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	 After a through literature review it was found that significant supporting evidences can 
be obtained through forensic botany in the course of criminal investigations. Nevertheless, this 
field of inquiry remains underutilized, as its most prevalent use is restricted to the identification 
of specific and suspected illicit plants. Plant evidences gathered at the crime scene could be 
a crucial piece in gathering information such as the suspect's route tracing, establishing links 
between crime scenes and suspects, examining alibis, identification of a narcotic plant and 
identifying rare or endangered species, determination of geographic locations of plant varieties 
etc. Conventional morphological attributes prove inadequate for the identification and species-
level differentiation of numerous plant materials in instances where botanical specimens are 
degraded and devoid of physical characteristics. Because of this reason there is a need to rely 
on molecular techniques where identification will be solely based on analysis of the nucleotide 
sequences of the genome of the plants. Several studies have demonstrated the successful use 
of chloroplast DNA and its various barocode regions for taxon/species level identification of 
the different botanic evidences. Coding and non-coding regions of plastosome like rbcL, matK, 
trnH-psbA, trnL-trnF and their multiple combinations have helped in identifying Santalum 
species, Paphiopedilum species, Aloe species, woody plants and medicinal herbaceous plants. 
The technique of DNA barcoding is efficient, rapid, and precise when it comes to identifying 
plant species by examining the base sequences found in the genome (chloroplast, mitochondria 
or nuclear genome). In this review article we have collected manuscripts on application of DNA 
barcoding using chloroplast DNA barcode regions for species identification in plants.
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	 A chloroplast is a cell organelle mostly 
found in plants and algae. It is photosynthetic 
as it contains huge amount of chlorophyll 
(green coloured pigments). The chloroplast 
consists of three membrane systems: outer 
membrane, inner membrane, and thylakoid system, 

where photosynthesis occurs. The matrix of the 
chloroplast, called as ‘stroma’, contains cpDNA 
(Plastosome), chemicals, enzymes and ions. 
Multiple copies of cpDNA molecules are found 
within individual chloroplasts. Structurally, cpDNA 
is a double stranded, closed circular in shape with 
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1,20,000 to 1,70,000 base pairs long1. As compared 
to mitochondrial DNA (mtDNA), chloroplast 
DNA(cpDNA) is much larger in size. Its size can 
varies from species to species as well with high 
degree of variations. That’s why cpDNA genomics 
can be considered as an important evidence in 
forensic identification of plant species.
	 A number of repetitive DNA sequences are 
also found in the cpDNA that repeats themselves 
more than once throughout the DNA. One of such 
repetitive sequences is known as ‘Inverted Repeats’ 
or IR sequence. These sequences are conserved 
within the species and vary in their positions as well 
within the chloroplast genome. As these ‘conserved 
sequences’ vary in their positions as well as base 
sequences from species to species they can be 
greatly employed in interspecies and intraspecies 
identification due to high degree of variability. It 
also helps in establishing phylogenetic relationships 
among different plant species.
	 Chloroplast microsatellites are also widely 
distributed throughout the chloroplast genome 
that helps in understanding the genetic diversity 
among the plant species. These microsatellites 
are the tandem repeats of nucleotides known as 
‘Simple Sequence Repeats’ or SSR. SSRs are 
commonly found in the nuclear and organellar 
genomes of eukaryotic organisms3,4,5,6. These 
markers are highly regarded as excellent molecular 
markers for investigating plant genetics4,7. As these 
chloroplast microsatellites have advantages of 
high polymorphism and multi-allelic loci, these 
are greatly exploited of being used as reliable 
DNA Barcodes and thus can be employed in DNA 
Barcoding techniques for species identification.
	 More than 420,000 plant species are present 
worldwide, as indicated by the 2022 International 
Union for Conservation of Nature (IUCN) Red 
List data. However, only a portion of these species 
can be identified using conventional taxonomy7 
based on phenotypical characteristics. But the use 
of conventional taxonomy for identifying plant 
species holds a lot of challenges as this method rely 
on morphological characteristics for identification 
which is susceptible to environmental influences. 
It is imperative to incorporate molecular methods, 
such as Plant DNA barcoding, to address the 
difficulties presented by these constraints. DNA 
barcoding offers an efficient and expeditious 
approach for the identification of organisms, plants 

