
Annals of Medicine and Medical Sciences (AMMS) 

Volume 04, 2025, Page No.: 1606 to 1622  

Available at: http://ammspub.com 

AMMS Journal. 2025; Vol. 04 

Received: November 16, 2025; Revised: December 15, 2025; Accepted: December 18, 2025     1606 

Review Article  

 

Microbial Informatics in Association with Disease 

Biology: A Multi-Omics Approach on Computational 

Microbiology Applications 

Debaleena Samanta 1, MSc, Malavika Bhattacharya 2, PhD 

Department of Biotechnology, Techno India University, West Bengal, India. 

 

 

Abstract 
Background: Bioinformatics is a scientific sub-discipline that covers the area of biology at multi-disciplinary levels of microbiology, immunology, 

molecular biology, biochemistry, genetics, proteomics etc. This is a technical analysis of computational biology that collect and convert raw data 

into storage to analyse and disseminate this biological information such as, De-oxy-ribonucleic Acid, protein, amino acid sequences, alpha-fold 3-

Dimensional structure, taxonomic hierarchy, polypeptides, messenger Ribonucleic Acid, chemical origin into annotated databases. Aim: 

Bioinformatics tools and programs are used to interpret and develop biological raw data and efficiently manage through accession database to 

create statistical approaches for evaluating relationships between large datasets. Scope: The advancement of genome sequencing technologies and 

metagenomic analysis have well developed microbial informatics applications to study microorganisms and their functionality based on microbial 

interactions in natural and artificial environments. This large amount of microbial information has been structured, indexed and correlated with 

existing experimental evidences. The bioinformatics solutions of overwhelming research parameters are cross-connected with information science 

and microbiology in relevance. In the recent scenario, artificial intelligence techniques, aggregated statistical analysis methods and large-scale data 

input system have provided microbiology to evolve with data science. Key Insights: ‘‘Clinical Microbiology Informatics’’ deals with detection, 

identification and confirmation of antimicrobial susceptibility testing and communicates with clinicians about the importance of clinically relevant 

microbes. Clinical microorganisms in pathogenic diseases provide insights into genetic and molecular mechanisms of pathogen through 

bioinformatics analysis. Microbial bioinformatics applications are used for pathogen identification, characterization, mutation, detection of 

virulence factors, microbial engineering, vaccine targets, drug and vaccine combinations, disease regulation, host-immune evasion and diagnostic 

approaches. Future Perspective: This study highlights the critical significance of computational microbiology in comprehending microbial 

pathogens and their interactions with hosts by examining the nexus between microbial informatics and disease biology. Researchers can examine 

microbial populations, analyze genomic data, and pinpoint virulence factors linked to a range of illnesses by utilizing cutting-edge bioinformatics 

methods. We go on recent applications that improve our comprehension of microbial dynamics in illness contexts, including metagenomics, 

machine learning, and network analysis. The analysis highlights the potential of microbial informatics to guide treatment plans, enhance diagnostic 

techniques, and support vaccine research, all of which will ultimately lead to improvements in public health. 
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1. Introduction 

The diversity matrices that are computed to describe microbial 

diversity, as opposed to macroorganisms like plants and animals, 

usually make use of genomics-based technologies, particularly 

amplicon-based evaluations that demand for some sort of 

"bioinformatics tools" in addition to standard statistical methods. 

When evaluating functional diversity in addition to phylogenic 

diversity, it becomes imperative to incorporate additional omics-

based data [1-3]. The word "ome" means "many," and the field of 

"omics" has up to now focused on figuring out how complex 

biological things are. Given the massive volume of biological data 

being produced by the "omics" era. As a field of biology, 

bioinformatics has become increasingly significant throughout time. 

Much work has been done to advance the tools used in biota 

research, and this has resulted in the development of several 

"omics," including transcriptomics, metabolomics, proteomics, 

genomes, and so on. Multiple "omics" approaches were employed at 

various levels because it was initially evident that a single "omics" 

approach was insufficient to adequately describe the complexity. 

Beginning with the creation of a large number of databases, online 

resources, and software, high-throughput genome sequencing has 

given microbiology new insights and enabled the tools to be used to 

a broad range of tasks [4-6]. 

The use of bioinformatics tools and methods to analyse Next 

Generation Sequencing (NGS) data is growing in popularity for 

infectious disease monitoring and diagnosis. Molecular 

identification, genotyping, microbiome research, antimicrobial 

resistance analysis, and the identification of unknown disease-

associated pathogens in clinical specimens are among the topics of 
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interest when reviewing the use of bioinformatics tools, frequently 

used databases, and NGS data in clinical microbiology [7-9]. This 

came when genomic techniques were widely used to diagnose and 

treat bacterial, fungal, and viral illnesses. Bioinformatics has been 

applied to strain typing, resistance analysis, virulence factor 

detection, and pathogen identification. NGS, or next-generation 

sequencing, ascertains the DNA sequence of an entire bacterial 

genome in a single sequence run, and from this data, virulence and 

resistance information, together with typing information, are 

gathered, which is helpful for investigating outbreaks. An overview 

of NGS is provided in this review, along with information on library 

preparation and the key features of the most used NGS platforms [10-

12]. Even though NGS has a lot of potential for clinical infectious 

disease testing, there are still a lot of obstacles to overcome before 

NGS can be widely used in clinical microbiology labs. These 

obstacles include automation, standardising technical protocols and 

bioinformatics pipelines, enhancing reference databases, putting in 

place proficiency testing and quality control measures, and cutting 

costs and turnaround times. Additionally, NGS applications in the 

clinical setting is explained, including how to manage outbreaks, 

find molecular cases, characterise and monitor pathogens, quickly 

identify bacteria using taxonomy, use metagenomics techniques on 

clinical samples, and determine whether zoonotic microorganisms 

are transmitted from animals to humans. Lastly, we outline our 

expectations for the near-term application of NGS in personalised 

microbiology while highlighting some needs [13-15]. 

2. Review of Literature 

2.1 Computational Approaches 

2.1.1 Next-Generation Sequencing: Large genomic segments are 

now described in a whole new way thanks to quick and inexpensive 

sequencing techniques. Sequence analysis can be used to forecast 

routine diagnostics and public health care in addition to answering 

the traditional questions of a microbe's evolutionary status or 

functional classification. 16S rRNA sequence analysis is one method 

of functional classification for microbial populations [Fig. 1]. 

Comparative genomics, intraspecies diversity, the creation of 

specialised databases, pathway analysis for the dissemination of 

complex diseases, microbial community modelling, microbial 

evolution, genome restructuring, and whole genome comparisons 

are just a few of the many applications that have been discussed 

recently. A dramatic shift towards DNA-based classification was 

observed as a result of the explosion of sequencing data. As a result, 

numerous tools for analysing sequencing information to 

taxonomical data were developed. One of the main tools for 

determining evolutionary relationships based on DNA is a 

phylogenetic tree [16-19]. 

 

 
Figure 1: Microbial Systematic Hierarchy at Different level of Resolution. [https://app.biorender.com] 

2.1.2 Microbial Whole Genome Assembly: Numerous platforms, 

including Oxford Nanopore, Pacific Biosciences, Ion Torrent, and 

Illumina, have flourished since the introduction of the 454's NGS 

technology. Illumina is one of the most popular of them all, and it 

has arguably been used for short-read high-throughput sequencing 

that is deep enough to reliably identify the sequence of a bacterial 

genome. However, because genomes generate several sequences, 

gathering contingency and reads, putting them together, filling in the 

gaps, and other tasks are laborious and manual. De novo sequencing 

is made possible by the lack of precise coverage and alignment 

mapped to whole genome reference assemblies [20-22]. 

2.1.3 Annotation: The exponential growth of prokaryotic genomes 

in recent years has led to a significant decrease in the time and 

financial investment required for each research, which is comparable 

to Moore's law. [23,24]. It would be easier to predict strain-specific 

changes and homologs linked (genetically) to its neighbouring 

relatives if it had coding sites (CDS), ribosomal-binding sites 

(RBSs), and start/termination sites. Thankfully, gene banks have 

well-annotated, if not well curated, genomes that might potentially 

prevent the introduction of additional mistakes. The annotation site 

for GenBank is one such pipeline that has been utilised extensively. 

