"Next Generation Sequencing (NGS) technology as a cutting-edge tool for
the characterization of pathogens of interest in health.".
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Introduction

1. Role of Microbiology in the Identification of Pathogenic
Microorganisms

Various diseases associated with pathogens have been reported worldwide
by a large number of people. Some of the most common have been Escherichia
coli (E. coli), Campylobacter jejuni (C. jejuni), Listeria monocytogenes (L.
monocytogenes), Shigella spp., and Salmonella spp., which cause dysentery,
food poisoning, chronic diarrhea, and outbreaks originating in hospitals. This is a

significant public health concern (Marusic, A. 2011).

These microorganisms constitute an important part of the microflora in various
environments and ecological niches. They possess the ability to survive in
extreme conditions or adapt to different external factors such as temperature,
humidity, and limited nutrient availability. In this context, some pathogens are
difficult to cultivate due to their demanding energy and nutrient requirements.
Their genetic characteristics and biochemical capabilities determine their
pathogenicity, affecting both the industry and public health (Franco-Duarte, R et
al. 2019).

It is estimated that approximately 1,400 pathogens have the capacity to cause
human diseases, with bacteria being the etiological agents in 350 million cases
of foodborne illnesses (Mendez-Vilas, A. 2012). Clinical microbiology plays an
important role for the pathogen identification through biochemical techniques,
microscopic examinations, and cultures on selective media. These methods have
enabled the management of infectious diseases and epidemiological surveillance

at both local and global levels.

The adoption of new methodologies has facilitated the transition from
conventional microbiology techniques to automated technologies such as mass
spectrometry and genomics. These advancements have enabled the
characterization of difficult-to-cultivate isolates and the identification of outbreaks
(Varadi, L., et al.2017).

In a clinical setting, the primary challenge is to identify a possible infection

caused by pathogenic microorganisms that could lead to hospital outbreaks.



Several factors contribute to the emergence of outbreaks,, including the
interaction between the host and the infectious agent, which influences both the
course and transmission of the disease. Therefore, there should be a close
collaboration between clinical microbiology laboratories and physicians to guide
a preliminary clinical diagnosis of individuals with suspected infections, aiming to
provide efficient antibiotic treatment (Tang, Y.-W., & Stratton, C. 2012).

Thus, precise identification of microorganisms is essential in healthcare,
applied research, and industry, encompassing areas from clinical microbiology to
food manufacturing. Various criteria are considered when choosing identification
methods, ranging from traditional techniques to cutting-edge technologies
(Prakash, O., et al. 2007).

2. Evolution from Classical Microbiology to Molecular Microbiology and
Its Limitations

Since World War Il, clinical microbiology has been characterized as a
discipline in constant motion, evolving steadily with the advent of new
technologies that have revolutionized the diagnosis of multiple infectious
diseases (Vanbelkum, A. 2003). During this period and for many years,
phenotypic classification was considered the only viable approach for the
identification of microorganisms, even though this methodology often led to

uncertain results and analytical difficulties.

Numerous reports describe inaccuracies in strain identification based on
phenotypic methods or discordant results, highlighting the need technologies that
generate consistent and precise results (Donelli, G., Vuotto, C., & Mastromarino,
P. 2013). Consequently, the evolution of clinical microbiology has emerged in
response to clinical needs. The adoption of innovative technologies over
conventional methods has improved the identification of microbial etiologies
associated with various infectious diseases, leading to more precise and effective
therapeutic treatments (Ainsa, J. 2002a).

Since classic methods based on cultivation have constituted the first step in
microbiological diagnosis, they depend on the growth of an infectious or
pathogenic microorganism and subsequent its isolation to obtain a pure culture.