or any animal8,9. This technique utilizes DNA 
Barcodes, a standardized nucleotide sequences 
consisting of 400-800 base pairs that are unique 
thus useful in identifying organisms following 
amplification, sequencing, and comparison with 
a reference database containing the relevant 
sequences from different species10.
	 In forensic investigations, DNA barcoding 
is an invaluable technology that enables the link 
between biological specimens and crime incidents. 
Specifically, the analysis of botanical evidence 
found at crime scenes, such as in instances involving 
the movement of a deceased body, monitoring 
the trajectory of a suspect, or recognizing illicit 
pharmaceutical plants, can have a crucial impact 
on the resolution of criminal investigations. Due 
to anthropogenic activities , illegal trading or 
smuggling of rare plant species it becomes crucial 
to conserve them to prevent their extinction 
from the natural habitat. For conservation, it is 
crucial to accurately identify those plant varieties 
and this can be achieved through plant DNA 
barcoding technique. Therefore, it also plays an 
important role in protecting and conserving rare 
endangered and threatened plant species. DNA 
barcoding is also known to be very efficient method 
employed in the authentication and traceability 
of food, particularly in processed consumables 
and nutritional supplements11,12. Among other 
innovative analytical techniques, the US Food 
and Drug Administration (FDA) promotes the 
use of DNA-based technology for the quality 
assessment of herbal products too13. The field of 
forensic science is considerably impacted by the 
application of plant DNA barcoding in forensic 
botany, which improves the accuracy and efficiency 
of investigations14.
	 Chloroplast  genome has  a  wide 
applicability in various fields ranging from 
biodiversity assessment, authentication of 
medicinal plants and food items, improves plant 
breeding and crop varieties to curbing wildlife 
crimes involving plants as illustrated below in 
Figure 1:    
Importance of plant DNA barcoding system 
using cpDNA
	 The crime scene typically contains a 
variety of evidences, including not only human 
blood, hairs, and sperm, but also plant and 
animal-derived evidences. The examination of 
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both non-human and human DNA is becoming 
increasingly important in crime investigations. In 
the past, human identification has been crucial in 
establishing evidence, but today, non-human DNA 
analysis stands out.
	 Significant supporting evidence can be 
obtained through forensic botany in the course of 
criminal investigations. Nevertheless, this field of 
inquiry remains underutilized, as its most prevalent 
use is restricted to the identification of specific and 
suspected illicit plants. Plant evidences gathered 
at the crime scene could be a crucial piece in 
gathering information such as the suspect’s route 
tracing, establishing links between crime scenes 
and suspects, examining alibis, identification of a 
narcotic plant and identifying rare or endangered 
species, determination of geographic locations of 
plant varieties etc. Conventional morphological 
attributes prove inadequate for the identification 
and species-level differentiation of numerous 
plant materials in instances where botanical 
specimens are degraded and devoid of physical 
characteristics, therefore an accurate and reliable 
molecular identification system is very much 
essential for such purpose. At present, several 
biomarker models that are already in existence 
serve as potential sources of DNA fingerprinting 
generators (RAPDs, AFLPs, SSRs, SNPs, and 
SCARs). These models generate unique identifiers 
for each organism15 and can distinguish between 
organisms of different taxonomic levels, such as 
genera, or even distinguish distinct varieties within 
the same species. 
Multigene Approach To Identify Botanic 
Evidences Using Chloroplast Non-coding 
Barcode Regions
	 By uti l izing DNA sequencing,  a 
universal barcode system, and other biomolecular 
techniques that are routinely employed in forensic 
investigations, Ferri et al. (2009)16 conducted a 
study using multigene barcoding approach, where 
two chloroplast non-coding barcode regions trnL-
trnF and psbA-trnH were used to identify and 
discriminate the botanic evidences. In order to 
assess the comparative discriminatory capability 
of the psbA-trnH and trnL-trnF loci, 63 chosen 
plants from the local flora were subjected to DNA 
extraction, invitro PCR amplification and sequence 
analysis by aligning the sequences utilizing the 

