
Lecture 13. Bioinformatics. 

 

Learning outcomes: 

1. Explain the terms “bioinformatics”, “computational biology” and “system biology”. 

2. Analyze the bioinformatical methods used in different “Omics” technologies, give the specific 

examples.  

3. Explain the differences between structural, functional and evolutional bioinformatics. 

4. Give and describe the examples of bioinformatical computer programs used for different tasks. 

5. Classify and describe the main bioinformatical databases, give the specific examples. 

 

Bioinformatics is an interdisciplinary field that develops methods and software tools for 

understanding biological data, in particular when the data sets are large and complex. As an 

interdisciplinary field of science, bioinformatics combines biology, computer science, 

information engineering, mathematics and statistics to analyze and interpret the biological data. 

Bioinformatics has been used for in silico analyses of biological queries using mathematical and 

statistical techniques. 

Bioinformatics includes biological studies that use computer programming as part of their 

methodology, as well as a specific analysis "pipelines" that are repeatedly used, particularly in 

the field of genomics. Common uses of bioinformatics include the identification of candidate 

genes and single nucleotide polymorphisms (SNPs). Often, such identification is made with the 

aim of better understanding the genetic basis of disease, unique adaptations, desirable properties 

(esp. in agricultural species), or differences between populations. In a less formal way, 

bioinformatics also tries to understand the organizational principles within nucleic acid and 

protein sequences, called proteomics. 

Systems biology is the computational and mathematical analysis and modeling of complex 

biological systems. It is a biology-based interdisciplinary field of study that focuses on complex 

interactions within biological systems, using a holistic approach (holism instead of the more 

traditional reductionism) to biological research. 

Particularly from year 2000 onwards, the concept has been used widely in biology in a variety of 

contexts. The Human Genome Project is an example of applied systems thinking in biology 

which has led to new, collaborative ways of working on problems in the biological field of 

genetics. One of the aims of systems biology is to model and discover emergent properties, 

properties of cells, tissues and organisms functioning as a system whose theoretical description is 

only possible using techniques of systems biology. These typically involve metabolic networks 

or cell signaling networks. 

Computational biology involves the development and application of data-analytical and 

theoretical methods, mathematical modelling and computational simulation techniques to the 

study of biological, ecological, behavioural, and social systems. The field is broadly defined and 

includes foundations in biology, applied mathematics, statistics, biochemistry, chemistry, 

biophysics, molecular biology, genetics, genomics, computer science, and evolution. 

Computational biology is different from biological computing, which is a subfield of computer 

engineering using bioengineering and biology to build computers. 

The primary goal of bioinformatics is to increase the understanding of biological processes. 

What sets it apart from other approaches, however, is its focus on developing and applying 

computationally intensive techniques to achieve this goal. Examples include: pattern 

recognition, data mining, machine learning algorithms, and visualization. Major research 

efforts in the field include sequence alignment, gene finding, genome assembly, drug design, 

drug discovery, protein structure alignment, protein structure prediction, prediction of 

gene expression and protein–protein interactions, genome-wide association studies, the 

modeling of evolution and cell division/mitosis. 

Structural bioinformatics is the branch of bioinformatics that is related to the analysis and 

prediction of the three-dimensional structure of biological macromolecules such as proteins, 



RNA, and DNA. It deals with generalizations about macromolecular 3D structures such as 

comparisons of overall folds and local motifs, principles of molecular folding, evolution, binding 

interactions, and structure/function relationships, working both from experimentally solved 

structures and from computational models. The term structural has the same meaning as in 

structural biology, and structural bioinformatics can be seen as a part of computational structural 

biology. The main objective of structural bioinformatics is the creation of new methods of 

analysing and manipulating biological macromolecular data in order to solve problems in 

biology and generate new knowledge. 

Evolutionary biology is the study of the origin and descent of species, as well as their change 

over time. Informatics has assisted evolutionary biologists by enabling researchers to: 

 trace the evolution of a large number of organisms by measuring changes in their DNA, 

rather than through physical taxonomy or physiological observations alone, 

 compare entire genomes, which permits the study of more complex evolutionary events, 

such as gene duplication, horizontal gene transfer, and the prediction of factors important 

in bacterial speciation, 

 build complex computational population genetics models to predict the outcome of the 

system over time, 

 track and share information on an increasingly large number of species and organisms. 

Future work endeavours to reconstruct the now more complex tree of life. 

The area of research within computer science that uses genetic algorithms is sometimes confused 

with computational evolutionary biology, but the two areas are not necessarily related. 

With the advent of next-generation sequencing we are obtaining enough sequence data to map 

the genes of complex diseases infertility, breast cancer or Alzheimer's disease. Genome-wide 

association studies are a useful approach to pinpoint the mutations responsible for such complex 

diseases. Through these studies, thousands of DNA variants have been identified that are 

associated with similar diseases and traits. Furthermore, the possibility for genes to be used at 

prognosis, diagnosis or treatment is one of the most essential applications. Many studies are 

discussing both the promising ways to choose the genes to be used and the problems and pitfalls 

of using genes to predict disease presence or prognosis. 

 

The questions for self - control: 

1. What are the “bioinformatics”, “computational biology” and “system biology”? 

2. Structural, functional and evolutional bioinformatics. 

3. Methods, computer programs and databases of bioinformatics. 
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