Over time, other general procedures have been incorporated, such as staining,



the application of selective growth media, biochemical tests, and the

development of more precise assays (Isenberg, H. 2003) (Figure 1).
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Figure 1. Evolution of Clinical Microbiology Methods for Microorganism
Identification

The evolution of conventional microbiology, from automated plate readers to
molecular identification of organisms cultured in solid media, offers potential
advantages in terms of time, cost, and precision of increasingly specialized
diagnostic tests, bypassing the need for cultivation (Fairfax, M., Bluth, M. H., &
Salimnia, H. 2018). On the other hand, biochemical characterization has enabled
the establishment of phenotypic profiles for different microorganisms This serves
as the basis for taxonomic identification, with cultivation serving as a preliminary
requirement for the development of phenotypic antimicrobial susceptibility tests,
which are considered as a preliminary diagnosing an infection (Tang, Y.-W., &
Stratton, C. 2012)

Molecular tests utilizing nucleic acid amplification, such as PCR (Polymerase
Chain Reaction), are considered highly successful due to their exceptional
sensitivity and specificity in detecting new pathogens through broad-spectrum
DNA amplification methods. These tests have become routine, employing

universal primer sites associated with conserved genes such as the 16S region



in bacteria, which can be amplified via PCR (Deiman, B., van Aarle, P., &
Sillekens, P. 2002).

However, the evolution of this test to qPCR (real-time PCR) along with
commercial kits, has automated these technologies and expanded their potential
applications (Gilbert, G. 2002). Similarly, commercial kit providers have
significantly expanded the number of molecular diagnostic assays for the

detection of infectious diseases.

Advancements in these types of tests have enabled real-time results that
extend beyond mere detection, providing a semi-quantitative assessment of the
quantity of bacterial cells present in the clinical sample. Consequently, these data
serve as an indicator of the severity of an infectious disease, allowing for the
identification various genes associated with antimicrobial resistance (Grisol, A et
al., 2002).

Despite ongoing advancements, there are still cases of human diseases
without a defined microbial cause. Their epidemiological and clinical
characteristics are often associated with potential infections resulting from
population growth, which increases the risk of exposure to zoonotic agents or
bacterial pathogens carrying acquired antimicrobial resistance genes (Sibley, D.,
Peirano, G., & Church, D. 2012).

In conclusion, both conventional and molecular methods present limitations in
pathogen diagnosis (refer to Table 1). The applicability of each of these
methodologies largely depends on the type of sample, availability of resources,
and infrastructure. This will facilitate the transition towards new technologies
aimed at improving microorganism identification, thereby providing useful tools to

physicians with the goal of benefiting patients.

Table 1. Limitations of Conventional Microbiology Methods vs. Molecular

Methods in pathogen diagnosis.

Aspect Conventional Molecular Methods
Microbiology Methods
Sensitivity Lower Higher
Specificity Lower Higher
Analysis Time Longer Shorter
Process Complexity High Low




Requires Culturing Yes No
Pathogen Detection Limited Broad
Precise Identification Not always precise High precision

Cost Relatively low Can be higher

Source: Sibley, D., Peirano, G., & Church, D. 2012.

3. Genomics: The New Era of Identifying and Characterizing Pathogens
of Interest in Health

With the growing concern about the spread of infectious diseases with
pandemic potential and the increasing attention to outbreaks of communicable
diseases, new technologies for identifying pathogens of interest in health are
playing an increasingly important role. These tools are crucial for preventing and
mitigating infections associated with a variety of diseases, including microbial

organisms (Ellwanger et al., 2021; Tang, Croxen, Hasan, Hsiao, & Hoang, 2017).

Recently, advances in DNA sequencing have revolutionized epidemiology,
allowing for a detailed analysis of pathogen genomes. These methods, faster and
more precise that traditional techniques, are gradually replacing older methods
and are expected to better guide public health practices and infection control
more effectively (Tang et al., 2017). In this context, rapid detection and precise

identification of microorganisms are crucial challenges in the field of health.

Since the early identification of microorganisms, scientists have developed
classification schemes with the aim to systematically characterize species in an
evolutionary and phylogenetic context (Emerson, Agulto, Liu, & Liu, 2008). This
identification has proven more challenging for bacteria than for other organisms.
Due to their size, bacteria have a limited range of morphological attributes
(Emerson et al., 2008).

