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Contemporary research on microbial diversity has endured enormous advances due to improved
approaches with state-of-the-art technologies and methods incorporating the application of metabarcoding
and metagenomics through next-generation sequencing. Metabarcoding and metagenomics entail
comprehensive methods for the characterization of microbial communities in terms of diversity and
taxonomic aﬃliations. While metabarcoding utilizes molecular markers conserved and shared across
various taxonomic groups, metagenomics involves whole community genome sequencing, which allows the
identiﬁcation of individual species at the strain level. Metabarcoding markers such as 16S, 18S, or ITS,
coupled to bioinformatics analyses of molecular operational taxonomic units (OTU) and amplicon sequence
variants (ASV), give rise to identiﬁable groups of closely related members of the microbiome. This can aid
in pinpointing groups of interest in the community for further analysis. Integrating metabarcoding with
metagenomics oﬀers an understanding of the community’s ecological diversity at the molecular,
biochemical, and system levels. Here we provide a short snapshot of the use and signiﬁcance of
metabarcoding and metagenomics in the discovery of strains of interest from nature's virtually
inexhaustible resource of microorganisms.
This article is related to our exhaustive review entitled "Omics for Bioprospecting and Drug Discovery
from Bacteria and Microalgae" published recently in the journal Antibiotics[1]. Focusing typically on bacteria
and microalgae, in the review, we provide examples and summarize recent success-stories on the eﬃcacy
of metabarcoding and metagenomics in microbiome research geared towards the identiﬁcation of strains
of interest. We further explain and highlight the signiﬁcance of other correlated “omics” approaches as well
as bioinformatics tools required for valid strain identiﬁcation, detailed characterization, and modulation.

Metabarcoding
Metabarcoding has emerged as one of the quickest and robust methods for microbiome analysis in free
communities as well as in host organisms. In a target community, metabarcoding targets a conserved
speciﬁc molecular marker for diversity as well as phylogenetic mapping of the microbes constituting the
respective community. The small subunit (SSU) ribosomal RNA gene 16S for prokaryotic DNA, and 18S for
eukaryotic DNA, are the frequently employed marker regions. Numerous studies ranging from the ﬁeld to
the clinical laboratory setting have ratiﬁed 16S as the broadly used molecular marker in studying
microbiome diversities. The gene contains variable regions ranging from V1 to V9, which are targeted for
various interests. Ampliﬁcation of sub-regions such as V1-V3, V3-V4, V3-V5, or V4-V5, among others, have
attained considerable application in the identiﬁcation of operational taxonomic units (OTUs) and amplicon
sequence variants (ASV) in microbiomes employing 16S rRNA sequencing. However, the substantially
precise and extensively used sub-regions are V4 and V6. These have not only been used to identify
numerous axenic species isolated from nature, but also in the characterization of the microbiome
harboring a plethora of ecological niches. Sequencing technology and downstream analysis workﬂows
requiring sequence reads, quality control, assembly, and annotation account for the prevalent challenges
in next-generation sequencing (NGS). Therefore, it is crucially valuable to diversify markers, regions within
a given marker sequence, as well as the choice of sequencing platforms. Besides, suitable analytical
software and bioinformatics tools play a signiﬁcant role in NGS. For partial 16S rRNA gene sequencing from
Illumina sequencing technology, Mothur (https://nephele.niaid.nih.gov/details_mothur/) has been one of the
commonly used pipelines for microbiome analysis, integrating several variable options for OUT picking.
Other pipelines at the OTU-level include QIIME-uclust and USEARCH-UPARSE. For ASV, the currently used
packages typically include DADA2, Qiime2-Deblur, and USEARCH-UNOISE3, displaying variable sensitivities
and speciﬁcities. However, despite the rapid development of software packages with user-friendly

