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Abstract

Recently we observe a great breakthrough in biology connected with the studies on genomes. These achievements
would be impossible without an input from other sciences, combinatorial optimization being one of them. This study is
devoted to a presentation of the most important (to our opinion) area of the computational biology, mostly connected
with DNA studies, where combinatorial optimization impact was clearly visible. They include: sequencing DNA chains,
assembling them, genome mapping and sequence comparison.
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1. Introduction

In recent years several spectacular events con-
nected with genome studies have occurred, reading
the human genome being one of them. Biological
sciences got a great impact on many aspects of the
everyday life. Since a discovery by Watson and
Crick their double helix model of a DNA chain
[40], biology has made a great progress in under-
standing foundations of life. The progress would
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have not been possible, however, without a help
from other areas of science. Here, let us mention
physics, chemistry and last but not least comput-
ing sciences. We will concentrate on the impact on
biology of the latter science, especially its part
connected with operational research and combina-
torial optimization. Since ties between biology and
combinatorial optimization may be found in very
many fields of biology, we will concentrate on the
most important (to our opinion) examples of the
application of combinatorial optimization meth-
odology in modeling and solving problems aris-
ing in the context of the computational biology.
They include: sequencing DNA chains, assembling
them, genome mapping and sequence comparison.
The aim of the paper was to present these prob-
lems in a way that is interesting to those working
in the field, as well as non-specialists which may
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become interested by the new exciting applications
of operational research. Thus, an up to date review
of research in the field is complemented by many
examples allowing one for a better understanding
of the concepts introduced. An interested reader is
referred also to the recent monographs, which
describe the above and other problems in a greater
detail: [18,20,30,33,39].

The organization of the paper is as follows.
Section 2 contains a biological primer. Section 3
discusses the DNA sequencing problem, while
Section 4 presents the assembling one. Genome
mapping and sequence comparison are considered,
respectively, in Sections 5 and 6.

2. Biological primer

Biology is a science that provides an under-
standing of the nature of all living things at dif-
ferent levels — from molecules to cells, individuals
and populations. It is accepted that all living
organisms are composed either of a single cell or a
collection of them. At this stage of development a
primary interest of biology lies in molecules and
cells, thus, we have molecular biology. With the
aid of computing science models and tools (com-
binatorial optimization being one of its main
components) it creates so called computational
molecular biology.

One of the main objects of the study of com-
putational biology are DNA chains, coding genetic
information of living organisms. DNA is a string
composed of letters (nucleotides) being members of
the alphabet {A, C, G, T}. Short single-stranded
DNA molecules are called oligonucleotides. The
entire DNA of the organism is called its genome
and its length may reach billions of nucleotides (or
base pairs). The same genome is contained in each
cell of a given living organism (e.g. human beings
have trillions of cells). DNA appears in a form of
a double helix, i.e. a double strand, where A in
one chain can be bound to T only, and C to G,
respectively. This fundamental law of a DNA
construction was discovered by Watson and Crick
[40]. Knowing, thus, one strand of a DNA helix,
the second (complementary) can be easily recon-
structed. What is more, this property of a single

strand (trying to bind to a complementary strand)
called a hybridization, may be used in laboratories
in many processes leading e.g. to a reconstruction
of an unknown chain.

The genetic information contained in DNA is
then used, as stated by the Central Dogma of
Molecular Biology, to produce RNA and ulti-
mately proteins. The latter are the main construc-
tion material of living organisms, deciding of their
functioning as well.

In the following, we will concentrate on DNA
analysis and reconstruction, since these processes
require a considerable input from the combinato-
rial optimization side. We will consider combina-
torial problems connected with DNA reading,
sequence comparison and phylogenetic analysis.

Reading sequences of genomic DNA is usually
a starting point for further molecular biology re-
search. But reading DNA sequences itself is not a
trivial task and may involve some sophisticated
procedures. It follows from the fact that it is not
possible to read a sequence of nucleotides directly,
e.g. using a microscope. Hence, some indirect
methods have to be used. The process of reading
the sequence of a genome is usually divided into
three stages: mapping, assembling and sequencing.

The process of reading a long piece of DNA
usually starts with cutting it into smaller pieces of
size about 100000-1 000000 nucleotides. (Let us
note that biological experiments take effects usu-
ally on millions of copies of given types of mole-
cules.) During the cutting process the information
about the order of these pieces is lost. But, as one
can guess, it is necessary to recover this informa-
tion and this is done by mapping procedures.
When mapped, the fragment is picked up and cut
into much smaller parts of length about 40000
nucleotides. Again, mapping is necessary to re-
cover the order of the pieces obtained by the sec-
ond-level cutting [20].

Since sequencing methods allow determining
sequences of lengths not greater than 1000 nucle-
otides, fragments of lengths about 40000 base
pairs cannot be directly sequenced. So, it is nec-
essary to break them into pieces of appropriate
lengths. This is done randomly. At this stage one
gets DNA fragments suitable for sequencing. After
sequencing the short fragments are tried to be
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