Additionally, bacteria exhibit enormous biochemical diversity in both their
metabolism and cellular structure. While this diversity is useful for the taxonomic
identification of some bacterial groups, it is not comprehensive for all bacteria
(Emerson et al., 2008). Classical methods for identifying microorganisms rely on

approaches that are time-consuming and labor intensive.

For decades, clinical microbiology laboratories and public health authorities

have relied on phenotypic methods to identify bacterial pathogens. However,



these approaches prove inadequate for bacteria that are challenging to cultivate,
exhibit slow growth, or possess uncommon phenotypes, making identification

difficult and time-consuming (Franco-Duarte et al., 2019; Winand et al., 2019).

Recently, metagenomics has played a pivotal role in identifying new species
and strains, as well as monitoring outbreaks and complex diseases (Miller,
Montoya, Gardy, Patrick, & Tang, 2013). With the rapid advancement of next-
generation sequencing (NGS) technologies and the decreasing costs associated
with them, metagenomic methods are expected to become increasingly prevalent
in microbiological and public health laboratories for investigating infectious
diseases. This is particularly likely due to recent technical improvements that
enable the detection of pathogens at very low concentrations and allow testing

directly from clinical samples or even from individual cells (Miller et al., 2013).

Alternatives such as genotypic methods for microbial identification are
classified into two categories: (1) techniques based on features and (2)
techniques based on sequences. Feature-based techniques use a structured
procedure to obtain a series of fragments of an organism's chromosomal DNA.
These fragments are separated by size to generate a unique profile of that
organism and identify relationships with its close relatives. Utilizing this
information, databases with profiles of known organisms can be created, allowing

for comparison with other known organisms (Emerson et al., 2008).

On the other hand, techniques based on genomic sequences focus on
determining the sequence of a specific fragment of DNA, sometimes associated
with a particular gene (Emerson et al., 2008). This approach is similar to that used
in genotyping, where a database of specific DNA sequences is used, and then a
sequence of interest is compared (Emerson et al., 2008). The degree of similarity
between the sequences indicates how closely related these organisms are.
Additionally, computational algorithms enable the comparison of multiple
sequences and construction of phylogenetic trees describing relationships
between species across various taxonomic groups (Emerson et al., 2008; Godini
& Fallahi, 2019).

Another alternative is the sequencing of the 16S rRNA gene, a well-

established method used to identify bacteria regardless of their ability to be



cultured or their phenotype (Muhamad Rizal et al., 2020; Winand et al., 2019).
The 16S rRNA gene spans approximately 1500 base pairs and comprises nine
regions (V1 to V9), interspersed with more conserved regions. This gene is
present in all bacteria and exhibits varying evolutionary rates depending on the
region of the gene considered (Church et al., 2020; Winand et al., 2019). For
roughly the past 30 years, clinical microbiology laboratories have employed
targeted partial cyclic sequencing of the 16S gene to identify and classification of

human bacterial pathogens (Church et al., 2020).

Some experts argue that although sequencing of the 16S gene has proven to
be a reliable genetic marker, unequivocal identification is not always achievable
due to similarities in the 16S rRNA gene sequence among some bacterial
species. Therefore, they advocate for sequencing analysis methods that cover
the entire 16S-23S rRNA region to enhance species-level identification resolution
(Sabat et al., 2017). Additionally, some specialists suggest that whole-genome
sequencing (WGS) using next-generation sequencing (NGS) has the potential to

replace 16S sequencing for routine diagnostic analysis (Church et al., 2020).

Next-generation sequencing is increasingly being used in the diagnosis of
infectious diseases. There are studies where molecular panels are utilized to
identify bacteria, viruses, and parasites through Illumina and Oxford Nanopore
technologies. These platforms have the capability to sequence small fragments
to identify pathogens in complex samples (Stefan, Hall, Graham, & Minogue,
2022). However, they are deemed complementary tests aimed at obtaining

reliable results within a relatively short period of time.

