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ABSTRACT

The objective of this review was to discuss recent advancements and challenges encountered in the
application of bioinformatics to health issues. To achieve this, a comprehensive literature review was
conducted to explore pertinent topics, such as the fundamentals of bioinformatics and its impact on the
healthcare sphere, the primary contributions of omics approaches (genomics, proteomics, transcriptomics,
among others) to understanding health, as well as the significant role of bioinformatics in biomedical
research and clinical practice. It is important to emphasize that bioinformatics, as an interdisciplinary field
integrating biology, computer science, and informatics, plays an increasingly crucial role in deciphering
complex data associated with human health. The information and findings outlined in this article
underscore that bioinformatics remains a fundamental component in improving health and advancing
medicine. However, considering the continuous evolution of technologies and tools, fostering collaboration
among researchers, healthcare professionals, and industry is pivotal to establish standards and approaches
enabling the ethical and effective utilization of this data in clinical practice. This collaboration is essential
to develop robust systems, ensure data security, and standardize analysis methods, providing significant
benefits for both public and individual health.

RESUMO

O objetivo desta revisdo foi discutir os avangos recentes e os desafios enfrentados na aplicagdo da
bioinformatica em problemas de satide. Para tanto, foi conduzida uma revisao bibliografica abrangente,
visando explorar topicos relevantes, como os fundamentos da bioinformatica e seu impacto na esfera da
saude, as principais contribuicoes das abordagens 6micas (gendmica, proteémica, transcriptémica, entre
outras) para a compreensio da satide, bem como o papel importante da bioinformética na pesquisa
biomédica e na pratica clinica. E importante ressaltar que a bioinformatica, como um campo
interdisciplinar que integra biologia, computacdo e informéatica, desempenha um papel cada vez mais
fundamental na decifragdo de dados complexos associados a saide humana. As informacoes e descobertas
delineadas neste artigo enfatizam que a bioinformatica continua a ser uma pega fundamental na melhoria
da satide e na evolucdo da medicina. Contudo, considerando a incessante evolugido de tecnologias e
ferramentas, é fundamental promover colaboracdo entre pesquisadores, profissionais da satde e a
industria, a fim de estabelecer padrdes e abordagens que permitam a utilizagéo ética e eficaz desses dados
na prética clinica. Essa cooperacao é essencial para desenvolver sistemas robustos, garantir a segurancga
dos dados e padronizar métodos de analise, proporcionando beneficios significativos tanto para a satde
publica quanto para a individual.
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Introduction

Bioinformatics is an interdisciplinary field that combines Biology with Computer
Science, Statistics and Information Technology (Hogeweg, 2011). This area aims to understand
biological phenomena through the application of computational methods and large-scale data
analysis. With recent advances in high-throughput measurement technologies such as next-
generation DNA sequencing and mass spectrometry, the amount of biological data generated
has increased exponentially (Uesaka et al., 2022). This explosion of data has created an urgent
need to adopt bioinformatics approaches to process, store, analyze and interpret this
information in an efficient and meaningful way.

Specialized computers and software have become an essential part of the biologist's
toolkit, both for routine analysis of DNA or protein sequences and for analyzing meaningful
information in huge biological data sets. Since the advent of next generation sequencing (NGS)
there has been a new path forward in population genetics, quantitative genetics, molecular
systematics, microbial ecology and many other fields of research, including advances in health
(Gauthier et al ., 2019).

Bioinformatics, applied to Health, uses computational methods and data analysis to
uncover, interpret and manage important biological information, especially related to human
health (Li et al., 2019). Through the integration of genomic data, bioinformatics plays a key
role in identifying genetic variants associated with diseases, accurately diagnosing genetic
conditions, and personalizing medical treatments based on individual patient characteristics
(Sunil Krishnan, Joshi & Kaushik, 2021). In this way, the innovative approach paves the way
for the development of personalized therapies, contributing to precision medicine and
enhancing the ability to offer more effective and personalized healthcare (Gomez-Lopez et al.,
2019).

Given this theme, the aim of this review was to discuss recent advances and challenges
faced in the application of bioinformatics to health problems. This study presents a discussion
on the fundamentals of bioinformatics and how it applies to the health area, as well as the main
contributions of this field of research in genomics, proteomics, transcriptomics and other fields
related to Health. Here we present examples of advances through the use of bioinformatics
tools in medicine, based on DNA sequencing, as well as the challenges faced in the integration

of complex data related to Clinical practice.

