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Bioinformatics Approaches to Microbiome and Microbiota
Analysis: A Comprehensive Review
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Abstract

In recent decades, the study of the microbiome and microbiota has emerged as a pivotal
field within systems biology, attracting increasing attention across medical, agricultural,
and environmental sciences. The rapid advancement of next-generation sequencing
(NGS) technologies has enabled in-depth and accurate analysis of microbial
communities. However, the interpretation and extraction of meaningful insights from
the massive and complex datasets generated by these technologies would be unfeasible
without the aid of bioinformatics tools. This review provides a comprehensive overview
of bioinformatics applications in microbiome analysis, introducing and comparing key
software tools and databases such as QIIME2, DADA2, ENA, and SILVA.
Additionally, multi-omics approaches—including metagenomics, metatranscriptomics,
metaproteomics, and metabolomics—are explored as innovative methods for assessing
microbial function. The article further highlights how machine learning techniques and
predictive modeling can transform biological data into powerful tools for early disease
detection, personalized therapeutics, and biomarker discovery. Finally, the study
addresses critical challenges in the field, such as the high computational demands, the
complexity of data interpretation, and the limitations of existing reference databases. It
underscores the pressing need for developing advanced computational infrastructure and
interdisciplinary training programs. Overall, this review offers a scientific roadmap for
researchers aiming to decode the biological intricacies of the microbiome through the
lens of bioinformatics.

Keywords: Microbiome, Microbiota, Bioinformatics, Databases and Software Tools,
Multi-Omics Data.
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