Currently, whole-genome sequencing (WGS) has become accessible and
cost-effective for genotyping bacteria. Analyzing the entire genome of these
pathogens offers crucial information for the identification, characterization, and
evolutionary lineages. Furthermore, this method enables the detection of genes
resistant to specific antibiotics and facilitates tracing the origin of outbreaks
(Franco-Duarte et al., 2019). Despite some reservations among healthcare
professionals about this new technique, its potential in identifying pathogens and
antimicrobial resistance in the clinical field is being evaluated. For instance, in
one study, the transmission dynamics of a vancomycin-resistant Enterococcus
faecium outbreak in an intensive care unit were detected using WGS. Additionally,
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it revealed the presences of resistance genes in the analyzed bacterial isolates
(Franco-Duarte et al., 2019; McGann et al., 2016).

Advances in whole-genome sequencing (WGS) technologies and analysis
processes have rapidly increased production and analysis speed while reducing
overall costs (Quainoo et al., 2017). However, one of the challenges facing clinical
and research laboratories with these technologies is implementing the capacity
to transform large amounts of genomic sequencing data into practical,
understandable, and useful information for clinical interpretation. This involves
not only identifying microorganisms and analyzing their genomic profile but also
interpreting these data in terms of diseases and public health implications.
Overcoming this challenge will require interdisciplinary collaboration and
individuals with training and competence in bioinformatics to ensure that genomic
sequencing becomes an effective tool in clinical practice (Church et al., 2020),

thereby transforming decision-making for public health policies.

4. Genomic Data Analysis as a Tool for Pathogen Studies

Genomic information provides a discriminatory capacity that aids in
distinguishing closely related organisms and enables surveillance of antimicrobial
resistance. (Comas, 2017) (Deng et al., 2016).

Bioinformatics plays a vital role in the identification and characterization of
pathogens, proving indispensable in the analysis of data from next-generation
sequencing. Through bioinformatics tools, taxonomic characterization of
microorganisms, determination of virulence factors, antimicrobial resistance
analysis, and microbiome studies are achievable. Furthermore, deeper insights
into transcriptomic, proteomic, and metabolomic analyses contribute to
understanding pathogen behavior and enhancing future microbiological studies.
Additionally, in the realm of public health, it enables effective genomic
surveillance and containment of emerging outbreaks, epidemics, and pandemics.
(Genetics and Biotechnology Department, Strategic Center for Diabetes
Research, College of medicine, King Saud University, KSA & Saeb, 2018)
(Hogeweg, 2011).



There are several reference databases that facilitate the identification of
bacterial organisms, with Greengenes being one of the prominent ones.
Particularly notheworthy is its recent update, Greengenes2, which contains
21,074,442 sequences comprising complete genomes and 16S rRNA records
(McDonald et al., 2024) Additionally SILVA, harbors 11,387,745 SSU/LSU
sequences of bacteria, archaea, and eukaryotes (https://www.arb-silva.de/)
(Genetics and Biotechnology Department, Strategic Center for Diabetes
Research, College of medicine, King Saud University, KSA & Saeb, 2018).

Whole Genome Sequencing (WGS) analysis has supplanted traditional
molecular techniques for subtyping bacteria and fungi in outbreak surveillance.
This approach, now routine in various countries such as the UK, France,
Denmark, Canada, and the United States, has surpassed previously common yet
limited methods like Pulsed-Field Gel Electrophoresis (PFGE) and Multi-Locus
Sequence Typing (MLST). Advanced techniques for determining genetic
similarity between bacteria, such as Single Nucleotide Polymorphism (SNP)-
based Typing or whole genome Multi-Locus Sequence Typing (wgMLST), offer
greater resolution in this regard (Alvarez-Molina et al., 2021) (Jagadeesan et al.,
2019).

Genome reconstruction is achieved through de novo assembly, which
involves assembling sequences without using a reference genome. The most
common tool for this task for this task is SPAdes, a toolkit designated to facilitate
assembly and analysis of short-read sequencing data. Specifically tailored for
small genomes like those of bacteria, viruses, and fungi, SPAdes is not

recommended for use with large genomes (Prjibelski et al., 2020).

Table 1. Utility of multiple SPAdes tools.