Fundamentals of Bioinformatics and its application in Health

Bioinformatics consists of an interdisciplinary area of science, which encompasses the
development of computational approaches and tools with the purpose of facilitating the
analysis, interpretation, processing and integration of biological data (Espindola et al., 2010).

Itis divided into two areas: (1) Classical bioinformatics — addresses issues related to nucleotide
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and amino acid sequences; (2) Structural bioinformatics — studies the biological issues of the
three-dimensional structure adopted by proteins from the primary structure, using the aid of
computational chemistry and molecular modeling (Verli, 2014).

Bioinformatics associates several areas of knowledge with robust computational tools
through analytical programs and targeted systems, which predict biological properties and
behaviors, in addition to storing the biological data generated (Aragjo et al., 2008; Cattley &
Arthur, 2007; Verli, 2014). Its applications cover a wide range of generated data, encompassing
analysis for protein function prediction, phylogenetic studies and target identification
(Luscombe et al., 2001; Sonam & Singh, 2019). Bioinformatics applications offer valuable
insights into the structure, function and evolution of organisms (Figure 1).

Figure 1:
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In recent decades, Omics studies have enabled the application of bioinformatics tools
in identification of biomarkers, precision medicine and drug interactions, especially in diseases
such as cancer (Junior & Carlos, 2021; Zamora-Obando et al., 2022; Soares et al., 2023).
Efforts to identify new therapeutic targets are based on studies that consider
pharmacogenetics, proteomics, transcriptomics, personalized medicine, and target regulators
such as microRNAs (miRNAs) and transcription factors (TFs) (Zheng et al., 2006; Wang et al.
al., 2020).
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Main contributions of Omics related to Health

Bioinformatics, associated with Omics, facilitates the identification of biomarkers for
early diagnosis, contributes to the development of personalized therapies and boosts research
into new medicines. Furthermore, it is essential for understanding genetic variability in
populations, helping to predict disease risks and implement preventive strategies (Espindola
et al., 2010; Raja et al., 2017).

Among Omics studies, genomics is used to discover new genes or susceptibility loci
associated with different characteristics (Bertrand et al., 2015; Tsoi et al., 2015). Proteomics
deals with the structure, function and modification of proteins expressed in a biological system,
especially post-transcriptional modifications such as phosphorylation, methylation and
acetylation, which impact transcription and translation of the genome in different proteomes
(James, 1997; Khoury et al ., 2011). The epigenomic study aims to characterize the epigenetic
modifications of the genome to understand the regulations of gene expression, while
metabolomics identifies the metabolites present in the cell and tissue, revealing the fluctuation
of these metabolites in different conditions (Nicholson et al., 1999). Transcriptomics allows
the comprehensive assessment of gene expression patterns in cells and tissues, studying the
complete set of RNA transcriptomes (Mortazavi et al., 2008).

Omics often generates data at high speed, with high throughput and massive outputs,
making them highly dependent on computational tools and bioinformatics (Mosa et al., 2017).
A major challenge is the integration of data generated by different Omics to generate
meaningful information. Understanding the biological system can have significant impact in
areas such as disease prevention, diagnosis, and treatment strategies (Figure 2) (Guido et al.,
2010).

Figure 2:

Bioinformatics applications in Health.
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In diagnosis and personalized medicine, the analysis of genomic data stands out to
identify genetic diseases and guide the development of personalized treatments based on the
individual genetic profile (Pantoja et al., 2022). In pharmacogenomics, the influence of genetic
variations on the response to medications is examined, optimizing drug prescriptions to
minimize side effects and maximize effectiveness (Stein et al., 2020). Furthermore, in
biomedical research, it is important to identify therapeutic targets, study biological pathways
and analyze gene expression to understand molecular bases of pathological conditions (Silva

& Cavalcante, 2021).

In genomic epidemiology, it tracks genetic patterns in populations to understand
genetic predisposition to disease and the evolution of pathogens (Zhu et al., 2021). In gene
therapy, it contributes to the development of therapeutic strategies, based on genetic

manipulation to treat hereditary diseases (Bulaklak & Gersbach, 2020).

