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Abstract. The article presents general information about bioinformatics, its fields, describes the IT tools 

used in data processing. Also, the stapes of realizing a bioinformatics data processing are presented and an 

example of an application is described in the realization of which the author was involved. 
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Rezumat. În articol se prezintă informații generale despre bioinformatică, domeniile ei, se descriu 

instrumentele informatice utilizate în prelucrarea datelor. De asemenea, sunt prezentate etapele realizării 

unei prelucrări a datelor bioinformatice și se descrie un exemplu de aplicație la realizarea căreia a fost 

implicată autoarea. 
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What is Bioinformatics? 

Bioinformatics is an interdisciplinary field that processes biological data using 

computational tools and algorithms to extract novel relevant information and interpret the 

results. It facilitates the storage, retrieval, and analysis of biological data, enabling 

researchers to make significant discoveries in various areas, including evolutionary 

biology, molecular medicine, and agricultural science. 

Bioinformatics is a rapidly evolving field with diverse applications across various domains 

of biological research. Some of the prominent research fields within bioinformatics 

include: 

- Genomics: Genomics involves the study of the structure, function, and evolution of 

genomes.  

- Proteomics: Proteomics focuses on the large-scale study of proteins, including their 

structures, functions, and interactions. 

- Transcriptomics: Transcriptomics involves the study of the transcriptome, including 

mRNA, non-coding RNA, and other RNA transcripts. 

- Pharmacogenomics: Pharmacogenomics aims to understand how an individual's 

genetic makeup influences their response to drugs. 

- Systems Biology: Systems biology aims to understand biological systems as 

integrated and interconnected networks of genes, proteins, and other molecular 

components. 

A general workflow in bioinformatics involves several key steps, from data 

acquisition and preprocessing to analysis and interpretation. Follows an overview of a 
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typical bioinformatics workflow that may vary depending on the specific research analysis 

being conducted. 

1. Data collection: The process begins with the collection of biological data such as 

extraction of DNA or RNA, protein sequences or other types of biological 

information from public databases, experimental data, or literature. 

2. Sequencing: The process of determining the precise order of nucleotides within a 

DNA or RNA molecule. There are several sequencing techniques including Sanger 

Sequencing, Next-Generation Sequencing (NGS), Third-Generation Sequencing. 

3. Raw data acquisition: The nucleotide sequences produced by the sequencing are 

stored in a FASTA format file, which is a standard text-based format where each 

sequence has a unique identifier. 

4. Data analysis: The sequenced data requires preprocessing and analysis in order to 

ensure the quality of the data and uncover patterns, relationships and structures within 

complex biological data. This step is performed by a bioinformatician applying 

various computational tools and algorithms. 

5. Data visualization and interpretation: Visualization tools are used to present the data, 

analysis results, and models in a comprehensible format, such as graphs, charts, and 

diagrams. The results are interpreted in the context of the research question. 

 

Figure 1. Key steps of General workflow in bioinformatics 

 

Bioinformatics tools 

Among the most known and used bioinformatics tools we find the RStudio platform, 

which is a functional integrated development environment (IDE) available for the R. R is 

an open source language used to deal with statistical computing and graphics. It is a free 

software available for most common operating systems (Window, Linux, MacOS) and it 

is organized in packages divided by the different usage and area of interested. This software 

allows us to explain and visualize the data through graphic representations such as, 

diagrams, plots, heatmaps, in a clear and understandable manner.   

Figura  SEQ Figura \* ARABIC 1 Bionformatics workflow 
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Figure 2. The RStudio platform 

 

R system is available from the Comprehensive R Archive Network https://cran.r-

project.org/ 

Bioconductor 

Bioconductor is a collection of R packages for the analysis and comprehension of 

high throughput genomic data. It contains packages for expression and other microarrays, 

sequence analysis, imaging, and other domains. The Bioconductor web site is at 

https://www.bioconductor.org/ and provides installation, package repository, help, and 

other documentation. 

Bioconductor is well suited to handle extensive data and to perform specific data 

analysis including: sequence analysis such as the alignment of biological sequences to 

reference sequence to identify similar regions that may have functional or structural 

relationships (Biostrings package); genomic annotation used to identify functional 

elements within a genome sequence, such as genes, regulatory elements and to detect 

different types of variants, such as singular nucleotide variants, indels, copy number 

alterations and structural variants  (VariantAnnotation, GenomicFeatures, biomaRt, 

BSgenome packages); gene expression analysis uses RNA data to detect which genes are 

expressed in a sample and which are not, to estimate transcripts amount to identify 

differentially expressed genes among different groups (Limma, edgeR, Glimma, DESeq2 

and GSEA packages). 