Jalview Java alignment editor in conjunction 
with Clustal W version 1.8. It was found that 
the selected barcode regions were successfully 
amplified for most of the plant species as it has 
successfully resolved monophyletic species in 
60% of cases, with higher taxonomic identification 
achieved for remaining samples thus, proving the 
reliability of using the multi-marker approach for 
species identification. The utilization of multigene 
barcoding in forensic investigations to identify 
species has demonstrated remarkable efficacy and 
carries substantial ramifications for the field of 
forensic botany.
Identification Of Papaver somniferum Using 
Chloroplast DNA Barcode Regions
	 In an attempt to individualize Papaver 
somniferum, nine cpDNA barcode regions was 
utilized for forensic intelligence purposes by 
Graham & Houston (2022)17 on “Evaluation 
of chloroplast DNA barcoding markers to 
individualize Papaver somniferum for forensic 
intelligence purposes”. The nine cpDNA barcode 
regions which were considered are ndhF-rpl32, 
petA-psbJ, rpl32-trnL, rps16-trnQ, trnE-trnT, 
trnH-psbA, trnL-trnF, rpl16 intron, and psbE-
petL for the screening of inter-species and 
intra-species variations and individualization in 
P.somniferum plant. For this purpose of research, 
10 P.somniferum seed samples were collected 
from different vendors and then sequenced and 
compared with the published reference genomes 
from the NCBI GenBank database. Opium poppy 
(Papaver somniferum L.) is a plant of forensic 
significance owing to the milky latex contained 
within its capsules, which is utilized for both illicit 
and medicinal purposes. Morphine, codeine, and 
thebaine, alkaloids present in this latex, are utilized 
for their analgesic properties and/or in the synthesis 
of additional opioids. All these has led to their 
over exploitation, over harvesting and illicit trade. 
In order to curb these, use of morphological and 
chemical identification methods have not proved 
beneficial, therefore exploitation of the selected 
plant genome using the chloroplast DNA barcoding 
markers proved beneficial in accurately identifying 
the species of interest.
	 Researchers have found that out of 9 
cpDNA barcode markers considered, petA-psbJ and 
trnH-psbA regions hold potential for interspecies 
and intraspecies individualization of P.somniferum.
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Identification Of Different Aloe Species Based 
on Specific cpDNA Barcodes
	 Das & Joshi (2023)18 conducted a 
research on ‘Development of specific barcodes for 
identification of Aloe species based on chloroplast 
DNA barcoding’, where they have developed 
specific barcodes for five different species of Aloe 
based on SNP (Single Nucleotide Polymorphism) 
analysis of selected barcode sequence for the 
purpose of species specific identification and also 
a DNA QR (rapid response) code was generated 
for each sequence in correspondence. This research 
assessed the two chloroplast DNA identifiers rbcL 
and matK in order to establish a foundational 
framework for the identification of species and 
the conservation of germplasm of Aloe species 
because matK and rbcL, two variable-coding 
genes found in chloroplasts, are among the most 
thoroughly researched in angiosperms; they have 
been suggested as a universal barcode for terrestrial 
plants. Then, after obtaining the sequences 
‘Maximum Parsimony’ approach was made to find 
out the genetic or evolutionary relatedness of the 
aloe sequences. 49 Aloe accessions were classified 
into four main clades based on the findings of the 
matK phylogenetic analysis. In the same manner, 
the 29 accessions of Aloe were classified into two 
clades according to the rbcL phylogeny. Therefore, 

the feasibility of creating a chloroplast-based 
barcode for the identification and discrimination 
of closely related plant species as well as their 
conservation was demonstrated in this study. 
Molecular Approach Of cpDNA Barcoding For 
Identification Of Endangered And Endemic 
Orchids of India
	 Similarly, Srivastava & Manjunath 
(2020)19 utilized the molecular method of DNA 
Barcoding for identification of endangered and 
endemic orchids of India, In this study, 62 samples 
representing 35 species and 7 genera were gathered 
in total. MEGA-X software was utilized to compute 
evolutionary divergences and the barcoding gap in 
order to identify the most appropriate barcoding 
region from the ITS, matK, rbcL, and trnH-psbA 
loci and utilizing BLAST analysis, the barcoding 
locus with the highest species resolution was 
identified. Out of 133 barcode sequences generated 
from the collected sample, 46 novel sequences 
were identified new to the GenBank database. 
After reviewing all the selected four candidate 
barcode markers using Distance, BLAST and tree 
building methods, it was concluded by the authors 
that ITS is the best single-locus barcode region to 
be considered for the accurate identification of the 
diverse orchid species. 