Tool Utility Reference

SPAdes General genome assembler. (Prjibelski et al., 2020)

metaSPAdes For metagenomes. (Nurk et al., 2017)

plasmidSPAdes Extraction and assembly of | (Antipov et al., 2016)
plasmids.

metaplasmidSPAdes | Extraction and assembly of | (Antipov et al., 2019)
plasmids in metagenomes.
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metaviralSPAdes Assembly of metaviromes. (Antipov et al., 2020)
rnaSPAdes Assembly of transcriptomes | (Bushmanova etal.,
from RNA-seq data. 2019)
biosintheticSPAdes | Assembly of biosynthetic genes. | (Meleshko et al., 2019)
coronaSPAdes Assembly of SARS-CoV-2. (Meleshko et al., 2021)

Once the genome is assembled, gene annotation can be performed using
tools such as Prokka (Seemann, 2014), PGAAP (Tatusova et al., 2016) and
PATRIC (Davis et al., 2019) to understand the biological function of genes and

their contribution to cellular processes and phenotypic traits. Analysis of bacterial

drug resistance can be conducted by using tools like ResFinder (Florensa et al.,
2022) and its most recent update ResFinderFG v2.0 (Gschwind et al., 2023),
CARD (Comprehensive Antibiotic Resistance Database) (Alcock et al., 2023) or

RGI (Resistance Gene Identifier) which are among the most commonly used.

Prediction of pathogenicity and virulence can be achieved using tools like

PaPrBag (Deneke et al., 2017) (Genetics and Biotechnology Department,

Strategic Center for Diabetes Research, College of medicine, King Saud
University, KSA & Saeb, 2018).

Table 2. Tools for annotating bacterial genomes and analyzing

antimicrobial resistances.

Tool Analysis Link Reference
Prokka Genome https://github.com/vdejager/prokka (Seemann,
annotation 2014)
PGAAP Genome https://www.ncbi.nlm.nih.gov/genome/annotation_prok/ | (Tatusova
annotation etal.,
2016)
PATRIC Genome https://www.patricbrc.org (Davis
annotation etal.,
2019)
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ResFinderFG | Antimicrobial | http://genepi.food.dtu.dk/resfinder (Gschwind et al.,

v2.0 resistance 2023)

CARD Antimicrobial | https://card.mcmaster.ca/ (Alcock et al.,
resistance 2023)

RGI Antimicrobial | https://card.mcmaster.ca/analyze/rgi (Alcock et al.,
resistance 2023)

PaPrBaG Pathogenicity | https://github.com/crarlus/paprbag (Deneke etal.,
and virulence 2017)

In addition to these bioinformatics resources, there are web applications
that perform the entire analysis in an automated and user-friendly manner,
especially for those with limited bioinformatics experience. Among these is MG-
RAST (Meyer et al., 2008) which consists of over 150,000 datasets and enables
users to analyze sequences from FASTQ files (Keegan et al., 2016). Similarly,
the Viral and Bacterial Bioinformatics Resource Center is also available (BV-
BRC) (Olson et al., 2023), which is a compilation of databases from PATRIC, the
Influenza Research Database (IRD) (Zhang et al., 2017) and the Virus Pathogen
Database and Analysis Resource (ViPR) (Pickett et al., 2012). BV-BCR is highly
useful for analyses of both bacteria and viruses, enabling antimicrobial resistance
analysis and the determination of pathogenicity and virulence factors in both

types of microorganisms (Olson et al., 2023).

Similarly, these analyses are applicable to clinically relevant and
diagnostically challenging fungi. For this purpose, databases like the Pathogen-
Host Interactions database (PHI-base) are available, which includes a database
of approximately 290 species of clinically relevant fungi (Cuzick et al., 2023).
FungiDB is also available (https://fungidb.org/fungidb/app) FungiDB is a
computer database and web application exclusively dedicated to fungi and
oomycetes. It comprises 674 datasets and encompasses 300 genomes across
various taxa such as Ascomycota, Basidiomycota, Chytridiomycota, Albuginales,

Peronosporales, among others. This database contains a wide array of tools
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facilitating user-friendly characterization and resistance analyses with robust data
(Basenko et al., 2024).