It would still be difficult to annotate several genomes simultaneously 
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and determine whether the annotation is innovative in terms of 

quality [25-27]. 

2.1.4 Microbial Pan-Genomics: A core genome, which contains 

genes shared by all strains, and a dispensable genome, which 

contains genes specific to a single strain (sometimes called a 

singleton) and accessory genes conserved in two or more strains, 

make up a microbial pan-genome [28]. While the accessory genes and 

single tonnes typically relate to supplemental biochemical pathways 

and functions that may confer selective advantages like ecological 

adaptation, virulence mechanisms, antibiotic resistance, or 

colonisation  

Table 1: Bioinformatics tools for Microbial Pan-genomics Analysis [29] 

Database URL Salient Features 

BPGA http://sourceforge.net/projects/bpgatool/  Gene clustering and related variants, KEGG 

pathway 

CAMBer http://bioputer.mimuw.edu.pl/camber/index.html  Study of Related Variants 

GET_HOMOLOGUES http://www.eead.csic.es/compbio/soft/gethoms.php  study of related variants, and conniving homologs  

Harvest https://github.com/marbl/harvest  Study of Related Variants 

ITEP https://price.systemsbiology.net/itep  Connecting pan-genomic biographies, function-

based searches, phylogeny, and related variations  

PanCake https://bitbucket.org/CorinnaErnst/pancake/wiki/Home   Study of Related Variants 

PanCGHweb http://bamics2.cmbi.ru.nl/websoftware/pancgh/pancgh_start.

php  

A structure with a visualizer Pan-genome  

PanGP http://PanGP.big.ac.cn  Study of Related Variants 

PANNOTATOR http://bnet.egr.vcu.edu/pannotator/index.html  Function-grounded searching, connecting variants 

Panseq https://lfz.corefacility.ca/panseq/  Relating variants, conniving pan-genomic 

biographies 

PGAP http://pgap.sourceforge.net/  Relating Variants, conniving pan-genomic 

biographies, function grounded searching, clusters 

of orthologous gene (COG) analysis 

PGAT http://nwrce.org/pgat  Relating Variants, Conniving pan-genomic 

Biographies, COG Analysis 

ROARY https://sanger-

pathogens.github.io/Roary/MicrobialMetagenomics.docx  

Conniving pan-genome biographies and Gene 

Clustering. A Channel Program 

Spine and AGEnt http://vfsmspineagent.fsm.northwestern.edu/index_age.html  Study of Related Variants 

 

of a new host, the core genes are in charge of the fundamental aspects 

of the species' biology and its main phenotypic traits [30-32]. Analysis 

of pan-genomes is done at species level and can be informative at 

any taxonomic level spanning the entire bacterial domain. Numerous 

software programs and tools have been created that can be used to 

profile core, shared, and isolate-specific genes, find single-

nucleotide polymorphisms (SNPs), build phylogenies, and cluster 

orthologous genes. [Table. 1] A few of the well-known pan-genome 

analysis programs and online servers that provide the ability to 

calculate pan-genome analyses for genomes. A web server named 

PanGeneHome was recently created that provides a thorough and 

consistent framework for large-scale precomputed pan-genome 

analysis of genomes that have previously been sequenced [33-35]. 

2.1.5 Microbial Metagenomics: Metagenomics, which translates to 

"beyond the genome," is the study of genomic DNA from an entire 

population. This is not the same as genomics, which focusses on 

analysing each individual organism's genetic DNA. Although this 

word has also been used in literature to refer to studies in which only 

a portion of 16S rRNA has been chosen for study, metagenomics can 

be interpreted as the random shotgun sequencing of microbial DNA 

without selecting any particular gene [36,37]. The phrase was initially 

used in a study on soil bacteria, but it has since been used in a 

number of settings, such as environmental 16S rRNA gene diversity 

[Fig. 2]. One of the limitations of marker gene sequencing, like 16S 

rRNA, is that it does not capture viruses [Table. 2]. Additionally, 

recent research showed that >50% of species were overlooked by 

16S or 18S rRNA gene-based amplicon sequencing [38-40]. 
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Figure 2: Computational Biology Applications in Microbial Disease Prediction. [https://app.biorender.com] 

Finding the best phylogenetic anchor is essential for determining the 

phylogenetic affiliation of a genome's gene sources [41-43]. One can 

continue by i) locating anchors on a DNA fragment and ii) locating 

genome fragments connected to it via anchors. ii) The metagenome 

would be of the order of 1 Gbp DNA, assuming 200 species per 

millilitre. This therefore necessitates extensive DNA isolation and 

cloning. iii) Sequencing library insert sizes are crucial for capturing 

the complexity of communities and microbial diversity comprising 

the metagenome. Because harsh methods can be used to lyse 

microorganisms, smaller insert libraries are more convenient. iv) 

Ten thousand of additional genomes, many of which are extremely 

fragmented and incomplete, have been created by the rapid speed of 

"draft" genome sequencing [44-45]. 

2.1.6 Gut Metagenomics: The majority of human intestinal 

microorganisms are essential to nutritional metabolism, which 

supports physiological function. Only microorganisms that reside in 

the human gut are able to collect energy from food; any disruption 

of this microbial community causes illnesses like obesity or bowel 

disorders [46-47]. In order to maintain human health and performance, 

it is crucial to identify and understand the composition, variety, and 

mode of operation of these gut microorganisms. Bacteroidetes and 

Firmicutes are the two types of bacteria that make up the gut 

microbiota. Based on phylogenetic data, 16S ribosomal sequencing 

identified the former. Regarding gut metagenomics, two significant 

initiatives were completed: the American Human Microbiome 

Project and the European project MetaHIT [48,49]. 

2.1.7 Oral Metagenomics: In terms of microbial community 

richness, the human mouth is second only to the gastrointestinal 

system. It is commonly recognised that a large number of  

Table 2: Bioinformatics Software tools for Microbial Metagenomics Analysis [50] 

Tool URL and Reference Salient Features 

MIRA https://sourceforge.net/p/mira-assembler/wiki/Home/  Sanger, 454, Illumina, ion alluvion, PacBio; reference grounded 

AMOS and 

MetaAMOS 

https://github.com/treangen/MetAMOS   Genomic pulpits, open reading frames, and taxonomic or 

functional reflections 

SOAP http://www.soap.genomics.org.cn  Single- genome De novo assembly, reference grounded assembly 

ESOM http://databionic-esom.sourceforge.net/   Composition- grounded binning; binning 

MEGAN http://ab.inf.uni-tuebingen.de/software/megan6/  Similarity- grounded binning; binning 

WIMP https://doi.org/10.1101/030742  Complete metagenome channel allowing data collection from 

undressed samples to species strain-position bracket 

Centrifuge https://ccb.jhu.edu/software/centrifuge/  Classification of metagenomes 

Kaiju https://bioinformatics-centre.github.io/kaiju/  Taxonomic categorization 

 

bacterial species inhabit the human oral cavity; some of these species 

are beneficial, while the majority cause oral illnesses. Oral-friendly 

bacteria coexist and are necessary to maintain the balance of the oral 

environment, but they also cause periodontal disease and tooth 

cavities. The enlarged Human Oral Microbiome Database 

(eHOMD), a database devoted to human oral metagenomics, 

includes all of the mouth cavity's microbial data. Based on 16S 

rDNA profiling, the healthy oral bacteria are divided into six major 

phyla: Firmicutes, Actinobacteria, Proteobacteria, Fusobacteria, 

Bacteroidetes, and Spirochaetes [51-52]. These phyla account for 96% 

of all oral bacteria. Numerous taxa are included in the CORE 

database, which is based on the phylogenetically curated 16S rDNA 

of the human oral microbiota. Research on these communities 

depends on precise sequencing data identification. A thorough and 

less redundant list of bacteria linked to the human mouth cavity can 

be found in this database [53]. 

https://sourceforge.net/p/mira-assembler/wiki/Home/
https://github.com/treangen/MetAMOS
http://www.soap.genomics.org.cn/
http://databionic-esom.sourceforge.net/
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https://doi.org/10.1101/030742
https://ccb.jhu.edu/software/centrifuge/
https://bioinformatics-centre.github.io/kaiju/
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2.1.8 Insect-Microbe Metagenomics: This claim is being more and 

more supported by research, which shows that the microbial 

community stimulates many facets of insects' lives, just like plants 

do. In the present situation, metagenomics and metatranscriptomics 

have both improved research on the interaction between insects and 

microbes [54,55]. It used a short nucleotide fragment known as a 

barcode (e.g. 16S, 18S, ITS, COI) as a proxy for identification to 

reconstruct biological communities based on taxonomy. In addition 

to providing information on the relative taxonomical abundance and 

the existence of certain genes in a sample, metagenomic and 

metabarcoding techniques are helpful for qualitatively assessing the 

diversity of organisms within that sample. But these methods only 

tell us what is happening (gene identification) and (taxonomic 

reconstruction) [56-58]. 

