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One of the major challenges in biomedical research is discovering the genetic basis
of diseases such as Alzheimer’'s disease or schizophrenia. Research in the GISUM
group at the Universty of Mélaga is investigating the use of evolutionary
metaheuristicsfor this purpose.

The pace a which research currently occurs is affecting most fields of science, not lesst
the rapidly developing areas of molecular biology and genomics. The many initigtives
in the life stences that are planed or currently in execution are producing an
unprecedented flood of data As a result, many of the chdlenges in biology ae
increesngly becoming chdlenges in mahemdics and fundamentdly in  computing.
The tak of deding with the large-scde combinatoriad problems aisng in
bioinformatics is undoubtedly one of the greatest chdlenges fadng computer science
researchers, and new techniques and insghts for agorithm design are required.

In molecular biology, the anadysis of gene expresson data represents one of these
chdlenges The difficulty of the problem lies in its computationd complexity and the
sheer amount of data that must be processed. For example, tharks to microarray
technology we can monitor the activity of a whole genome in a sngle experiment. Huge
amounts of data are becoming available thanks to this technique, providing access to a
better picture of the smultaneous interactions of thousands of genes. The chalenge now
is to unrave the complex functional dependencies behind these data, and identify the
linkage between genetic information and its phenotypica correlates.

From an dgorithmic point of view, the data-mining process can be shown in generd
to be hard according to the traditiond P vs. NP scenario. For instance, assume that
genomic daa is avalable from both hedthy individuds and patients affected by a
certain pahology. Finding a minima subset of genes such that the phenotypic datus —
hedthy or ill — can be derived from their combined expresson vaues is a problem for
which no efficdent (polynomid time) agorithm is known. This is jus one example of
the extremely hard tasks to be found in this domain.

In this Stuation, the classca gpproach is to define approximation agorithms. This is
unpractical in many dtuations however, and has been superseded by two cutting-edge
methodologies. In the fird of these, parameterized complexity helps to identify tractable
subclasses of these problems for a certain redigtic range of some structurd parameter of
the problem; the resulting techniques ae cdled fixed-parameter tractable (FPT)
dgaithms. In the second approach, modern heurigic techniques (metaheurigics) are
employed to produce probably (though not yet provably) optima solutions for these
problems. The GISUM group of the Universty of Mdaga (UMA) in Spain is working
on this line of research in close cooperaion with other centres worldwide, in particular
the Newcadle Bioinformatics Initiative (NBI) in Audrdia. This cooperation has yielded
numerous relevant results, and has been substantiated in an onrgoing project funded by
the Audrdian Research Council on the area of genomic data mining with evolutionary
dgorithms (EAS).



We have been able to show that minimum festure-set sdlection problems are
intringcdly hard beyond the NP sense. More precisdy, our results indicate that no FPT
agorithm is possble for this problem, thus emphaszing the prominent role thet
metaheurigics must play in this domain. Furthermore, given that the data are inherently
noisy and prone to measurement errors, robust festure identification methods are
essentid. Our research has provided evidence that the joint use of evolutionary
agorithms with a reduction gpproach inspired by kerndization rules often used in the
desgn of FPT dgorithms can provide good solutions for this problem, eg for
discriminating between different types of lymphoma (see Figure 1).

This methodology has dso been deployed in conjunction with sngle-vadue
decompodtion and integer programming on microaray daa from the brans of
Alzhemer's patients and hedthy patients used as a control. A clear pattern of
differential gene expresson is obtained, which can be regarded as a molecular sgnature
of the disease. The results suggest that a unified gpproach may help to uncover complex
genetic risk factors not currently discovered with a single method.

Our ams ae now to formdize new problems in genomics as combinatorid, nor:
linear, mixed or multi-objective optimization problems and to study their computationa
complexity. Subsequently we plan to identify the best way of addressng and solving
these problems usng EAs and, where judified, hybridize the methods with exact
dgorithms and other types of metaheuridics These techniques will be implemented in a
unified software framework.

New collaborative initiatives are dso underway. The most ambitious of these focuses
on the use of bio-ingpired techniques (subsuming EAs as wdl as atificd immune
sysems, or ant colony optimization) for mining genomic data, and involves inditutions
from Audrdia (NBI), France (Universties of Paris and Lille), the Netherlands (Free
Univerdty Amgerdam), Span (UMA) and the United Kingdom (Universty of Kent).
We invite everyone to view our results and contact us with comments or suggestions for
further collaboration.

Links:
http://www.l cc.uma.es/~ccottap
http://mww.cs.newcastle.edu.au/~nbi/
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Figure 1: (left) Microarray data comprisng expression values of 2984 genes from eght
individuds affected by two types of lymphoma; (middle) a subset of 100 genes found
by an evolutionary agorithm that provide a robust classfier for the disease subclass,
(right) the same subset of genes after gene expresson vaues are renormdized usng the

thresholds provided by the evolutionary agorithm.