These tools enable precise identification of microorganisms, delving into
their antimicrobial resistance and virulence. Furthermore, collaboration across
various disciplines has forged a robust framework for early detection of infectious
diseases, containment of outbreaks, epidemics, and pandemics, and the
implementation of effective public health strategies. This comprehensive
approach propels research towards new frontiers, fostering a deeper

understanding of the microbiological and epidemiological challenges we face.

5. Global Genomic Surveillance of Antimicrobial Resistance-
Associated Infectious Diseases

The importance of genomics in antimicrobial resistance surveillance has
become relevant since the COVID-19 pandemic. The emergence of this disease
marked an unprecedented milestone worldwide. Surveillance of SARS-CoV-2
variants has allowed governments, especially middle- and low-income countries
that previously lacked genomic laboratories and bioinformatics human resources,
to develop this infrastructure and technology. The pandemic has also
demonstrated the critical need for genomic laboratories in health systems to
improve responses. Many countries are now incorporating genomics into their
national strategic plans for antimicrobial resistance surveillance and securing

funding through donors or national resources (World Health Organization.,2020).

The implementation of genomic surveillance to address antimicrobial
resistance provides detailed information that enables in-depth characterization of
disease outbreaks and facilitates the implementation of control and prevention
measures (Jauneikaite et al., 2023). According to the World Health Organization
document entitled "GLASS Whole-genome sequencing for surveillance of
antimicrobial resistance,” potential uses of genomics in public health include
(World Health Organization.,2020):

¢ Identification of high-risk clones or antimicrobial resistance at regional and

global levels.
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e Identification of antimicrobial resistance mechanisms and their
transmission to human populations, animals, and environmental sources
("One Health" approach).

¢ |dentification and monitoring of the outbreaks.

¢ |dentification of new antimicrobial and vaccine targets.

e Development of point-of-care tests for antimicrobial resistance.

Genomic surveillance provides new insights into disease transmission and
virulence, and the dynamics of antimicrobial resistance when combined with
epidemiological, clinical, and phenotypic microbiological information. This
knowledge is useful for risk assessment and the design of effective interventions,
enabling the rapid and accurate identification and characterization of pathogens.
It also facilitates the early detection of outbreaks, tracing of transmission chains,
and identification of sources of infection, which can generate significant savings
for public health (World Health Organization.,2020).

In disease outbreak investigations, there are three levels of linkage between
cases that increase resolution. Identifying exact transmission pairs and chains of
transmission is essential for investigating outbreaks related to antimicrobial
resistance. Genomics offers the highest resolution, allowing epidemiologists to
guide reactive and proactive measures by tracing transmission routes and
discovering outbreak origins (Harris et al.,2013). The use of genomics to infer
transmission may be limited by the diversity of the circulating pathogen
populations. Two genetically similar bacteria may indicate genuine transmission
between hosts, resulting from different introductions of a third host, or arise from
independent lineages with similar mutational events, although the latter is unlikely
when there are a significant number of wunique differences (
Senghore et al,2023).

Genomics provides a level of detail that is superior to previous methods and
streamlined data processing. This allows pathogen surveillance from lineage
levels to granular identification of identical isolates. In addition, it facilitates the
detection of genetic determinants of antimicrobial resistance, virulence, and other
relevant phenotypic markers previously explored using molecular techniques

such as PCR. The electronic nature of genomic data allows for the sharing and
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analysis of results between laboratories and bioinformatics centers, favoring

comparability and external quality assessment (Jauneikaite et al., 2023).

The use of whole-genome sequencing (WGS) improves standardization and
reproducibility, providing greater comparability between laboratories than
phenotypic testing. Digital sequence data allow retrospective analyses and
ensure backward compatibility between new and old analyses (World Health
Organization.,2020).