Table 3: A simplified Software list for Microbial Metagenome Analysis [59]  

Tool URL Salient Features 

PHAST/ PHASTER http://phaster.ca/  Useful in chancing prophages in bacterial genomes 

QIIME http://qiime.org/  A channel for analysing raw metagenome sequencing 

data. Support for generating publication quality figures 

MetaPhlAn2 http://segatalab.cibio.unitn.it/tools/metaphlan2/   A channel for sketching microbial composition. Depends on 

the curated MetaPhlAn2 database 

StrainPhlAn http://segatalab.cibio.unitn.it/tools/strainphlan/  Strain- position resolution in sketching known microbial specie

s. Depends on the curated MetaPhlAn2 database 

MetaTrans https://manichanh.vhir.org/metatrans.org/index.html  Tool for mapping taxonomic and gene expression analysis 

which also integrates quality control and rRNA junking 

Tbooster http://tbooster.erc.monash.edu  Ensemble styles for prognosticating effector proteins in 

bacterial systems, specifically for T3SS, T4SS, and T6SS 

 

2.1.9 Soil-Microbial Metagenomics: The soil has the most 

diversity of microorganisms and may continue to be used for 

agricultural, industrial, and environmental purposes. Soil has a much 

more varied microbial community than other microbial sources, 

particularly when it comes to prokaryotes. [Table. 3] According to 

the study, one gram of soil contains ten billion microorganisms and 

thousands of distinct species. NGS technologies have also helped to 

quantify and depict the diversity of soil microbes. Several significant 

studies were conducted to investigate the soil taxonomic [60-62]. 

2.1.10 Microbial Genetic Engineering: Through genetic 

engineering, microbes like Bacillus subtilis and Escherichia coli can 

create ethanol, vitamins, enzymes, carbohydrates, and chemical 

precursors. Riboflavin (vitamin B2) is produced by the fungus 

Ashbya gossypii, which, when compared to chemical synthesis, 

enhanced production efficiency and decreased environmental 

protection expenditures by 43% and 30%, respectively [63,64]. 

Table 4: Bioinformatics Software tools for Microbial Resources [65] 

Microbial resources                     URL Salient Features 

IMG (Integrated 

Microbial Genomes) 

https://img.jgi.doe.gov/  Reflection and analysis of microbial genomes and 

metagenomes 

MicrobesOnline http://www.microbesonline.org   Gate for relative and functional microbial genomics 

ModelSEED http://modelseed.org/  Gate for curated genomic data and automated reflection 

of microbial genomes 

GOLD (Genomes 

Online Database) 

https://gold.jgi.doe.gov/  Resource for comprehensive information about genome 

and metagenome sequencing projects 

CDD https://www.ncbi.nlm.nih.gov/cdd  Conserved sphere database 

Pfam https://pfam.xfam.org/  Database of protein families 

STRING https://string-db.org/  Database of protein association networks 

Ribosomal Database 

Project (RDP) 

https://rdp.cme.msu.edu/  16S rRNA gene database 

SILVA  https://www.arb-silva.de/  rRNA gene database 

GREENGENES http://greengenes.lbl.gov/  16S rRNA gene database 

Bacterial Isolate 

Genome Sequence 

Database (BigSdb) 

https://pubmlst.org/software/database/bigsdb/   Bacterial insulate genome sequence database 

EBI metagenomics https://www.ebi.ac.uk/metagenomics/  Portal for submission and analysis of metagenomics data 

EcoCyc https://ecocyc.org/  E. coli genome and metabolism knowledge base 

RegulonDB http://regulondb.ccg.unam.mx/  E. coli transcriptional regulation resource Pseudomonas 

genome database 

Pseudomonas Genome 

Database 

http://www.pseudomonas.com/  Pseudomonas genome database 

PATRIC https://www.patricbrc.org/   Gate for numerous prokaryotic pathogen 

EuPathDBs https://eupathdb.org/  Gate for numerous eukaryotic pathogen 

TBDB http://genome.tbdb.org/tbdb_sysbio/MultiHome.html  Integrated platform for tuberculosis exploration 

TCDB http://www.tcdb.org/  Transporter bracket database 

http://phaster.ca/
http://qiime.org/
http://segatalab.cibio.unitn.it/tools/metaphlan2/
http://segatalab.cibio.unitn.it/tools/strainphlan/
https://manichanh.vhir.org/metatrans.org/index.html
http://tbooster.erc.monash.edu/
https://img.jgi.doe.gov/
http://www.microbesonline.org/
http://modelseed.org/
https://gold.jgi.doe.gov/
https://www.ncbi.nlm.nih.gov/cdd
https://pfam.xfam.org/
https://string-db.org/
https://rdp.cme.msu.edu/
https://www.arb-silva.de/
http://greengenes.lbl.gov/
https://pubmlst.org/software/database/bigsdb/
https://www.ebi.ac.uk/metagenomics/
https://ecocyc.org/
http://regulondb.ccg.unam.mx/
http://www.pseudomonas.com/
https://www.patricbrc.org/
https://eupathdb.org/
http://genome.tbdb.org/tbdb_sysbio/MultiHome.html
http://www.tcdb.org/
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TransportDB http://www.membranetransport.org/transportDB2/ind

ex.html  

Transporter protein analysis database 

MetaCyc https://metacyc.org/  Metabolic pathway database 

Kyoto Encyclopedia of 

Genes and Genome 

https://www.genome.jp/kegg/  Genome database with emphasis on metabolism 

MiST http://fgrtools.hms.harvard.edu/MIST/help.jsp   Microbial signal transduction database 

SwissRegulon http://www.swissregulon.unibas.ch/  Genome-wide reflections of nonsupervisory spots in 

model organisms 

RegPrecise http://regprecise.lbl.gov  Database of regulons in prokaryotic genomes 

Orione http://orione.crs4.it/  Web- grounded frame for NGS analysis 

 

In order to combat significant threats to ecosystems and to meet our 

future demand for refined industrial products, genetically modified 

organisms may be crucial [Table. 4]. With the development of 

molecular tools, it is now feasible to study entire biological samples 

at the level of the genome, transcriptome, proteome, metabolome, 

and interactome following initial phenotypic and characterisation. It 

is anticipated that genetic engineering methods will play a 

significant role in creating environmentally friendly methods to 

lessen the use of chemicals and the manufacturing of agriculturally 

based goods [66]. 

2.2 Comparison between Tools 

2.2.1 QIIME2 and Roche 454 Genome Sequencing (Pyrosequencing) 

Feature QIIME2 Roche 454 Genome Sequencing (Pyrosequencing) 

Type of Technology Bioinformatics analysis platform/pipeline. Next-Generation Sequencing (NGS) platform. 

Primary Purpose Analysis of microbial community data (amplicon, 

metagenomics, metabolomics). 

Experimental generation of DNA sequence reads. 

Role in Workflow Post-sequencing analysis—data processing, quality 

control, taxonomic classification, statistics, visualization. 

Sequencing stage—converts biological DNA samples 

into digital reads. 

Input Demultiplexed FASTQ files from any sequencer 

(Illumina, Ion Torrent, Nanopore, previously 454). 

Biological DNA sample (amplicon or whole genome) 

for sequencing. 

Output OTU/ASV tables, taxonomic profiles, diversity indices, 

phylogenetic trees, visualizations. 

Sequence reads with long read lengths (350–700 bp), 

typical of amplicon sequencing. 

