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Abstract A potent method for quickly analysing
species relationships, species composition, and, in
conjunction with trait databases, functional elements of
community biodiversity, is DNA metabarcoding.
Traditional approaches to assessing species richness and
abundance are constrained by taxonomic identification,
may harm or destroy habitat, and may rely on techniques
that make it difficult to find small or elusive species,
making estimations for entire communities unattainable.
By using highthroughput sequencing (HTS) technology,
this technique can sequence and extract data related to
DNA barcodes collected from environment and community
samples. An evolving technology called metabarcoding
makes use of huge libraries of DNA barcode sequences and

the improving throughput of DNA sequencing technologies.

Analysis of vertebrate diets was one of DNA
metabarcoding's earliest applications, and this technique is
still ~ effective for comprehending plant-pollinator
relationships. The scope of DNA research is constrained by
environmental DNA degradation since, especially in warm,
tropical areas, only very little remnants of genetic material
are frequently present. DNA metabarcoding is a novel
technique that is still under development. As technology
develops and protocols become more standardised, it is
expected that this method will stay in flux for some time.
Metabarcoding, however, is anticipated to become a crucial
tool for monitoring ecology and global conservation
research as it is improved and used more frequently.

Keywords DNA  Metabarcoding, Biodiversity,
Barcode, eDNA, Metabarcoding, HTS

1. Introduction

There is a lack of consensus on the rate or severity of

biodiversity loss because there is a paucity of consistently
observed data [1]. However, the threats that biodiversity
loss poses to ecosystem operations, continue to be a major
concern for society [2]. Characterizing biodiversity has
been widely utilized to accurately monitor and evaluate the
health of the environment [3]. Only a few ecosystems allow
us to quantify the degree of degradation, and we are unable
to distinguish between various stressors, both of which are
crucial objectives for environmental policing projects [4].
Sampling cost linked to skilled human labour and travel
affects the projects which deal with the assessment of
ecological communities. The purview of a study, which
comprises the extent of phylogenetic taxon coverage, the
depth at which taxa are characterised, and its spatial and
temporal coverage, must be balanced by ecosystem
monitoring programmes e.g., tropical forests; marine
sediments [5]. Metabarcoding has the unique potential to
provide a universal platform for the identification of all
phylogenetic groups existing in the ecosystem, even
expert's unidentified taxa e.g., streams [6]. "Biomonitoring
2.0" is the term given for metabarcoding for environment
monitoring.

DNA barcoding uses sequences from a signature area of
the genome to identify species at the level [7]. DNA
barcoding uses reference sequence libraries derived from
specific specimens identified by specialists. A database
containing the barcode sequences from these specimens
combined with the sequence's trace file is where the
information, known as metadata, is stored [7]. The Barcode
of Life Database (BOLD), which may be retrieved from
https://www.boldsystems.org, has one trillion DNA
sequences of pertinent freshwater biomonitoring taxa [7].
DNA barcode sequencing is done on specimens with
taxonomic identification. Without the requirement to
separate specific specimens, DNA barcodes can be used as
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the foundation of a reference database for the identification
at the specieslevel, of marker gene sequences that are
derived from the majority of variegated environmental
samples. This process has been defined as DNA
Metabarcoding [7].

2. Marker Selection

Affordable accessibility to high throughput DNA
sequencing (HTS) opens up a new scope of advancements
for DNA-based biodiversity research. This strategy, which
has a long history in molecular taxonomy and is the most
sophisticated in the field of microbiology, is being used in
analysis to characterize markers for taxonomic and
functional diversity assessment. A research community
focused on various taxonomic groups has identified unique
regions of DNA suitable for high-throughput taxonomic
discrimination (Table 1). The metabarcoding approach
gained strong traction as HTS technology evolved, and
researchers focused on different classification groups and
generated their markers and standard methodologies [8]. In
addition to the requirements for cheap and reliable
sequence data metabarcodes,appropriate markers are also
required. The Consortium for the Barcode of Life (CBOL)
has opted to use the mitochondrial cytochrome ¢ oxidase
subunit 1 (COIl) gene for standard DNA barcodes on
individual organism samples [9]. This marker has
competent properties, i.e. its variations generally allow
distinction at the species level and can be amplified by PCR
in case of animals, and the database linked now contains a
number of taxonomically validated DNA sequences.