interfaces and accuracy, metabarcoding by partial sequencing cannot always lead to adequate community
characterization and occasionally taxonomic assignment of some closely related taxa. Dramatic advents in
molecular taxonomy with high throughput sequencing have furthered metabarcoding to eﬀective analysis
with high-resolution through sequencing of the entire 16S rRNA gene. This has yielded robust taxonomic
placement and characterization of diverse microbiomes. Pyrosequencing of the full-length gene (ranging
from 1500 – 1700 bp) coupled to extensive downstream bioinformatics has ratiﬁed OTUs closer to the
species down to strain level compared to the usual partial sequencing of sub-regions.
The internal transcribed spacer (ITS) is another marker for metabarcoding, which is located between the
16S and 23S RNA genes in prokaryotes and is used as a target marker for intragenomic variations. ITS1
and ITS2 are the two types of ITS markers in eukaryotes. While ITS1 is principally situated between 18S
and 5.8S-rRNA, ITS2 resides between the 5.8S-rRNA and 26S regions, or between 18S and 28S for
opisthokonts. Recently, up to 32 microalgal strains from culture to diﬀerent taxa and concomitant
screening for their ice nucleation active (INA) compounds was achieved by using these markers. ITS has
been the most potent marker for the characterization of fungi, including soil and endophytic genera.
ITS can be pooled with additional markers for attaining a better resolution. In a recent barcoding study of
freshwater green microalgae, ITS1 and ITS2 of the nuclear rRNA gene (nuITS1 and nuITS2) were combined
with the ribulose bisphosphate carboxylase large (rbcl) subunit gene, which established dominant
resolution in the screening of the microalgae. The identiﬁcation of the cyanobacterium Arthrospira and
green microalga Dunaliella has also been guided by Rbcl. In another study, 36 strains of green microalgae
were identiﬁed by 18S rRNA sequencing and were clustered into their respective genera, which guided
further analysis of relevant protein and lipid proﬁles. Similar to 16S, full-length 18S sequence retrieval has
been shown to oﬀer a comprehensive characterization of community members.
Taken together, an overview of community structure, composition, diversity, and taxonomic positions of
diﬀerent groups within and between diverse ecosystems are unraveled by metabarcoding. The
identiﬁcation and characterization of bacterial and microalgal communities can be streamlined by
metabarcoding so that promising “bioproducts” can be targeted in a preliminary snapshot.
Even though metabarcoding is a swift and emergently inexpensive method, it has a considerably limited
resolution and can barely distinguish closely-related species or strains. The polymerase chain reaction
(PCR) short length sequencing associated with guanine-cytosine (GC) content bias sequencing errors, and
the assignment of OTUs, poses signiﬁcant challenges when employing metabarcoding. Metabarcoding is
relatively restricted to at most the genus level, though it provides improved OTU picking. Thus far,
metabarcoding cannot establish the molecular function of each microbe in an ecosystem. The structures
and functions of several genes in a community remain untapped since metabarcoding targets only one
portion of the metagenome that leaves some genes untapped. Bacterial and microalgal communities are
typically complex; therefore, it is necessary to employ methods having extensive coverage in order to yield
a holistic account of the communities towards bioprospecting and drug discovery.

Metagenomics
Metagenomics encompasses decoding information interlocked into the DNA of the entire microbial
community in a target. Whole metagenome sequencing provides a more thorough discernment into
community diversity and function than does metabarcoding. Notable progress in microbial community
characterization is the generation of genome and protein databases. High-throughput sequencing of
metagenomes is acquiescent to downstream analysis, the entire community structure analysis,
comparative diﬀerences among ecosystems, precise descriptions of strains of interest as well as novel
genes. Moreover, interactions among microbes in their natural environment or a laboratory setting, as well
as the analysis of genes involved in several biochemical pathways, can be accomplished by this approach.
Numerous studies have unraveled the molecular adaptation of the microorganisms to their environment
(natural or artiﬁcial), using metagenomic screening, through cluster analysis and dereplicating their

metabolic links.
Modern NGS studies have recognized an expansive scope of bacterial genomes and their associated genes.
For example, the full genome sequences of 74 strains belonging to seven orders of the phylum
Cyanobacteria is available in the Cyanobacterial Knowledge Base (CKB). Together with other databases
such as genome databases in the National Center for Biotechnology Information (NCBI), this database is
central to structural and functional annotation of the bacteria of interest. The assortment of species or
strains apposite for the goal of a given biotechnological study can be guided by genome annotation, based
on molecular blueprints unraveled from the database before proceeding with microbial selection for
cultivation and advanced screening.
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