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ABSTRACT

In the modern era of science, bioinformatics play a critical role in unraveling the potential genetic causes
of various diseases. Two of the most important areas of bioinformatics today, sequence analysis and ge-
nome annotation, are essential for the success of identifying the genes responsible for different diseases.
These two emerging areas utilize highly intensive mathematical calculations in order to carry out the
processes. Supercomputers facilitate such calculations in an efficient and time-saving manner generat-
ing high-throughput images. Thus, this chapter thoroughly discusses the applications of supercomputers
in the areas of sequence analysis and genome annotation. This chapter also showcases sophisticated
software and algorithms utilized by the two mentioned areas of bioinformatics.

INTRODUCTION

Bioinformatics is often regarded as a discipline in its infancy. However, this interdisciplinary field had its
historical start in 1960s when computers emerged as a vital tool in molecular biology. With the notable
efforts of Margaret O. Dayhoff, Walter M. Fitch, Russell F. Doolittle among others, this areaemerged as an
approach to managing and interpreting massive data generated by genomic research. Bioinformatics today
represent a convergence of various fields, which involve modeling of biological phenomena, genomics,
biotechnology and information technology, analysis and interpretation of data, and the development of
novel algorithms for analyzing biological datasets. With the advent of the emergence of these large amount
of biological datasets, scientists are often confronted with the issues of analyzing and interpreting these
massive information and datasets in a less amount of time, requiring high accuracy, and cost-saving. In
the last few decades, this has been made possible with the emergence of supercomputers. The wide array
of available supercomputers has made it possible to analyze and interpret biological datasets and systems
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in a more convenient manner. Nowadays, because of supercomputers, groundbreaking bioinformatics
research is made possible. A good example is the discovery of novel genes associated with different
diseases. With the discovery of these genes, scientists have come up to a deeper understanding of the
etiology of various unexplained diseases caused genetically. Consequently, various drugs and treatments
were discovered to counteract such diseases. Within the area of bioinformatics, sequence analysis and
genome annotation are among the two of the emerging and most important branches. In the recent years,
supercomputers play very important roles in the successes of such branches.

The objective of this chapter is to provide the readers a clear understanding of the specific appli-
cations of supercomputers in the two most emerging areas of bioinformatics, sequence analysis and
genome annotation. Though supercomputers play critical roles in such areas, the audience is not often
aware of the potential applications that may arise from them. A universal understanding that constitute
both fundamental and experimental methodologies will enhance the development and progress of such
areas. Thus, the major motivation of this chapter is to provide the abovementioned understanding by
discussing and analyzing the fundamentals of several examples centered on the various applications of
supercomputers in sequence analysis and genome annotation. While the content of this chapter may be
technical to some readers, we encourage them to review some basic concepts of genetics and biochem-
istry as well as to look at the definition of terms to better understand this chapter.

BACKGROUND

Genotype analysis involves studying the association between genotype and phenotype, and the genotype
frequencies. Genetic association studies are aimed primarily in identifying genetic variants that explain
differences in phenotypes among individuals in a study population. Once association is found between
the gene(s) and the phenotype, scientists would be able to understand the mechanism of action and dis-
ease etiology in individuals and consequently characterize the relevance and importance of such in the
general population. The long-term goal of these studies is to identify better treatment and prevention
strategies. Association or any genetic analyses usually require highly intensive mathematical calcula-
tions. Supercomputers play a critical role in the success of such calculations. Prior to genetic association
analyses, any genotype information needs to undergo two critical steps—sequence analysis and genome
annotation. Applications of supercomputers in genotype analyses involve a wide array of applications
and will be discussed in the mentioned areas below.

SUPERCOMPUTERS IN SEQUENCE ANALYSIS

Sequence analysis is the most commonly performed task in bioinformatics. It was one of the first bioin-
formatics techniques founded in ~1970 (Webb-Roberts, 2004). DNA sequencing is simply any process
used to map out the sequence of the nucleotides that comprise a strand of DNA. After the discovery of
the double helix shape of DNA in 1953, and seeing how it is comprised of a series of ladder like units
known as DNA nucleotides, the primary goal has been to find out just how the sequence of those little
nucleotides leads to the physical characteristics of an organism, that is, whether what your hair color, your
skin color, and every other detail from your bone marrow to the tip of your hair. Thus, DNA sequenc-
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