Accuracy Depends on upstream sequencing quality; uses 

DADA2/Deblur for error correction to generate high-

resolution ASVs. 

Moderate accuracy; known issues with homopolymer 

errors (overestimation/underestimation of repeated 

nucleotides). 

Read Length Not applicable (analysis only). Longer reads compared to early Illumina platforms 

(up to ~700 bp). 

Error Profile Uses error-modeling tools to remove low-quality 

sequences. 

High error rate in homopolymers; lower throughput 

than Illumina. 

Throughput Not applicable; scalable for large datasets depending on 

computational resources. 

Low throughput compared to modern NGS 

(Illumina/Nanopore). 

Cost Free, open-source software. Expensive per base; platform discontinued after 2016. 

Popularity/Status Actively developed, widely used for microbiome 

research. 

Technology discontinued; historically important but 

now obsolete. 

Supported Analysis 16S/18S/ITS, shotgun metagenomics, metadata 

integration, machine learning, phylogeny. 

Amplicon sequencing (mostly 16S rRNA) and some 

whole-genome applications. 

 

2.2.3 Practical Relevance of QIIME2: 

• Illumina MiSeq/HiSeq/NovaSeq data 

• IonTorrent data 

• Nanopore data 

• Legacy 454 datasets 

2.2.2 Practical Relevance of Roche 454 Genome Sequencing: 

• Offered long reads ideal for 16S rRNA surveys. 

• Limited throughput, high cost, and error-prone 

homopolymer regions made it less competitive. 

• Illumina platforms replaced it with cheaper, higher-quality 

sequencing. 

2.2.4 Strengths of QIIME2: 

• Comprehensive Microbiome Analysis Platform 

• Plugin-Based, Modular System 

• High Reproducibility 

• Wide Compatibility 

• Open-Source and Community-Driven 

2.2.5 Strengths of Roche 454 Genome Sequencing: 

• Longer Read Lengths 

• Fast Sequencing Chemistry 

• Strong Amplicon Sequencing Performance 

• Low GC Bias 

• Simpler Assembly of Small Genomes 

2.2.6 Limitations of QIIME2: 

• Dependent on Sequencing Quality 

• Computationally Intensive 

• Learning Curve 

• Limited to Post-Sequencing Analysis 

• Plugin Variability 

http://www.membranetransport.org/transportDB2/index.html
http://www.membranetransport.org/transportDB2/index.html
https://metacyc.org/
https://www.genome.jp/kegg/
http://fgrtools.hms.harvard.edu/MIST/help.jsp
http://www.swissregulon.unibas.ch/
http://regprecise.lbl.gov/
http://orione.crs4.it/
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2.2.7 Limitations of Roche 454 Genome Sequencing: 

• Homopolymer Errors 

• Low Throughput 

• High Cost per Base 

• Platform Discontinued 

• Shorter Reads than Modern Long-Read Platforms 

2.2.8 Illumina and Qiagen Gene Reader 

Feature Illumina Sequencing QIAGEN GeneReader 

Type Widely used high-throughput Next-Generation Sequencing 

(NGS) platform 

Targeted NGS platform optimized for clinical 

diagnostics 

Sequencing 

Chemistry 

Sequencing-by-Synthesis (SBS) using reversible terminators Sequencing-by-Synthesis with “real-time” 

fluorescent detection 

Primary Use Research, clinical genomics, whole-genome sequencing, RNA-

seq, metagenomics 

Targeted gene panel sequencing, particularly 

oncology 

Technology Scale Broad range: MiSeq, NextSeq, NovaSeq, iSeq Single integrated platform for targeted sequencing 

Throughput Very high (depending on system); suitable for whole genomes to 

large studies 

Low–moderate; designed for small-scale clinical 

workflows 

Read Length Typically 2 × 150 bp, up to 2 × 300 bp (MiSeq) Up to ~2 × 150 bp 

Error Rate Low (~0.1%) Low–moderate (~1%, platform-dependent) 

 

2.2.9 Practical Relevance of Illumina 

• Whole-genome sequencing (WGS) 

• Whole-exome sequencing (WES) 

• RNA sequencing 

• Metagenomics 

• 16S/ITS amplicon studies 

• Single-cell sequencing 

2.2.10 Practical Relevance of QIAGEN GeneReader 

• Primarily oncology-focused targeted panels (e.g., lung, 

breast, colon cancer) 

• Variant detection for actionable mutations 

• Clinical diagnostics and routine testing 

• Companion diagnostics assays 

2.2.11 Strengths of Illumina 

• Industry standard for NGS 

• Extremely high throughput 

• Flexible applications (research + clinical) 

• Low error rate 

• Large ecosystem of kits and tools 

2.2.12 Strengths of QIAGEN Gene Reader 

• Designed for clinical labs with minimal NGS experience 

• Closed, integrated workflow from sample to report 

• Strong interpretation layer (QCI Knowledge Base) 

• Standardized kits reduce variability 

2.2.13 Limitations of Illumina 

• Requires more hands-on time and workflow optimization 

• Higher cost instruments 

• Needs separate bioinformatics systems 

2.2.14 Limitations of QIAGEN Gene Reader 

• Low throughput 

• Limited to targeted gene panels 

• Less flexible for research use 

• More expensive per sample 

• Lower adoption and ecosystem compared to Illumina 

2.2.15 SMRT Sequencing and Oxford Nanopore Sequencing 

Feature PacBio SMRT Sequencing Oxford Nanopore Sequencing (ONT) 

Developer Pacific Biosciences Oxford Nanopore Technologies 

Technology Type Long-read sequencing Long-read sequencing 

Core Principle Real-time detection of fluorescently 

labeled nucleotides 

Real-time measurement of ionic current changes as DNA passes through 

nanopores 

Read Length Avg 10–30 kb; HiFi reads ~15–25 kb Wide range: 5 kb – >1 Mb; ultra-long reads possible (>2 Mb) 

Primary Strength Very high accuracy (HiFi reads) Flexible, portable, ultra-long reads 

Typical Accuracy HiFi reads: 99.8–99.9% Standard reads: 92–97%; duplex >99% but lower yield 

Throughput High (Sequel II/IIe/Revio) Variable: pocket-size MinION to large-scale PromethION 

Instrument Range Benchtop, high-cost Portable (MinION), mid-scale (GridION), high-throughput (PromethION) 

 
2.2.16 Practical Relevance of SMRT Sequencing: 

• High-quality genome assemblies 

• Variant detection (SNVs, indels, structural variants) 

• Microbial genomics 

• Isoform sequencing (Iso-Seq) 

• Clinical/diagnostic-grade sequencing 

2.2.17 Practical Relevance of Oxford Nanopore Sequencing 

• Long/ultra-long read assembly 

• Real-time pathogen detection 

• Field/deployment sequencing (e.g., Ebola, COVID-19) 

• Metagenomics 

• Direct RNA sequencing 

• Epigenetic profiling  



Annals of Medicine and Medical Sciences (AMMS) 

AMMS Journal. 2025; Vol. 04    1613 

2.2.18 Strengths of SMRT 

• Highest accuracy (HiFi) 

• Excellent for Genome assembly, Variant calling, 

Clinical/precision genomics 

• Lower systematic errors  

2.2.19 Strengths of Oxford Nanopore 

• Portable (MinION), scalable (PromethION) 

• Ultra-long reads possible 

• Detects epigenetics directly 

• Fast, real-time sequencing 

• Lower instrument cost 

2.2.20 Limitations of SMRT 

• Expensive instrument and consumables 

• Larger footprint 

• No ultra-long reads like ONT 

• Less suitable for fieldwork 

2.2.21 Limitations of Oxford Nanopore 

• Lower raw accuracy than PacBio 

• Error profile biased (homopolymers, indels) 

• Higher variability between runs 

• Duplex mode reduces throughput 

2.3 Case Studies 

2.3.1 QIIME2: Numerous microbiome researches have made 

substantial use of QIIME 2. It was utilized to describe gut microbial 

changes in seditious bowel complaints in human health research, 

linking decreased diversity and dysbiosis patterns. QIIME 2 was 

used in environmental research to analyze soil microbiomes under 

various agricultural techniques, demonstrating shifts in taxa that 

cycle nutrients. In the field of marine ecology, it facilitated the 

monitoring of microbial communities in coral reefs to identify 

infections linked to stress. QIIME 2 was utilized in clinical tests to 

compare the oral microbiota of healthy and ill individuals. 

