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ABSTRACT

Bioinformatics is a modern field of research that encompasses the use of computa-
tional techniques for analyzing biological data. Bioinformatics is directly connected
to the central dogma of molecular biology, such as the analysis of DNA, RNA, and
proteins. The first studies date back to the 1960s when standards were defined for
the representation of proteins in files. However, it gained popularity in the early
2000s with the publication of the draft human genome. Nowadays, bioinformatics
has stood out as an interdisciplinary science that uses growing computational power
to help obtain new scientific discoveries. In this chapter, you will learn a little more
about the fundamentals of bioinformatics.
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1. WHAT IS BIOINFORMATICS

Bioinformatics is a discipline that transcends the boundaries of traditional
academic disciplines, integrating and mobilizing knowledge from various areas
associated with life science and computational technologies, thus demonstrating its
transdisciplinarity. Moreover, bioinformatics is an interdisciplinary field mediated
by biology, computer science, mathematics, and statistics. The main objectives of
bioinformatics include storage and organization of biological metadata, analysis
of genetic and protein sequences, genomic comparison and evolution (complete or
incomplete in the form of drafts), gene expression and proteomics (microarrays,
RNA sequencing, or molecule interactions), and also biological systems modeling
(development of models and algorithms, virtual screening, or artificial intelligence).

2. A BRIEF HISTORY OF BIOINFORMATICS

As the processing power of computers increased after the Second World War,
their use began to be considered for solving biological problems. In the 1960s,
several experimental techniques were used to obtain collections of amino acid
sequences. At that time, scientists were using computational methods without the
need for supercomputers or computer networks to understand protein sequences.
This led to a set of interesting problems that were impossible to solve without the
processing power of computers (Hagen, 2000). This is partly responsible for giving
rise to a fundamental area of research in biology and how information is processed
in living systems, such as evolutionary biology and how genes are transmitted
(Gauthier et al., 2019).

Margaret Dayhoff, Richard Eck, and Robert Ledley were pivotal figures in
bioinformatics' early development, with Dayhoff's contributions being particu-
larly notable. She is often credited as a pioneer in developing the first amino-acid
substitution matrix and other foundational bioinformatics tools. Margaret Dayhoff
became known as the mother of Bioinformatics. In the mid-1960s, she published
the “Atlas of Protein Sequence and Structure”, a collection of protein sequences
known at the time, which received several updates in the following years (Dayhoff,
1972). When representing protein sequences and other polypeptide molecules, each
amino acid residue was represented by a letter. For example, alanine is represented
by the letter “A,” and tryptophan is represented by the letter “W”. The representation
of a single letter facilitates comparison between different sequences (alignment).
Furthermore, based on analyzing several amino acid sequences, Dayhoff and col-
leagues proposed the PAM (Point Accepted Mutation) substitution matrix, which
estimated the possibility of mutations accepted by natural selection (Sasidharan;
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