Fig. 1. Application Of Chloroplast DNA Barcodes In Various Fields
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Utilization Of Chloroplast Genome For Plant 
Traceability and Phylogeny To Curb Crimes 
Related To It
	 In a review conducted by Freitas et al. 
(2018)20 on utilization of the chloroplast genome for 
the traceability and phylogeny of plants via analysis 
of chloroplast DNA sequences demonstrated that 
the chloroplast genome is regarded as a potentially 
useful instrument for plant classification and 
differentiation, to ultimately curb the crimes related 
to food adulteration, illicit drug trafficking etc. 
In light of the growing concern for food safety, 
the identification of gene flow from genetically 
modified plants, and the development of more 
effective investigative tools for law enforcement, 
numerous studies have established the feasibility 
of employing cpDNA for these objectives.
	 There has been a growing concern 
regarding food safety, as well as the authenticity, 
quality, and legitimacy of food. This is largely due 
to the assessment of bioterrorism risks and the 
increasing implications of outbreaks of foodborne 
diseases21,22. Genetic traceability through PCR 
assay and Molecular marker techniques is a Fig. 2. Schematic representation of DNA Barcodes

Fig. 3. Ideal cpDNA single-locus and multi-locus barcodes used in Forensic botany that have successfully 
identified the mentioned items.
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method for ascertaining the genetic composition 
of plant products and including information about 
their origin, materials, or constituents used in 
the product21. These methodologies enable the 
verification and examination of the authenticity of 
the plant variety utilized in both product design and 
multiple stages of processing23. Likewise, tracing 
the routes of drug trafficking of illicit drugs could 
assist law enforcement in elucidating and combating 
drug-related offenses as it can provide information 
on geographical origin of the drugs from where it 
has came from24. Traceability of plants, such as 
Cannabis sativa and Papaver somniferum may 
also provide genetic information distinguishing 
plants grown for medicinal use from those grown 
for illicit use. In an experiment conducted on the 
two abovesaid species by Freitas et al. recently 
provided evidence of the utility of chloroplast 
genome sequences in forensic application where 
they differentiated various cultivars of C. sativa 
based on cpDNA, demonstrating that this cpDNA-
based method is a viable and replicable instrument 
for tracing this species. The implementation of 
cpDNA markers derived from plants could provide 
an alternative method for such purpose for more 
precisely tracing the origin of seized plants and 
drugs. 
Applicability Of Chloroplast Genome For 
Identification Of Plants From Trace Evidences
	 Chloroplast gene has also played a 
significant role in identifying the plants from 
trace evidences collected from crime scene as 
demonstrated by Bever & Camino25, in their work 
on ‘Identification Of Plants From Trace Evidence’. 
As the application of molecular systematic botany 
in forensic science is expanding, DNA-based 
techniques have been utilized to locate suspects 
at the site of the crime and to identify strains of 
marijuana in criminal cases26,27. Most botanical 
evidences are recovered in the form of mixtures 
as trace evidences and identifying each component 
plant from the mixture using traditional methods 
of identification based on macroscopic features is 
cumbersome and sometimes less effective also. 
Therefore, using genomic information based 
on DNA isolation is crucial. Investigation was 
conducted on two different type of botanical 
mixtures, one made up of previously identified 
eight plant specimens (Mixture 1) and another 
mixture made up of dust obtained from a piece 