Additionally, QIIME 2 was used in food assiduity research to 

address turbulent microbiomes and improve product quality [67]. 

2.3.2 Mothur: In environmental microbiology and microbial 

ecology, mothur has been widely utilized. It was used to investigate 

gut microbiome variations in rotundity in mortal health research, 

exposing changes in Firmicutes-to-Bacteroidetes rates. Mothur was 

employed in soil microbiology research to monitor changes in the 

microbial population under crop gyration and fungicide treatment. 

Mothur assisted in the evaluation of brackish and marine microbial 

diversity in undersea ecology, which helped identify changes 

associated with pollution. Mothur was used in clinical research to 

describe oral and nasal microbiota for infection threat profiling. 

Additionally, food safety research employed mothur to analyze 

sources of contamination in the environments of dairy and meat 

production, refining microbiological monitoring techniques [68]. 

2.3.3 Qiita: Large-scale and multi-study microbiome analysis in 

many contexts have been made possible by Qiita [Fig. 3]. Qiita made 

it possible to do meta-analyses of gut microbiota in relation to 

rotundity, diabetes, and seditious bowel complaints in mortal health 

research. These analyses revealed harmonious patterns of decreased 

diversity and changed microbial signatures. Qiita was utilized in 

environmental studies to encyclopedically integrate soil microbiome 

datasets and relate changes in nutrient-cycling taxa that are 

depending on climate. Qiita was utilized in marine exploration to 

evaluate microbial populations between ocean locations, supporting 

evaluations of pollution and climate impact. Additionally, Qiita has 

provided unified workflows and standardized data integration to 

allow dietary microbiome comparisons, longitudinal host-microbe 

commerce systems, and forensic microbiome studies [69]. 

2.3.4 MIMIX: Studies using standardized reporting of microbial 

sequencing data have made considerable use of MIMIx. MIMIx 

guidelines improved cross-study comparison of nutrient-cycling 

microorganisms in soil microbiome investigation by unifying 

metadata from worldwide soil checks. In coral reef and deep-ocean 

microbial investigations, MIMIx was employed by marine 

microbiology systems to standardize slice, sequencing, and ambient 

factors. In order to promote repeatable detection of antibiotic-

resistant bacteria, clinical examinations used MIMIx to unify 

pathogen sequencing metadata. MIMIx facilitated the harmonized 

attestation of rhizosphere sequencing trials across crop kinds in 

agricultural investigation. These case studies show how MIMIx 

enhances community, reproducibility, and data translucency in 

microbial sequencing research [70]. 

2.3.5 Ion Torrent Sequencing: Microbial, environmental, and 

clinical genomics have all made substantial use of Ion Torrent 

sequencing. Using targeted gene panels, it was employed in cancer 

diagnostics to identify physical mutations in lung, bone, and 

colorectal excrescences, providing quick variant identification for a 

proven treatment. Ion Torrent was used in clinical microbiology 

research to sequence viral and bacterial infections, allowing for the 

profiling of antibiotic resistance and epidemic shadowing. It was 

employed in food safety to locate sources of contamination in dairy 

and water. Utilizing Ion Torrent for 16S rRNA-grounded profiling 

of soil and wastewater microbiomes, environmental research 

revealed contaminant-driven microbial changes and facilitated 

ecosystem monitoring [71]. 

2.3.6 QIAGEN: QIAGEN technologies have been widely applied 

in molecular, environmental, and clinical research. In oncology, the 

GeneReader platform and QIAseq panels assisted in identifying 

feasible mutations in colorectal and lung tumors, supporting ideas 

about targeted treatments. Contagious complaint research employed 

QIAamp processes and QIAGEN DNA/RNA birth equipment to 

detect diseases with high perceptivity, including as SARS-CoV-2, 

TB, and hepatitis. Microbiome researchers used QIAGEN 

PowerSoil equipment to describe gut and soil microbial populations 

from a variety of environmental and complaint perspectives. 

QIAGEN's Investigator equipment improved crime-scene DNA 

profiling and trustworthiness in forensics by enabling mortal 

identification from contaminated samples [72]. 
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Figure 3: Multi-omics Integration Chart of Metabolomics Study Preview. [https://app.biorender.com] 

2.4 Applications in Disease Biology 

2.4.1 Gene Ontology and Community Annotations in Cancer: 

Understanding the diversity of cancer cells, as previously 

mentioned, is valuable since research has begun to show that there 

are relationships between these differences and overall patient 

survival when it comes to liver cancer. The new study unequivocally 

shows that transcriptome diversity, which is linked to genetic 

variety, is correlated with patient prognosis. A special bioinformatics 

workflow that used the Seurat package (version 2.3.0) in R (version 

3.4.3) was used to accomplish this. Using single cell RNA 

sequencing data, the computational technique enables the 

identification of common populations across different datasets [73]. 

The creation of algorithms that make it easier to assess and analyse 

digital pathology images is the focus of this. Deep neural network 

training models are used in the construction of such an approach, 

which is a component of a semi-supervised method for effective 

differentiation between various community cells. In the end, it 

means building a library of digital images of diseased cells that are 

fed into a model to detect the cancerous cells in a new environment 

or when researchers are faced with categorising a new dataset. 

2.4.2 Microbial Genomics in Cancer: The elucidation of microbial 

genomes has been employed mostly in cancer diagnosis, prognosis, 

and unravelling mechanisms of disease development using 

technologies like high throughput array panels and 16S rRNA gene 

sequencing [Table. 5]. Increased levels of the salivary microbiota 

(Capnocytophaga gingivalis, Streptococcus mitis, and Prevotella 

melaninogenica) have been identified as possible markers of oral 

cancer. Another study that used 16S rRNA gene sequencing revealed 

that Veillonella, Dialister, and Streptococcus species were more 

prevalent in oral tumours. When researchers examined the oral 

bacteria of 242 controls and 121 patients with oral cancer, they 

discovered notable variations in the two groups' microbial diversity 

and abundance [75].  

Table 5: Some Web-Based Resources for Microbial Genomics [74] 

Website URL Application 

Integrated Microbial 

Genomes (IMG) 

https://img.jgi.doe.gov/  Relative analysis and reflection of all intimately 

available genomes 

CAMERA (Community 

Cyber infrastructure for 

Advanced Marine Microbial 

Ecology Research and 

Analysis) 

https://bioinformaticshome.com/db/tool/CAMERA  A rich, distinctive data depository and a bioinformatics 

tools of metagenomic analysis. 

DOE JGI Microbial 

Genomics Database 

https://jgi.doe.gov/data-and-tools/software-tools/  Direct access to download sequence files, BLAST, 

and view reflections. 

JCVI Comprehensive 

Microbial Resource 

https://www.jcvi.org/research/software-tools  Display information on all of the intimately available, 

complete prokaryotic genomes. 

Sanger Centre Bacterial 

Genomes 

https://www.sanger.ac.uk/data/bacterial-data/  Concentrated on pathogens and model organisms. The 

point provides a list of systems funded, underway 

or completed. 

RISSC – Ribosomal Internal 

Spacer Sequence Collection 

http://ulises.umh.es/RISSC    Database of ribosomal 16S- 23S spacer sequences 

intended substantially for molecular biology studies in 

codifying, phylogeny and population genetics. 

https://img.jgi.doe.gov/
https://bioinformaticshome.com/db/tool/CAMERA
https://jgi.doe.gov/data-and-tools/software-tools/
https://www.jcvi.org/research/software-tools
https://www.sanger.ac.uk/data/bacterial-data/
http://ulises.umh.es/RISSC
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probeBase  http://www.microbial-ecology.net/probebase     Database of annotated rRNA- targeted oligonucleotide 

examinations and supporting. Rapid access to inquiry, 

microarray and reference data. 

RRNDB http://rrndb.cme.msu.edu/  Contains annotated information on rRNA operon dupe 

number among prokaryotes. 