2.1. Limitations of COI

Empirical studies show that the variability of this primer
leads to unauthentic amplification when species with wide
taxonomic coverage are present in samples (e.g. 44%
success for 2,000 initial amplifications; Moorea Biocode
Project [16]. Standard DNA barcodes allow for the
optimization of techniques to collect data from samples that
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initially displayed unsuccessful amplification. However, in
the process of metabarcoding, the combination of DNA
samples may result in the presence of amplicons from
various taxa, which can obscure the detection of specific
species due to unsuccessful amplification. It is challenging
to optimise the technique because of this masking of
recovery amplicons. In addition, the restoration of some
expected amplicon sequences gives false conclusions in the
resulting dataset. Despite these limitations, some COI
primer sets are specially designed for metabarcoding.
Although less than 50% of the nucleotides in the binding
site are conserved in the target taxon, the Metabarcoding
Primer Cocktail is nevertheless intended to amplify the
complete COI barcoding region of marine invertebrates
[16].

Table 1. Tabulated data of markers used in DNA Metabarcoding of
different taxon along with reference database.
Taxa Marker Reference database
Prokaryotes/ 16S rDNA Green Genes database [10],
Bacteria SILVA [10], Ribosomal
Database Project (RDP)
Fungi ITS rDNA UNITE database [11], ITS2
database [12]
Animals/Fauna CO1 mt BOLD [13], CO1 Insect
DNA classifier [14], CO1 Arthropod
classifier [15]
Plants/Flora rbcLmatK International Nucleotide
Sequence Database (INSD).
Other 18S rDNA Green Genes SILVA
Eukaryotes

3. The General Flow of DNA
Metabarcoding
DNA Metabarcoding's Streamlined Process is depicted

in Fig. 1. Samples are Collected, Extracted, a Sequence
Library is Prepared, and Amplified as Part of the Process.
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3.1. Sample Collection

Biases can be introduced during sampling, which must
be taken note of while collecting or analysing any
ecological data. Soil, for example, can exhibit extreme
variations at short-interval [17]. The quantity of material
used during sampling, as well as sample definition (e.g.,
whether it is homogenised in bulk or separately kept), must
be appropriate for the research problem. Long-term studies
of aquatic samples must deal with the issue of mixing and
flowing water currents. An immobile sampling with fixed
topographical coordinates faces the challenge of detecting
whether changes in the microbial community are a real shift
within a community or a substitution of one community by
another. Storage of samples is also critical to avoid
bacterial outgrowth and taxonomically misleading DNA
degradation or deterioration. The sample should be
carefully handled to avoid bacterial contamination that may
lead to DNA damage or loss [18]. Foremost is to
contemplate the impairment caused by frequent cooling
and heating of cells and DNA, which is common in most
laboratories [19].

3.2. DNA Extraction

Extraction is related to sampling because multiple
methods necessitate and endure varying amounts of the
initial material sample. The interaction between the
physical-chemical properties of the atmosphere as well as
the biological material sample in it results in cellular
membranes and cell wall disruption and elimination of
impurities. Failed disruption of certain types of cell walls
appropriately will result in those organisms being
underrepresented in the biocommunity profile. Inhibition
of DNA amplification is due to in suitable removal of
contaminants such as organic acids and biomolecules,
resulting in biases in amplification and, eventually, loss of
sample [19]-[23].

Efficacious DNA extraction involves effective
integration of the different processes involved, sample and
cell disruption, denaturation of nucleoproteins and protein
complexes, inactivation of nucleases enzyme, removal of
humic acids and other inhibitors of PCR, and DNA
recovery. DNA extraction has a significant impact on the
analytical success of molecular techniques. At the moment,
these steps are carried out with help of commercially
manufactured kits that include both solid phase and
chemical matrices. Usage of these DNA extraction Kits is
simple and quick, and the majority of them contain no
harmful solutions. However, there are examples of
chemical-based DNA extraction protocols, such as the
phenol-chloroform extraction procedure, which are still
now used. Such DNA extraction protocols are typically less
expensive per extraction than commercial kits, and the
extracted DNA is of high quality and quantity. Furthermore,
the various techniques and chemical mixtures for this type
of process can be designed according to the sample.
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However, DNA extraction procedures (solution based) are
time-consuming because all steps involved are done
manually, (ii) fresh solutions are frequently required, and
(iii) the use of toxic chemicals.