of mock evidentiary clothing of unknown origin 
(Mixture 2). DNA was extracted from each of the 
collected samples from each type of the mixtures 
and was quantitate using AGE(Agarose Gel 
Electrophoresis). Then, was subjected to PCR 
amplification. For the amplification of DNA of 
eight plant samples from the mixture 1, rbcL 
gene encoded in chloroplast genome and a plant 
specific molecular marker was considered. For 
the amplification of extracted DNA from the dust 
samples molecular markers rbcL and ITS regions 
were considered. Phylogenetic analyses and 
BLAST were employed to ascertain the botanical 
affinity of the sequences in comparison to other 
sequences that were accessible in Genbank.
	 The botanical components of a mixture can 
be used for many aspects of criminal investigations 
as they can be used to infer the geographical 
location, habitat information as well as ecological 
data and can be used to identify potential matches 
or exclusion among the evidences collected. In 
the above study it was conferred that all the eight 
plant samples were successfully identified from the 
mixture to their known origin and also the primers 
ITS and rbcL effectively extracted sequences 
from the evidentiary dust and identified the trace 
botanical specimens to their genus level and species 
level as well.
	 It was discovered, although single-locus 
barcodes were utilized in identifying plant species 
they are not sufficient to identify every plant 
species, thus necessitates the use of multi-locus 
DNA barcode system. The CBOL [The Consortium 
for the Barcode of Life] Plant Working Group 
reports that the most frequently used marker 
combinations for identifying unidentified samples 
consist of the following sequences: matK, rbcL, 
rpoB, rpoC1, atpF-atpH, psbK-psbI, and trnH-
psbA28 as demonstrated in figure 2. We have 
reviewed some studies regarding this as mentioned 
below:
Regulation Of Illegal Timber Trade Using 
cpDNA  Approach
	 In order to monitor and regulate the 
illegal timber trade across the globe chloroplast 
DNA (cpDNA) has also played a significant role 
in identifying the smuggled wood varieties. Jiao 
et al. (2018)29 conducted a research on Santalum 
album and its adulterants in order to establish 
species level identification of the five selected 
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species of Santalum using cpDNA barcoding 
technique. Santalum L. is widely recognized 
for its fragrant heartwood extracted oil which 
diffused in to scent perfumes and incense sticks. 
Generally referred to as ‘Sandalwood’, it has high 
market value due to the increasing demand of its 
products and the detrimental consequences of 
escalating sandalwood product demand include 
the excessive and illicit logging of wild Santalum 
populations, which imperils their ecological 
distribution in numerous areas. cpDNA proved 
to be effective in curbing this. In general, wood 
identification through wood anatomy is the 
prevailing and customary approach. Nevertheless, 
this method is rather inefficient, particularly when 
it comes to identifying wood at the species level, 
due to the fact that taxonomically closely related 
species frequently possess comparable wood 
structures30,31 so, as a complementary to it, DNA 
barcoding method was adopted by the researchers 
in this study based on four candidate chloroplast 
DNA (cpDNA) barcodes, i.e. matK, psbA-trnH, 
trnK and trnL, along with their combinations to 
discriminate between five Santalum species and to 
identify them. As mentioned by Yu et al. (2017)32 
it is required to achieve a retrieval success rate of 
higher than 70% in order to develop DNA barcode 
method for wood specimens. And the current study 
showed that recovery success rate was the highest 
for trnK (95.9%), followed by matK (91.8%), trnL 
(89.8%) and psbA-trnH (73.5% ), which suggested 
that the above selected barcode markers have the 
potential to be employed in the wood forensics. 
After analyzing the inter-specific and intra-specific 
variation among the selected species of Santalum 
L. using Neighborjoining (NJ) and TaxonDNA 
methods, it was concluded that the combination 
of psbA-trnH + trnK demonstrated the highest 
level of efficacy in terms of discrimination ability 
and recovery rate (100%) and also using the 
suggested cpDNA barcodes, six unvouchered wood 
specimens were retrieved and accurately identified 
at the species level.
Use Of DNA Barcode Markers For the 
Identification Of Two Paphiopedilum Species
	 Thi Hai et al.  (2023)33 made an attempt 
to identify two Paphiopedilum species, which 
are over-exploited and illegally traded for their 
commercial values, i.e Paphiopedilum hangianum 
and Paphiopedilum emersonii based on DNA 