Bakta https://bakta.computational.bio/  Rapid & standardized reflection of bacterial genomes, 

Metagenome-assembled Genomes & plasmids 

 

2.4.3 Machine Learning and Data Science related to 

Inflammatory Bowel Disease and Bacterial Vaginosis: The size 

of datasets in microbiome investigations and the depth of sequencing 

per sample have grown as sequencing costs have decreased. Higher 

statistical power studies resulted from this, and as a result, 

Operational Taxonomic Unit (OUT) tables and functional profiles 

were transformed from end-goal deliverables into raw data for 

further analysis, including machine learning (ML) applications. 

Many people have successfully applied techniques like random 

forests (RF) in the context of diseases, such as correctly predicting 

BV and IBD based on taxonomic characteristics [76]. 

2.5 Microbiome Big Data for Pathogenic Diseases 

2.5.1 QUIIME 2: The pipeline Quantitative Insights into Microbial 

Ecology (QIIME) 2 is specifically designed to analyse data obtained 

from amplicon sequencing of the 16S rRNA marker gene. The 

pipeline annotates marker gene sequences based on similar 

sequences in reference databases after grouping them into 

Operational Taxonomic Units (OTU) at a specific phylogenetic level 
[77]. 

2.5.2 Mothur: A software program called Mothur makes it possible 

to analyse sequence data. Because it incorporates a number of tools 

for sequence alignment, pairwise distance calculation, sequence 

quality screening, taxonomic analysis, diversity analysis, and 

functional analysis, among other things, its flexibility and user-

friendliness are what give it its power. As a result, it operates as a 

powerful, stand-alone executable program that can execute on any 

platform.  

2.5.3 Qiita: For conducting meta-analyses, Qiita offers a web-based 

platform that is very user-friendly for non-bioinformaticians. It gives 

access to widely used pipelines like GNPS and QIIME 2. The 

program's user-friendly interface, which enables users to move from 

data to statistical analysis and figure output, has several advantages 

over conventional pipelines [78]. 

2.5.4 MEGAN: For analytical purposes, MEGAN is especially 

interested in the use of shotgun sequencing as opposed to amplicon 

sequencing. As was previously said, this approach produces in-depth 

functional and taxonomic analysis, but only for very big data sets. 

Furthermore, the algorithm uses protein reference sequences to 

capture a higher percentage of evolutionary diversity.  

2.5.5 Microbiome Analyst: The goal of Microbiome Analyst is to 

enable the study of the most prevalent, but frequently 

misunderstood, outputs generated from microbiome research by 

fusing an intuitive user interface with statistical and visualisation 

methods. A metabolic network visualisation tool, comparative 

analysis, and diversity profiling are all supported by the program [79]. 

2.5.6 iMAP: Another tool designed to give the microbiome research 

community an easy-to-use program that makes bioinformatics 

analysis and data visualisation easier is the Integrated Microbiome 

Analysis Pipeline (iMAP). Through wrapping functionalities, it 

enables diversity analysis, sequence classification, metadata 

profiling, and read quality control.  

2.5.7 MIMIX: A new framework called the MIMIX aims to solve 

the difficulties of dealing with sparse, distributed microbiome data 

that is compositional rather than absolute, which could lead to 

improper correlations being produced by conventional approaches. 

Table 6: Software Packages for Microbial NGS Data Analysis [80] 

Application Software URL 

Annotation Prokka https://sapac.illumina.com/products/by-type/informatics-products/basespace-sequence-

hub/apps/prokka-genome-annotation.html 

RAST https://www.mg-rast.org/ 

Assembly BioNumerics https://www.bionumerics.com/applications 

CLC Workbench https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-

visualization/qiagen-clc-genomics-workbench/ 

SeqSphere https://www.ridom.de/seqsphere/ 

SPAdes https://www.illumina.com/products/by-type/informatics-products/basespace-sequence-

hub/apps/algorithmic-biology-lab-spades-genome-assembler.html 

Velvet https://bioinformaticshome.com/tools/wga/descriptions/Velvet.html#gsc.tab=0 

Data quality check BaseSpace https://sapac.illumina.com/products/by-type/informatics-products/basespace-sequence-hub.html 

BioNumerics https://www.bionumerics.com/applications 

CLC Workbench https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-

visualization/qiagen-clc-genomics-workbench/ 

FastQC https://www.bioinformatics.babraham.ac.uk/projects/fastqc/ 

Identification K-mer Finder https://bio.tools/kmerfinder 

NCBI BLAST https://blast.ncbi.nlm.nih.gov/Blast.cgi 

Metagenomics MEGAN https://bio.tools/megan 

Phylogeny FASTTree https://bio.tools/fasttree 

RAxML https://bio.tools/raxml 

http://www.microbial-ecology.net/probebase
http://rrndb.cme.msu.edu/
https://bakta.computational.bio/
https://sapac.illumina.com/products/by-type/informatics-products/basespace-sequence-hub/apps/prokka-genome-annotation.html
https://sapac.illumina.com/products/by-type/informatics-products/basespace-sequence-hub/apps/prokka-genome-annotation.html
https://www.mg-rast.org/
https://www.bionumerics.com/applications
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-clc-genomics-workbench/
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-clc-genomics-workbench/
https://www.ridom.de/seqsphere/
https://www.illumina.com/products/by-type/informatics-products/basespace-sequence-hub/apps/algorithmic-biology-lab-spades-genome-assembler.html
https://www.illumina.com/products/by-type/informatics-products/basespace-sequence-hub/apps/algorithmic-biology-lab-spades-genome-assembler.html
https://bioinformaticshome.com/tools/wga/descriptions/Velvet.html#gsc.tab=0
https://sapac.illumina.com/products/by-type/informatics-products/basespace-sequence-hub.html
https://www.bionumerics.com/applications
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-clc-genomics-workbench/
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-clc-genomics-workbench/
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://bio.tools/kmerfinder
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://bio.tools/megan
https://bio.tools/fasttree
https://bio.tools/raxml
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SeqSphere https://www.ridom.de/seqsphere/ 

SNPTree https://bioinformaticshome.com/tools/descriptions/snpTree.html#gsc.tab=0 

Resistance ARDB ftp://ftp.cbcb.umd.edu/pub/data/ARDB/ARDBflatFiles.tar.gz 

CARD http://arpcard.mcmaster.ca/ 

ResFinder https://bio.tools/resfinder 

SNP calling BioNumerics https://www.bionumerics.com/applications 

CLC Workbench https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-

visualization/qiagen-clc-genomics-workbench/ 

Samtools https://bio.tools/samtools 

SeqSphere https://www.ridom.de/seqsphere/ 

Typing (wgMLST) BIGSdb https://pubmlst.org/software/bigsdb 

BioNumerics https://www.bionumerics.com/applications 

CLC Workbench https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-

visualization/qiagen-clc-genomics-workbench/ 

EnteroBase https://enterobase.warwick.ac.uk/ 

SeqSphere https://www.ridom.de/seqsphere/ 

Virulence VFDB https://www.mgc.ac.cn/VFs/ 

Virulence Finder https://cge.food.dtu.dk/services/VirulenceFinder/ 

Visualisation & 

Comparative Study 

ACT https://sanger-pathogens.github.io/Artemis/ACT/ 

Artemis https://www.sanger.ac.uk/tool/artemis/ 

BRIG https://sourceforge.net/projects/brig/ 

ClustalW https://www.genome.jp/tools-bin/clustalw 

DNA plotter http://genocat.tools/tools/dnaplotter/ 

WebACT https://db.cngb.org/search/literature/16076890/?u_if=NWUwY2M0NzM1NDNlMDE1M2FhNj

M1YmUyOWI1ZmU2YWR8Y25nYnwoQWJib3R0IEpDKVtBdXRob3Jd&pos=14 

 

MIMIX software tool aims to comprehend how the environment 

affects alpha and beta diversity metrics.  

2.6 Sequencing Techniques for Microbial Diseases 

2.6.1 Roche 454 Genome Sequencing: Although availability to the 

technique is restricted and can be costly, 454 sequencing enables the 

creation of vast volumes of small sequences (less than 300 bp) per 

run due to early treatment with restriction enzymes [Table. 6]. Using 

adaptor fragments with complementary sequences, the procedure 

anneals each of the target DNA strands to a single resin bead [81]. 