Gene Set Enrichment Analysis (GSEA) 

GSEA is another computational method used for analyzing and interpreting genomic 

expression data. It helps to determine whether a defined set of genes shows statistically 
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significant differences between two biological states, such as disease and control 

conditions, or between different phenotypes. 

 

Example of application 

Follows an example of its possible application on the Lung Squamous Cell 

Carcinoma expression data downloaded from the cBio Cancer Genomics Portal using the 

cbioportalR and cgdsr packages of Bioconductor.  

The research question was to find if there is a correlation between the copy number 

alterations of the Rictor gene and different curated gene sets from online pathway 

databases. After an initial data collection and preprocessing, the samples were divided into 

two groups:  

1. 51 samples with Rictor high level amplification (>4 copies) and  

2. 103 samples with 2 copies of Rictor, for a total of 154 samples.  

For each sample, we downloaded the mRNA expression data, RSEM (Batch 

normalized from Illumina HiSeq_RNASeqV2). 

 

Figure 3. Data collection about the samples 

 

Figure 4. Description of data variables 

Next step was to perform gene set enrichment analysis using the GSEABase and 

GSVA packages, highly used in the interpretation of gene expression data. It offers tools 

for handling gene sets and creating custom gene set collections. In our case, a collection of 
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annotated gene sets from the The Molecular Signatures Database (MSigDB) was used to 

identify the pathways associated with specific gene expression profiles. 

Gsva function calculates enrichment scores for the defined gene sets. The obtained 

matrix provides the enrichment scores, in terms of zscore, for each input gene set or 

pathway in each sample.  

The final step was to create a linear model using limma package that describes the 

relationship between different gene expression levels and our groups of interest. We also 

computed empirical Bayes moderation for a better estimation of the statistical parameters 

and differential gene expression. Then we extracted the most significantly differentially 

expressed gene sets by applying the statistical correction Benjamini & Hochberg (BH) and 

setting a pvalue cutoff equal to 0.05. 

 

Figure 5. Linear model using limma package  

 

The gene set enrichment analysis was performed using seven gene set collections 

from MSigDB (hallmark, C2, C4, C5, C6, C7, C8), but only “C2” gene set collection 

showed statistically significant results. "C2" category includes curated gene sets from 

online pathway databases, publications in PubMed, and knowledge of domain experts. The 

PETRETTO_LEFT_VENTRICLE_MASS_QTL_CIS_DN gene set was excluded since it 

was not relevant to the aim of the study nor compatible with the cellular nature of our case 

study. 

Figure 6 shows a graphical representation of the gene expression profile among the 

two groups. Functions from the ComplexHeatmap package were used to create an 

informative heatmap for visualizing the expression profile for each pathway in every 

sample. The heatmap reports zscore values for every pathway in each sample. To highlight 

the enrichment difference among the two groups for a single pathway, we grouped the 

samples according to their genomic characterization.  

This highlights that, although there is a statistically significant enrichment difference 

for each geneset, there is heterogeneity within each group. In fact, not all samples from the 

same group showed a comparable enrichment score between them. Furthermore, 
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comparing the enrichment scores of the different genesets within the same group it is 

evident that these are not correlated with each other. For example, not all samples that 

showed positivity for the NIKOLSKY_BREAST_CANCER_5P15_AMPLICON geneset 

had a positive enrichment score for the PHONG_TNF_TARGETS_DN geneset. 

 

Figure 6. Heatmap visualization of differential expression profiles 

 

Conclusion and Future Prospects 

Bioinformatics is an ever-changing field that combines biology, computer science, 

and information engineering. Bioinformatics experts are required in all sectors of 

biomedical organizations, biotechnology, pharmaceutical, hospital, research institutions, 

and industry. For example, with the use of genomic data, researchers can identify specific 

genetic variations that influence an individual's response to particular treatments. This 

could lead to the development of more tailored therapies and improved patient outcomes. 

Moreover, bioinformatics is essential in designing and optimizing biological systems for 

various applications, including the prediction of protein structures, drug discovery 

processes and the production of novel biomaterials. 
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