorganic greenery harvest 49
20 species of Cassia, including C.tora,
14 C.ogcidentalis, C.senna, and gé:.italic. Leaves 50
Sennaalata; S.auriculata; S. siamea; S.atora;
S. occidentalis; S.hirsuta;S. urattensis; . .
15 S.polyphylla; S. uniflora; Cassiafistula; Dried leaves, bark, fruits 51
Chamaecristakleinii
. - Branches, leaves, entire tree, stalks,
16 Sidacordifolia seedlings efc. 52
131 samples of non-Aristolochiaceae (33
17 species of Clematis, Cocculus, Akebia, etc., Dried material 53
including 20 genera from 12 families)
1,436 raw herbal samples representing 295
medicinal species from 7 major TCM markets
in China (including 515 radix etrhizoma
18 samples, 451 fruit and seed samples, 115 Raw herb material 54
herbal samples, 98 floss varieties, 82 stem
samples, 93 cortex samples, 59 folium
samples and 23 fungus samples)
19 47 species Roots, leaves, barks, powder 55
20 Fritillaria cirrhosa Bulb’s 56
21 Smithia conferta Dried leaves 57
22 Eleuthero coccus senticosus; Rhodiolarosea Roots, plant extracts 58
Garciniagummi-gutta (L.) Roxb.,
G.xanthochymus Hook.f.exT. Choisy, Leaves (n=11 genus with 2 to 5
G.morella (Gaertn.) Desr. G.mangostanalL., G. individuals for each organisms) and
Anderson, G.indica(Thouars)Buch.-Ham., én vidua . g dlor G.indi
23 G.lanceifolia Roxb., G.spicataHook.f., hart():lr?la gumd_ml-guitiloan or | n |c§1 59
G.cowaRoxb.exChoisy., ‘lirl a fe]??e |esb(n- ’CI""%S.U ?s an
G.talbotiiRaizadaexSantapau, tablets) of just about any ndigotera -
g - commerce species.
G.livingstoneiT.Anderson,
G.pedunculataRoxb.ex.
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Table 6: The application of real-time PCR and HRM for the identification of raw botanicals

and/or herbal products, including herbal medicines

DNA technique Species Plant ms;ta:?llétype of Reference
(Tac?h/?::;&n(;%i)cr:ci)es) Cynanchumwilfordii Fresh leaves, dry roots 60
(33 species Clematis, Cocculus, Akebia,
Real-time etc., including 20 genera from 12 . .
PCR(TagManprobes) families) 131 specimens of non- Dried plant material 61
Avristolochiaceae
Real-time PCR (SYBR G!nseng f_rom Panax (5 different Fresh leaves 62
Green) cultivars) Ginseng from Panaxnoto.
Real-time Juglansregia L., Matricariarecutita L., Dried material from plants, 63
PCR(TagManprobes) QuercusroburL. finished medicinal products
New leaves, fresh sources,
popular products; (powder,
HRM/Bar-HRM Panax ginseng; P.quinquefolius pellets, extracts, dried roots, 64
sugar or honey ginseng,
beverages, tea powder)
Plant material, capsule,
Phyllanthusamarus tablet, tea 65
Acanthuse bracteatus; Andrographis New and mature plant 66
paniculata; Rhinacanthus nasutus material
New and dried organic
Thunbergia laurifolia matter, professional 66
collections
Hypericumperforatum;Hypericum Leaves, seeds, herbal 67
androsaemum infusions
Cynanchumwilfordii;Polygonum Plant, seeds, herbal 68
multiflorum medicine
(Acanthaceae, Zingiberaceae,
Leguminosae, Araliaceae, Vitaceae,
Papilioneae, Cucurbitaceae,
Moringaceae, Lamiaceae, Plant material 66
Euphorbiaceaceae, Piperaceae,
Compositae, Menispermaceae,
Compositae) 96 popular Thai medicinal
herbs
Artemisiaargyi, A.annua, A.indica, Dry organic matter, 69
A.lavandulaefolia, A.atrovirens agricultural herb commodities
Sage (SalviaofficinalisL.), Greek sage
(Salviafruticosa), chamomile
(MatricariachamomillaL.), mountain-tea
(Sideritisscardica), oregano
(Origanumvulgare), Cretanoregano Plant tissue 70
(Oreganoonites), yarrow
(Achilleamillefolium), lemonbalm
(Melissaofficinalis) and rosemary
(Rosmarinus officinalis)
Stem, leaves (decoction
Dendrobium officinale; Dendrobium pieces and Dendrobium 7
huoshanense; material) and commercial
samples
Glycyrrhiza uralensis; glabra glycyrrhiza; Leaves, commercial herbal 79
inflata Glycyrrhiza products
. Plant tissue and commercial
Senna alexandrina 73
samples
Tinesporacrispa Dried plant tissue, tablets, 74
capsules
Annonamuricata (soursop) Leaves, commercial herbals 74
products
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Table 7: For the authentication of natural herbs and/or herbal products, including herbal
remedies, advanced DNA-based techniques (HDA, LAMP, and NGS)

DNA technique Species Plant material/ type of sample Reference
Panax ginseng;P. quinquefolius; Powder, dried roots, tea
HAD ; - 75
P.noto ginseng granules, regular materials
Curcumalonga; Curcuma aromatic rhizomes 76
Panax ginseng; Glycyrrhiza Plant material, herbal 77
uralensis; Panax japonicas medicines
ngellasatl\r/gs;g;tharanthus Seeds 78
LAMP Hedyotisdifusa Herbal materials 79
Taraxacumformosanum; Dried leaves 80
. Leaves, roots, stigmas,
Crocus sativus L. filaments, petals 81
From 68 families, several different Flakes, powder, pills, tablets, 82
species herbal tea
Rehmanniaglutinosa, Cornus
officinalis, Dioscorea opposita, Traditional Chinese medicines 83

Poriacocos; Paeonia suffruticosa;
Alismaorientalis

Dry aerial materials, seeds and
roots; extracts of plant, samples
combined with raw resources of 84
plants, content with or without
supplements;

Echinacea purpurea, Valeriana
officinalis, Ginkgobiloba,
Hypericumperforatum,

NGS/ metabarcoding !
Trigonellafoenum-graecum

Plant components, dynamic

17 (Angiospermae and mixtures of models, industrial

Cycadopsida) plant species specimens of traditional 85
medicinal products (capsules)

Veronica officinalis L Dried leaves, herbalteas, 86
extracts, capsules, candies

H.perforatum Herbal teas, capsules, tablets, 87

extracts

[ Finger printing techniques ]

Chromarographic
Based Markers DNABased

Markers

N T Thin layer
chromatography (TLC) |

Hybridization ;
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