2.6.2 Illumina: As a corporation, Illumina has a large selection of 

the most widely used sequencing technologies, a lengthy read-

length, and affordable prices. It works by using fluorescently 

labelled nucleotides in sequencing by synthesis. A developing chain 

of nucleic acids is supplemented with deoxynucleoside 

triphosphates (dNTPs), which reversibly break the chain.  

2.6.3 Qiagen Gene Reader: With fluorescently labelled 

nucleotides, the Qiagen gene reader operates similarly to Illumina. 

The gene reader combines many Qiagen technologies to enable 

sample preparation, sequencing, and analysis to be included in a 

single workflow [82]. 

2.6.4 Ion Torrent Sequencing Technology: Instead of using optical 

signals, ion torrent sequencing technology uses a tiny semiconductor 

to convert chemical data into detectable electrical data. The 

enzymatic cascade occurs in microwells, each of which has a 

nucleotide template that is used to catalyse additions in parallel. 

2.6.5 SMRT Sequencing: Compared to conventional sequencing 

systems, single-molecule real-time (SMRT) sequencing has some 

special benefits. The method uses fluorescent dyes and sequencing 

by synthesis. There is a difference, though, in that the emissions 

from integration are picked up instantly. For this, zero mode wave 

guides are used [80]. 

2.6.6 Oxford Nanopore Sequencing: In order for nanopore 

sequencing to work, DNA molecules must be directed through a 

nanopore while an ionic current flows across it. As a result, a 

potential gradient is created throughout the solution that can be used 

to determine the length and shape of DNA. With comparatively 

small, inexpensive, and fast hardware, this method can avoid the 

requirement for PCR amplification or sample labelling [83]. 

3. Current Challenges 

Understanding how bacteria affect mortal health and complaints is 

now mostly dependent on microbial informatics. The development 

of transcriptomics, proteomics, metagenomics, metabolomics, and 

high-outturn sequencing has made it possible for researchers to 

record microbial dynamics at unexplored resolution. However, there 

are still a number of scientific, computational, and translational 

issues with employing multi-omics for complaint-associated 

microbiology, which continue to restrict precision, repeatability, and 

clinical relevance. Data variety, which results from variations in 

experimental procedures, sequencing platforms, sample runs, and 

logical channels, is a significant difficulty. Cross-study comparisons 

are challenging because microbial populations differ among 

individuals, body locations, diets, and environmental exposures. 

Moreover, the scale, complexity, and noise position of multi-omics 

datasets vary. Strong normalizing and cross-modality mapping 

techniques, which are presently lacking in microbial systems, are 

needed to integrate these layers, which include genetic variants, 

transcriptional signatures, protein networks, and metabolic 

biographies. Reproducibility is made even more difficult by the 

absence of consistent metadata reporting. Inadequate 

microbiological reference databases are another significant 

drawback. There are many unidentified microbial species in clinical 

or environmental samples, which results in significant portions of 

"unknown" readings in metagenomic data. Accurate taxonomic 

profiling and functional reflection are hampered. Because standard 

reference-grounded alignment is unable to capture microdiversity 

https://www.ridom.de/seqsphere/
https://bioinformaticshome.com/tools/descriptions/snpTree.html#gsc.tab=0
ftp://ftp.cbcb.umd.edu/pub/data/ARDB/ARDBflatFiles.tar.gz
http://arpcard.mcmaster.ca/
https://bio.tools/resfinder
https://www.bionumerics.com/applications
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-clc-genomics-workbench/
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-clc-genomics-workbench/
https://bio.tools/samtools
https://www.ridom.de/seqsphere/
https://pubmlst.org/software/bigsdb
https://www.bionumerics.com/applications
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-clc-genomics-workbench/
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-clc-genomics-workbench/
https://enterobase.warwick.ac.uk/
https://www.ridom.de/seqsphere/
https://www.mgc.ac.cn/VFs/
https://cge.food.dtu.dk/services/VirulenceFinder/
https://sanger-pathogens.github.io/Artemis/ACT/
https://www.sanger.ac.uk/tool/artemis/
https://sourceforge.net/projects/brig/
https://www.genome.jp/tools-bin/clustalw
http://genocat.tools/tools/dnaplotter/
https://db.cngb.org/search/literature/16076890/?u_if=NWUwY2M0NzM1NDNlMDE1M2FhNjM1YmUyOWI1ZmU2YWR8Y25nYnwoQWJib3R0IEpDKVtBdXRob3Jd&pos=14
https://db.cngb.org/search/literature/16076890/?u_if=NWUwY2M0NzM1NDNlMDE1M2FhNjM1YmUyOWI1ZmU2YWR8Y25nYnwoQWJib3R0IEpDKVtBdXRob3Jd&pos=14
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relevant to pathogenicity or antimicrobial resistance, vertical gene 

transfer, strain-position variation, and genomic malleability 

introduce additional complication [84,85]. Pangenome-apprehensive 

methods and high-resolution strain reconstruction are still 

developing, and their computing costs are still significant. 

Additionally, the field has a lot of computational difficulties. 

Advanced machine literacy, network modeling, and systems biology 

techniques that can manage high-dimensional, sparse, and often 

longitudinal data are necessary for multi-omics integration. 

Microbial datasets, however, are inherently compositional and defy 

the hypotheses of many traditional statistical approaches. Although 

deep literacy has demonstrated promise, it is constrained by the 

shortcomings of labeled microbiological complaint datasets and the 

dangers of overfitting models [86,87]. Additionally, improved pall-

grounded structures, memory-efficient assembly techniques, and 

high-performance computing are needed for spanning multi-omics 

operations. Natural interpretation presents another challenge. 

Although there are several links between microorganisms and 

complaint characteristics, the cause is yet unknown. The 

relationships between microbes and host impunity, metabolism, 

signaling pathways, and epigenetic changes are generally intricate. 

Large point sets are produced by multi-omics, but connecting 

molecular signatures to mechanistic pathways sometimes 

necessitates reciprocal trials, gnotobiotic models, or CRISPR-based 

manipulation—all of which are impractical for many organisms 
[88,89]. Additionally, the microbiota is highly dynamic, making it 

difficult to discern between changes brought on by complaints and 

those that occur naturally. Clinical microbiology continues to face 

translational difficulties. Only a small portion of the results of 

extensive multi-omics research are applied to individual or 

corrective operations. Relinquishment is hampered by regulatory 

concerns, the absence of clinical confirmation cohorts, and the 

challenge of interpreting multi-omics biomarkers. Complexity is 

increased by concerns about data sequestration, concurrence, and the 

moral use of metagenomic data [90,91]. Additionally, pathogen 

discovery, outbreak shadowing, and antibiotic resistance 

surveillance continue to be hampered by fragmented data 

architectures and insufficient real-time analytics. Interdisciplinary 

moxie will eventually become urgently needed. Microbiologists, 

physicians, bioinformaticians, data scientists, statisticians, and 

systems biologists must work together for computational 

microbiology to be effective. The skills gap is increased by the lack 

of experimenters with multi-omics analytics training as well as the 

quick speed of technology development. Microbial informatics has 

enormous potential in complaint biology, but fully using multi-

omics for improving mortal health requires overcoming obstacles in 

data integration, computation, mechanistic sapience, and clinical 

restatement [92]. 

4. Future Directions 

The role of Microbial Communities in Disease is the human body 

harbour a diverse community of microorganisms, collectively 

referred to as the microbiome. These communities play significant 

roles in maintaining health but are also implicated in various 

diseases. For instance, dysbiosis a microbial imbalance has been 

associated with conditions such as inflammatory bowel disease 

(IBD), diabetes, and even obesity. Microbial informatics enables 

researchers to analyze the complex datasets generated from 

microbial sequencing and metagenomic studies, facilitating the 

identification of microbial signatures associated with these diseases. 