Strengthening research and development of new diagnostics and treatments
is crucial because of the paucity of products against available treatment-resistant
strains. Although genomics presents some limitations and practical challenges to
its widespread application, it is vital that countries strengthen their surveillance
systems and develop the capacity to respond to results, with effective response
teams to stop the emergence and spread of antimicrobial resistance (Bankevich
et al.,2012)

The document produced by the World Health Organization entitled "Global
genomic surveillance strategy for pathogens with pandemic and epidemic
potential 2022-2032" indicates that the vision for the future of genomic
surveillance is to ensure scalability, sustainability, and integration into healthcare
systems and surveillance networks. Although the infrastructure requires
significant investment, genomics has the potential to transform healthcare and
response through specialized surveillance, accurate diagnostics, vaccine design,

and personalization of treatments (World Health Organization.,2023)

6. Future Perspectives of Genomics in Microorganism
Characterization

The genomics field has revolutionized our understanding of microorganisms,
providing a deeper characterization at the genetic level. This has opened new
possibilities for studying microbial diversity, evolution, and function, as well as
their potential applications in fields such as medicine, agriculture, environmental
sciences, and biotechnology (Rogers, Y. H., & Zhang, C., 2016). With the
progress of genomic technologies, a complete and detailed overview of microbial

genomes is expected, including the analysis of metagenomes, identification of
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new microbial species, and emergence of resistance mechanisms (De Abreu, V.
A., Perdigéo, J., & Almeida, S., 2021) (Danko et al.,2021).

In addition, genomics will play a crucial role in identifying and understanding
the molecular mechanisms of emerging diseases and their epidemiology,
resulting in improved diagnostics, vaccines, and therapeutic strategies
(McCarthy, J.., McLeod, H. L., & Ginsburg, G.., 2013). This will contribute to the
development of personalized medicine and effective treatments for infectious
diseases. In addition, the integration of genomics with other omics technologies,
such as proteomics and metabolomics, will provide a more complete
understanding of the interactions and functions of microorganisms in complex
ecosystems (Singh et al.,2020). Overall, the prospects for genomics in
microorganism characterization are broad and promising. There is great potential
to advance the knowledge and applications of microbiology, which will improve
human health, environmental sustainability, and biotechnological innovations. In
the future, different scientific and applied fields will continue to be transformed in
this discipline. The following are some of the key perspectives.:

¢ Human health and diagnosis disease

Genomics will facilitate more accurate and rapid diagnosis of infections
caused by microorganisms (Sun, C., & Medvedev, P. 2019) Next-generation
sequencing (NGS) and bioinformatics will help rapidly detect pathogens in clinical
samples, including the presence of previously unrecorded antibiotic-resistant
strains, and will improve clinical outcomes with the development of more specific
and effective treatments (Koser, C.et al,.2012). Whole-genome sequencing of
microorganisms in real time will support the detection and monitoring of infectious
disease outbreaks, biosafety analysis, pathogen evolution, and discovery of

unusual resistance mechanisms (Gardy, J. & Loman, N. J. 2018)
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e Microbiota

The use of genomic tools to understand how the microbiota affects health and
its mechanism of action in illnesses will further contribute to the development of
personalized therapies, specific probiotics, and diets to promote healthy microbial
balance Gupta, A., Saha, S., & Khanna, S. 2020). Therapies to modulate gut
microbiota: Past, present and future. World journal of gastroenterology, 26(8), 77

e Environment

Through microorganism genomic characterization, we will characterize genes
or genetic regions for biotechnological applications, such as biofuel production,
pollutant elimination, and the manufacture of new microbes with beneficial

potential Keasling, J., 2021)

¢ Food safety

Genomics plays an important role in food security. By studying genes related
to desirable traits such as disease resistance or increased yield, genetic profiling
could create stronger and more nutritious plant varieties (Hoisington, D.,1991).
This not only enhances productivity, but also reduces the need for pesticides and
chemical fertilizers, thereby encouraging more environmentally friendly
agricultural practices. In the near future, genomics will continue to be an
invaluable tool to ensure food security for future generations (Hoisington,
D.,1991)

In conclusion, countries should make great efforts to implement sustainable
genomic surveillance systems, where the use of sequencing technologies could
be transversal and applied to different fields of study such as medicine,
biotechnology, agriculture and ecology. Only in this way will we have new tools
and approaches to address global challenges related to health and the struggle

against antimicrobial resistance.
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