Bioinformatics in Biomedical research and Clinical practice

In healthcare, Bioinformatics is fundamental for the analysis of clinical data, being used
to identify genetic predispositions to hereditary diseases, thus directing personalized therapies
(Kanzi et al., 2020). These studies have seen major advances in NGS technology, using
sequencing data to develop workflows and/or tools that are applied in clinical diagnostics to
identify genetic mutations associated with diseases, through the detection of variants

(Haworth, Savage & Lench, 2016; Al Kawam et al., 2017).

Also noteworthy is the use of molecular modeling that helps predict the three-
dimensional structure of proteins based on the amino acid sequence. This is useful for
understanding the function of proteins and designing targeted drugs (Orlov et al., 2021). In
this context, the important role of drug design and understanding drug-protein interactions
stands out, leading to a better understanding of the side effects and efficacy of these drugs
(Orlov et al., 2021). For these cases, molecular docking is used, which can predict how

molecules interact with each other (Takaya et al., 2008).

There are different Bioinformatics tools that can be applied in Health, mainly in the

analysis of variants, including: VarSeq (https://www.goldenhelix.com/products/VarSeq/),

InterVar (https://wintervar.wglab.org/), ANNOVAR
(https://annovar.openbioinformatics.org/en/latest/), Alamut Visual
(https://www.sophiagenetics.com/platform/alamut-visual-plus/), Mutation Taster

(https://www.mutationtaster.org/) etc.
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Developed by Golden Helix, VarSeq is a genomic analysis platform that helps interpret
variants for genetic diseases. InterVar is a tool used to interpret genetic variants, mainly in
cases of rare and hereditary diseases. ANNOVAR is widely used software to annotate genetic
variants with information from various public databases, helping with the interpretation of
variants. Alamut Visual is variant interpretation software used by clinical geneticists for
analysis and annotation of genetic variants. Mutation Taster is an online tool that helps predict

functional effects of sequence variants (Figure 3).

Figure 3.
Bioinformatics tools to analyse variants applied to Health
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However, it is important to highlight that the integration of complex data generated
by various Bioinformatics techniques into clinical practice faces a number of challenges (Al
Kawam et al., 2017). One of the main obstacles is the heterogeneity and scale of the data.
Different Bioinformatics techniques produce data sets that vary in terms of format, structure

and size, making joint integration and analysis a complex task (Merelli et al., 2014).

Furthermore, data quality and standardization pose significant challenges. The
accuracy of data from different sources and techniques may vary, and the lack of

standardization in collection, storage and analysis methods can generate inconsistencies,
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hindering the correct interpretation of results (Fernald et al., 2011). The ethical and legal
dimension, related to privacy and patients' consent to the use of genomic data in clinical
practice, is also a fundamental concern that must be addressed (Thompson, Drew & Thomas,

2012).

The complexity of bioinformatics data requires a robust storage, processing and
analysis infrastructure, which requires significant investments in computational resources and
specialized personnel. Furthermore, training health professionals to properly interpret and use
the information generated by these techniques is important, but represents a considerable

challenge due to their complexity and constant evolution (Mulder et al., 2017).

Overcoming these challenges requires collaborative efforts between researchers,
healthcare professionals, regulators and industry to develop standards, tools and approaches

that enable the effective and ethical use of these data to improve healthcare.

Final considerations

The present study explored the relevance of Bioinformatics in clinical data analysis,
highlighting its fundamental role in identifying genetic predispositions, drug discovery and

developing personalized therapies.

However, the integration of complex data generated by diverse Bioinformatics
techniques into clinical practice presents significant challenges, from data heterogeneity to
ethical issues related to patient privacy. The need for a robust infrastructure, investments in
computing resources and continuous training of healthcare professionals are crucial aspects to

be considered.

The study also highlighted that Bioinformatics continues to play a central role in
improving health and advancing medicine. The constant evolution of technologies and tools
will require collaborative efforts between researchers, healthcare professionals and industry to
develop standards and approaches that enable the ethical and effective use of these data in

clinical practice.

It is also necessary to renew data standardization, improve integration and analysis
techniques, in addition to developing more accessible and user-friendly tools for healthcare
professionals. By addressing these challenges, we will be able to fully explore the potential of
Bioinformatics to benefit global health and drive significant advances in personalized

Medicine.
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