High-Throughput Sequencing and Data Analysis depicts high-

throughput sequencing technologies, such as 16S rRNA sequencing 

and whole-genome shotgun sequencing, have transformed microbial 

research by providing extensive genetic information about microbial 

communities. These technologies generate vast amounts of data, 

necessitating advanced computational tools for analysis. Taxonomic 

Profiling and Diversity Assessment through Microbial informatics 

employs computational methods to characterize microbial 

communities, uncoupling the intricate relationships among microbes 

and their functions. Tools like QIIME (Quantitative Insights Into 

Microbial Ecology) and Mothur allow researchers to perform 

taxonomic profiling, revealing alpha and beta diversity within 

microbiomes [93,94]. By comparing microbial community structures 

between healthy and diseased states, researchers can identify 

specific taxa that may contribute to disease. Metagenomic 

approaches empower researchers to analyze the collective genomic 

content of all microorganisms within a defined environment. 

Computational tools such as METAWATT and HUMAnN (The 

Hierarchical- and Unified-Metagenomic-Analysis-for-Natural-and-

Nurtured-Organisms) enable the functional profiling of microbial 

communities, linking specific gene functions to disease 

pathogenesis. Whole-genome sequencing (WGS) of pathogens can 

reveal genetic variations and virulence factors involved in infection. 

Tools like PathogenWatch and Genome Detective utilize genomic 

sequences to track pathogen outbreaks and predict antimicrobial 

resistance, contributing to public health responses. Immune 

Response Analysis and Microbial informatics also enhances our 

understanding of the host's immune response to microbial invasions. 

The integration of transcriptomic and proteomic data with microbial 

genomics provides insights into how host immune pathways are 

modulated by microbial presence. Computational models can 

simulate these interactions, helping to identify novel therapeutic 

targets and strategies to manipulate the host immune response. 

Disease Dynamics and Epidemiology underlie the dynamics of 

disease transmission is another vital application of microbial 

informatics. Computational modeling and epidemiological tools are 

used to predict outbreaks and assess the impact of interventions. 

Phylogenetic Analysis and Evolutionary Tracking allow researchers 

to trace the evolutionary relationships between pathogens, 

identifying sources and routes of transmission [95]. Software like 

MEGA (Molecular Evolutionary Genetics Analysis) and RAxML 

(Randomized Axelerated Maximum Likelihood) facilitate the 

construction of phylogenetic trees based on genomic data, aiding in 

disease outbreak investigations. Predictive modeling frameworks 

enable researchers to simulate the spread of infectious diseases and 

evaluate control strategies [96]. 

5. Conclusion 

Microbial informatics stands at the forefront of disease biology, 

offering unprecedented insights into the complex interactions 

between microorganisms and human health. Through the integration 

of advanced computational tools, high-throughput sequencing, and 

interdisciplinary approaches, researchers are better equipped to 

understand the microbial underpinnings of diseases. As the field 

continues to evolve, addressing the challenges of data integration, 

ethical considerations, and the need for collaborative approaches 

will be crucial in harnessing the full potential of microbial 

informatics for public health benefits. The journey ahead promises 

not only to deepen our understanding of disease mechanisms but also 

to inform the development of innovative therapeutic strategies and 

interventions. Since full-length marker gene sequencing improves 

taxonomic resolution and more contiguous metagenome assemblies 

improve functional analyses, we anticipate that long-read 

sequencing methods will soon be widely employed in microbiome 
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studies as costs decline. Developments in this area are probably 

going to concentrate on converting bioinformatics protocols that 

have already been developed for short reads to long read equivalents, 

such as read classification and denoising techniques. Additional 

difficulties arise from shotgun metagenome analysis in large 

research, where capacity problems may arise from costly 

computations required in de novo assembly and annotation. The 

cloud offers a flexible alternative for businesses unable to finance 

massive on-premise compute infrastructures, where proficiency in 

cloud computing becomes crucial. 

6. List of Abbreviations 

DNA: de-oxy-ribonucleic acid, NGS: next generation sequencing, 

16S rRNA: 16 subunit ribosomal ribonucleic acid, PCR: polymerase 

chain reaction, PCR-RAPD: polymerase chain reaction random 

amplification of polymorphic DNA, AFLP: amplified fragment 

length polymorphism, CDS: coding sites, RBS: ribosomal binding 

sites, BPGA: Bacterial Pan Genome Analysis, CAMBER: 

Comparative Analysis of Multiple Bacterial Strains, ITEP: 

Integrated Toolkit for Exploration of Pan-genomes, PanCGHweb: 

Pangenome Comparative Genome Hybridization web tool: PANGP: 

Pan-Genome Profile Tool, PanSeq: Pan-genome sequence analysis, 

PGAP: Prokaryotic Genome Annotation Pipeline, PGAT: 

Prokaryotic-genome Analysis Tool, ROARY: Rapid large-scale 

prokaryote pan genome analysis, SNP: single-nucleotide 

polymorphisms, GBP: Giga-bases, METAHit: METAgenomics of 

the Human Intestinal Tract, AMOS: A modular open source whole 

genome assembler, METAMOS: A modular framework for 

metagenomic assembly, analysis and annotation, SOAP: Short 

Oligonucleotide Analysis Package, ESOM: Emergent Self-

Organizing Map, MEGAN: MEtaGenome Analyzer, WIMP: 
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Microbiome Database, ITS: Internally Transcribed Spacer, COI: 
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Search Tool and PHAge Search Tool Enhanced Release, QIIME: 

Quantitative Insights Into Microbial Ecology, Metaphlan: 

Metagenomic Phylogenetic Analysis, Strainphlan: Strain 

PHyLogenetic Analysis, Metatrans: Metatranscriptomics, GOLD: 

Genomes Online Database, CDD: Conserved Domain Database, 

Pfam: Protein Families, RDP: Ribosomal Database Project, 

STRING: Search Tool for Retrieval of the Interacting Genes or 

Proteins, SILVA: SILva ribosomal RNA gene database project, 

GREENGENES: 16S rRNA gene database, BigSdb: Bacterial 

Isolate Genome Sequence Database, EcoCyc: Encyclopedia of 

Escherichia coli Genes and Metabolism, EBI Metagenomics: 

European Bioinformatics Institute Metagenomics, PATRIC: 

Pathosystems Resource Integration Center, EUPathDBs: Eukaryotic 

Pathogen Database, TBDB: T-box riboswitch annotation database, 

TCDB: Transporter Classification Database, Metacyc: Curated 

Database of Metabolic Pathways and Enzymes, KEGG: Kyoto 

Encyclopedia of Genes and Genome, MiST: Molecular Interaction 

Search Tool, IMG: Integrated Microbial Genomes, CAMERA: 

Community Cyber infrastructure for Advanced Marine Microbial 

Ecology Research and Analysis, JGI: Joint Genome Institute, 

RISSC: Ribosomal Internal Spacer Sequence Collection, RRNDB: 

Ribosomal RNA Operon Copy Number Database, JCVI CMR: J. 

Craig Venter Institute Comprehensive Microbial Resource, OUT: 

Operational Taxonomic Unit, ML: Machine Learning, RF: Random 

Forests, IBD: Inflammatory Bowel Disease, BV: Bacterial 

Vaginosis, GNPS: Global Natural Products Social Molecular 

Networking, iMAP: Integrated Microbiome Analysis Pipeline, 

MIMIX: Microbiome Mixed Model, PROKKA: Prokaryotic 

Genome Annotation Toolkit, RAST: Rapid Annotation using 

Subsystem Technology, SPAdes: St. Petersburg genome assembler, 

FASTQC: Fast Quality control tool, NCBI: National Center for 

Biotechnology Information, BLAST: Basic Local Alignment Search 

Tool, RAxML: Randomized Axelerated Maximum Likelihood, 

SNPTree: Single Nucleotide Polymorphism Detection and 

Construction of a Phylogenetic Tree, ARDB: Antibiotic Resistance 

Genes Database, CARD: Comprehensive Antibiotic Resistance 

Database, SAM Tool: Sequence Alignment/Map Tool, wgMLST: 

Whole Genome Multilocus Sequence Typing, VFDB: Virulence 

Factor Database, ACT: Artemis Comparison Tool, BRIG: BLAST 

Ring Image Generator, dNTPs: deoxynucleoside triphosphates, 

SMRT: single-molecule real-time, HUMAnN: The Hierarchical- and 

Unified-Metagenomic-Analysis-for-Natural-and-Nurtured-

Organisms, WGS: Whole-genome sequencing, MEGA: Molecular 
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