barcode markers. For such study, four chloroplast 
DNA(cpDNA) sequence markers were used matK, 
rbcL, rpoC1 and trnH-psbA, along with their 
various combinations. Basically, P.hangianum and 
P.emersonii are morphologically very similar that 
creates confusion in their identification and also 
distinguishing identical species within this genus 
becomes a more challenging task when the plants 
are juvenile or have not obtained their complete 
flowers. Thus, chloroplast DNA barcodes helped 
in individualization of the selected orchid species.
	 For such purpose of study, following 
DNA isolation, invitro amplification, sequencing 
using ‘ABI PRISM 3100 Avant Genetic Analyzer’ 
automatic nucleotide sequencer and phylogenetic 
study using MEGA X software, it was found 
that, trnH-psbA is identified as the sole marker 
with best differentiation ability and among the 
combination markers, only the trnH-psbA + 
matK complex was capable of differentiating 
between two closely related species according 
to the Vietnamese Paphiopedilum taxonomic 
system. Therefore, the DNA barcoding indicator 
successfully distinguished the two species with 
precision and speed, even when the plants were 
immature or devoid of flowers.
Identification Of Woody And Herbaceous Plants 
Using cpDNA Barcoding System
	 In a study conducted by Park et al. 
(2017)34 on identification of 11woody plants and 21 
herbaceous plants using DNA Barcoding system, 
4 different chloroplast genome barcodes along 
with their multiple combinations were used. The 
barcode regions that are used are trnH-psbA, rbcLa, 
trnL-trnF and matK region and their combinations 
include mixture of 2 markers -trnH-psbA+trnL-
trnF, trnH-psbA+rbcLa, trnHpsbA+matK, trnL-
trnF+rbcLa, trnL-trnF+matK and rbcLa+matK 
and mixture of 3 markers -trnH-psbA+trnL-
trnF+rbcLa, trnH-psbA+trnL-trnF+matK, trnL-
trnF+rbcLa+matK. 
	 Approximately 5mg of tissue samples 
from each of the selected plant specimens were 
collected for the research. All the collected tissue 
samples were then subjected to DNA extraction 
using manufacturer manual of DNeasy Plant Mini 
kit. Then the extracted DNA is amplified at the 
trnH-psbA, rbcLa, trnLtrnF and matK regions using 
the universal primers. Amplified PCR products 
were then confirmed by the electrophorese on 
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2% agarose gel. Utilizing an ABI 3130l genetic 
analyzer (Applied Biosystems, USA), the final 
products were arrayed or sequenced. In order to 
analyze the extremely similar sequences of the 
obtained base sequences, BLAST (Basic Local 
Alignment Search Tool) was utilized, which is 
located on the GenBank of NCBI (National Center 
for Biological Information).It has been found that, 
success rate of species identification using single 
markers trnH-psbA, rbcLa, trnL-trnF and matK 
were 84.4%, 71.9%, 65.6%, 62,5% respectively, 
out of which, trnH-psbA and trnL-trnF were able 
to identify all 11 woody plants but few herbaceous 
samples remain undetected. Among the marker 
combinations, 3-marker combinations showed 
higher identification success rate with an average 
of 91.4% than the 2-marker combinations. Thus, 
it has been concluded that using the 4 selected 
markers, species level identification of woody 
plant evidences collected from the crime scene 
was successfully conducted but some extra markers 
need to be considered also as the selected markers 
failed to identify some specimens among the 
selected herbaceous samples.

DISCUSSION

	 DNA barcoding, which was devised 
around two decades ago, has made a substantial 
contribution to the advancement of molecular 
systematics. DNA barcodes are standardized 
sequences, preferably unique, coding or non-
coding, derived from the organelles or genome of 
the organism, which are employed for the purpose 
of identifying and classifying an organismal 
group into various taxa. The procedure entails 
several steps, namely DNA barcode amplification, 
sequencing, and comparison with a reference 
database comprising the pertinent sequences from 
various species. In animals, this strategy has proven 
to be remarkably effective, as the COI has emerged 
as a universal DNA barcode utilized for the 
identification of taxa. However, the implementation 
of a universal DNA barcode in plants has not yet 
been accomplished.
	 Numerous investigations have been 
conducted to characterize plant DNA barcodes 
derived from the chloroplast. These barcodes 
include rbcL, trnH-psbA, matK, trnL-trnF, psbK-
psbI, and atpF-atp35 as it is discussed in the current 