3.3. DNA Quality and Quantity

A further step in the metabarcoding process is sequence
library preparation. Several important points should be
carefully considered at this stage, despite the sequencing
platform that will be used for the completion of the
amplicon library. Firstly, qualitative and quantitative DNA
template determination was used for subsequent PCRs. A
spectrophotometer is the simplest way to evaluate DNA
quality. Nucleic acids (RNA and DNA) absorb the most
light at 260 nm. Chaotropic salts and organic compounds
absorb best at 230 nm, while protein absorbs best at 280
nm. Generally, the A260/A280 ratio is adopted to
determine DNA purity, and it should be between 1.8 and
2.0. Another indicator of DNA quality is the A260/A230
ratio, which should be more than 1.5. The presence of
phenol, protein, or impurities that may have been
introduced during the extraction process and may function
as PCR inhibitors may be indicated if these ratios are
noticeably lower in either situation. Preliminary PCR tests
are done using serial template DNA dilutions, add-on
purification techniques (manual ethanol or commercial Kit,
isopropanol, polyethylene glycol precipitation), and/or
incorporation of PCR-enhancer / PCR-stabilizer reagents
(di-methyl sulfoxide, BSA(bovine serum albumin), betaine)
can be used to overcome inhibition of PCR caused due to
less purity of the DNA extracted. During the cell lysis step
addition of PVP (polyvinylpyrrolidone) and 2-
mercaptoethanol is done to eliminate negatively charged
polyphenols and polysaccharides.

3.4. Amplification

The accomplishment of DNA metabarcoding is closely
linked with the choice of the acceptable DNA marker gene
(carefully considered). In a perfect scenario, these gene
markers ought to have sufficient conserved flanking primer
binding sites to attenuate taxonomical bias throughout PCR
amplification, whereas variable intervening sequence is
enough for taxonomic identification [24]. In silico, PCR is
therefore a crucial point in the evolution of a manual to
handle adequate coverage of the target group (i.e.,
taxonomic coverage), efficient outgroup exclusion (i.e.,
taxonomic specificity), and the ability to differentiate taxa
based on the amplified markers nucleotide variability (i.e.,
taxonomic resolution). In silico PCR can be carried out on
a particular database (e.g., B. SILVA rDNA database)
using an integrated toolkit like Test Prime [25]. More
versatile programs, such cutadapt or ecoPCR, can be used
to find primers in any dataset of reference sequences and
calculate the standard coverage and specificity indices [26],
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[27]. Today, the foremost unremarkably used HTS
platform for metabarcoding studies is the Illumina series,
wherein as an instance the iSeq, MiSeq, HiSeq, NovaSeq,
and NextSeq were employed [28]. These systems provide
high throughput, quite fewer glitches, comparatively
lengthy paired-end reads, normally as much as 150 bp of
each paired study at the HiSeq 3000/4000,
NextSeq550/1000/2000, iSeql100, and NovaSeq (as much
as 250 bp on SP flow cell), and 300 bp of each paired-end
study at the MiSeq platform (www.illumina.com,
implemented in e.g., [28]-[34]).

4. Applications of DNA Metabarcoding

4.1. Marine Ecosystem

The health of marine ecosystems is closely associated
with diversity [35], [36]. Accurate and economical
mapping of aquatic biodiversity is essential to assess the
quality of the ecosystem [37]. This is becoming
increasingly important in light of human-induced pressures
and the defective management of human doings [38]. DNA
metabarcoding, the real-time identification of countless
taxa within a similar sample based on high-throughput
sequencing of clustered genomic DNA, offers a cost-
effective and also time-efficient substitute [39]. Since more
than ten years ago, DNA metabarcoding of numerous
samples has been applied to the evaluation of marine
biodiversity. Benthic invertebrates in sediments, plankton
communities, hard substrate samples, and food samples are
all examined in studied [40]-[46]. Programmes like the
Genetic Tools for Ecosystem Health Assessment in the
North Sea Region (GEANS) and the Global ARMS
programme with autonomous reef monitoring facilities
have shown an increase in the use of DNA metabarcoding
to analyse the variety of marine samples around the world
[38].