study. Although these single-locus barcodes shown 
successful implementation in plant identification 
but failed in many cases which necessitates the 
use of their various combinations or multi-locus 
DNA barcodes as suggested by the CBOL [The 
Consortium for the Barcode of Life] Plant Working 
Group. Nevertheless, this methodology failed to 
yield a universally applicable combination for all 
plants. 
	 In real life settings, implication of plant 
DNA barcoding has immense importance as it can 
be helpful in botanical fingerprinting for verifying 
the authenticity of plant evidence as to find out 
whether a specific plant material is unique to an 
environment surrounding the crime area because 
it will help in linking suspects to the crime area. 
DNA barcoding can  also be employed to identify 
plants that are used in the production of illicit drugs, 
such as cannabis and coca plants. This assists law 
enforcement in identifying the origin of the drug 
production and distribution networks. In instances 
of illegal plant harvesting or trafficking (e.g., 
endangered cactus, orchids or medicinal plants), 
DNA barcoding is frequently utilized to identify 
the species and establish illegal activity, a critical 
component of wildlife crime investigations36. 
	 It can be considered that, the advancements 
in scientific technologies like NGS (Next Generation 
Sequencing) or Massive Parallel Sequencing, 
Third generation sequencing, Super barcoding 
can now possibly be employed to analyse larger 
sections of the chloroplast genome in plants to 
achieve the accuracy in species identification. 
The simultaneous sequencing of numerous DNA 
identifiers across a large number of samples is 
facilitated by NGS technologies. It is now possible 
to barcode entire ecosystems in a single run, as this 
significantly enhances the speed and scope of plant 
species identification. The cost of DNA sequencing 
per sample has decreased as a result of NGS, 
which has made large-scale barcoding initiatives 
more affordable for research and conservation 
efforts. Automation in DNA technologies have also 
enabled high-throughput DNA barcoding, which 
enables the simultaneous processing of thousands 
of samples with minimal human intervention.
	 A new technique of  Super-Barcoding 
offers novel opportunities in the field of molecular 
plant identification, particularly when single-
locus or multi-locus barcoding techniques fail to 
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adequately differentiate closely related species. The 
accuracy and scope of species identification have 
been significantly enhanced by the expansion of 
exhaustive DNA barcode reference libraries, such 
as the Barcode of Life Database (BOLD). These 
libraries now contain millions of DNA sequences 
for plant species, enabling more dependable 
comparisons. The efficient management and 
analysis of large DNA sequence datasets have been 
facilitated by advancements in bioinformatics. In 
order to expedite the classification of sequences 
and their alignment with reference databases, DNA 
barcoding workflows are incorporating AI and 
machine learning algorithms37.
	 Therefore, there is a need to utilize these 
techniques for improved efficacy in plant molecular 
identification and to develop a universal cpDNA 
barcode which can be applicable to discriminate 
every plant species thus, ultimately help the law 
enforcement community to curb various issues 
related to botanic evidences in crime investigation.

CONCLUSION

	 Ultimately, although DNA barcoding has 
achieved notable progress in plant identification, 
the task of creating a universal DNA barcode 
for all plant species still presents a problem. 
Advancements in chloroplast DNA (cpDNA) 
barcoding, especially using multi-locus methods, 
have showed potential but remain constrained in 
their capacity to universally distinguish between 
plant species. Recent technical breakthroughs, 
like as Next-Generation Sequencing (NGS) and 
super-barcoding, provide new opportunities for 
species identification with greater precision and 
efficiency. These methodologies have improved 
the effectiveness of vast-scale plant barcoding and 
can be used in forensic botany to tackle crucial 
problems such as connecting suspects to crime 
scenes, detecting illegal plants, and preserving 
endangered species. The ongoing incorporation 
of these sophisticated techniques, together with 
the expansion of DNA barcode reference libraries 
like the Barcode of Life Database (BOLD) and 
the enhancement of bioinformatics tools, will be 
crucial in attaining the objective of a universal plant 
DNA barcode and augmenting the significance of 
forensic botany in criminal investigations.
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