4.2. eDNA Metabarcoding

A quick and effective technique to investigate species
diversity in natural communities is the detection of
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numerous species utilizing DNA acquired from
environmental samples (also known as "environmental
DNA" or "eDNA") [47]. Metabarcoding has the potential
to evaluate the status of biodiversity in a given environment.
DNA-based species identification has been used in the past,
is being used now, and may be used in the future with
different techniques as depicted in Fig 2. Fungal and
bacterial taxonomic diversity (microbial diversity) is
routinely assessed with the help of eDNA encoding and
compared with conventional and traditional procedures
[48], [49]. In 10 years, it has become evident that plant-
animal groups can be studied in the same way [47].
Environmental DNA metabarcoding can compete with and
outperform traditional approaches that target various
species, demonstrating higher diversity and improving
taxonomic identity resolution. Valentini [50] showed that,
for diverse marine ecosystems, the number of species
belonging to amphibia identified by eDNA metabarcoding
was more than or equal to the number identified by
traditional procedures. Enforced and avoidant vertebrate
species were discovered by eDNA metabarcoding when
terrestrial hematophagous leeches were used as eDNA
(host blood) collectors. This was a useful addition to
camera-trap studies in geographically isolated areas [47].
Kraaijeveld[50] showed that, in plants, eDNA
metabarcoding of filtered air samples allows pollen
identification with advanced taxonomical identity
resolution compared to visual technique. With the aid of
high-throughput ~ sequencing  technologies, eDNA
metabarcoding coamplifies relatively short fish eDNA
fragments from a variety of taxa, allowing for the
massively parallel sequencing of dozens to hundreds of
samples at once. It can forecast species diversity in a certain
region, identify biogeographic patterns and habitat
fragmentation at small to large spatial scales, and track
spatiotemporal dynamics of fish communities [51]. DNA
metabarcoding can significantly increase its reach to
populations of soil arthropods. The patterns of a- and -
diversity for arthropods inhabiting were consistent between
specimen samples and bulk soil, even though there were
slight species overlap. The examination of soil samples is
advantageous to extensive surveys due to its simplicity and
ease of usage [52].
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4.3. Dietary Analysis

Dietary metabarcoding may expose these omnivores and
their interactions at the trophic level, but careful data
interpretation is required to properly understand their
trophic ecology [53]. Metabarcoding, in general, has
revolutionised the assessment of diet and can be combined
with additional methods to produce the most thorough
dietary analyses to date. Examples of such methods include
stable isotope analysis, morphological analysis of faecal
matter or contents of the gut, or both [54]-[56]. As a result,
these methods can aid in the identification of complete
ecological networks in a variety of environments and
applications. In a recent study on black bears (Ursus
americanus) in Canada, [55] employed an assorted
technique of HTS, morphological investigation of faeces,
and analysis of stable-isotope to predict diet [56].

4.4. Airborne eDNA

To know plant-pollinator interactions, [57], [58] swabs
of flowers have been sequenced; cow dung's
metabarcoding has been used to research species of
invertebrates associated with the dung [58]. Insects that
feed on sap have been found by analyzing honey [59]; and
top samples from various groups have been analyzed [60].
The first study to demonstrate that eDNA from a vertebrate
species may be recovered from the environment was an
amazing proof of concept [61]. The primary focus of the
[62] study was the airborne insect DNA discovered in
aerosol samples [57]. The iMapPESTS project is creating
mobile suction traps that track fungal spores and insects
using molecular techniques. Real-time monitoring of
several agricultural pests, including fungus, insect groups,
and water-based moulds, which were all discovered, might
be made possible by airborne eDNA sampling [57].

Next Generation Sequencing (NGS)

P > e

4
/

/a0

\_ Onwards /

Past and current approaches, and possible future trends of DNA-based species identification.

4.5. Plant-Pollinator Interactions

The interaction between plant and pollinator is a kind of
symbiotic relationship that is crucial for the survival and
existence of both partners involved. To preserve
biodiversity and safeguard agricultural supply chains, plant
and insect ecologists place a high focus on understanding
the dynamics of these relationships. For more than 20 years,
DNA barcodes have been studied to distinguish between
plants and insects that have visited them as pollinators [63].
The metabarcoding approach should be used on these
mixed samples because pollination dynamics make it likely
that samples acquired from plants or their pollinators will
contain mixed communities of pollen. It provides a unique
tool for identifying diversity [64], [65].

5. Conclusions

The representation, application, and amalgamation of
DNA barcodes in the life sciences have significantly
increased in the nearly 20 years since the initial proposal.
However, recent developments in computing and
sequencing technology have made the idea of DNA
barcodes more accessible. Variation in the sequence of
conventional DNA barcodes is frequently insufficient for
species-level classification in various vast clades. We are
advancing from small genome-scale sequences of organelle
genome to huge genome-scale sequences of loci. In the
future, as technology improves and the representation of
genome sequences rises across the tree of life, we see DNA
metabarcoding being expanded to encompass a wider
interpretation of genomic space. High-throughput
sequencing is becoming more widely available. There have
been methodological and technological advances, and there
have been rising databases of whole-genome sequences
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funded by international consortiums like the Earth Bio
Genome Project. In conclusion, the potential of DNA
metabarcoding in biological research seems nearly
limitless, but this technology requires scientific
coordination and collaboration. Metabarcoding may
become a crucial tool for a range of scientific jobs as
technology progresses and is perfected, including several
of the tasks indicated above as well as biodiversity
monitoring. DNA metabarcoding is extremely adaptable
and significant for the future of genetic research since it
integrates several areas of community evaluation for goals
ranging from environmental restoration to human health.
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