


5.3 Computational Biology and Medicine:
Prediction of Gene-Expression Patterns.

In this biological and medical context, we point out a few relations between gener-
alized semi-infinite optimization and forecasting into an open time-horizon. Here,
we refer to optimized anticipatory systems in the sense indicated in the parts (b) of
Subsections 5.1 and 5.2, and we give some closer explanations.

DNA-chip or microarray experiments offer the possibility to observe several thou-
sands of expressed genes within a cell simultaneously. This can even be the whole
genome of an organism. It is therefore a very convenient technique, e.g., to examine
the differences in concentrations of gene products, i.e., messenger RNA, between
treated and non-treated cells or between different states during development of a
cell, which can be detected by several measurements at different time-points. This
is especially interesting if we ask for the reaction of a cell when treated with a cer-
tain medicine. In the first step of such a chip-experiment the concerning genes are
labelled with fluorescent markers. Then they are verified via hybridization with spe-
cific probes called oligonucleotides, which are localized on the chip in a matrix-like
scheme. A laser scanner reads out the light signal. In order to compare between
different genomes one can label them with different markers, so that they can be
detected via various colours. It is even possible to get a quantitative result if you
distinguish between different nuances of the intensity of the genes’ signals, which can
be encoded with different integers. Our aim is to model the development of a cell’s
expression states over time and to make a prediction. Therefore, we canonically
represent the matrices of integers which we get from time-series data by column
(expression-) vectors E(t). We represent this process with a system of ordinary
differential equations E = M(E)E and find the matrix-valued function M(E) by
means of Gaussian or least-squares approzimation based on the finitely many DNA-
chip measurements [18][19]. This approximation means nonlinear optimization; as
there are only finitely many data given, we also call it discrete approzimation or data
fitting. To be more precise, we ask for the least sum of squares of differences (errors)
between difference-like quotients, based on the measurements, and the correspond-
ing values of M(E)E. We use a parametrical ansatz for M(FE), whose selection
bases on the biologists’ experiences and expectations in view of the future, e.g., poly-
nomial, piecewise polynomial (spline), exponential or periodic (e.g., trigonometric)
developments. Especially, Hill-curves are often used. The hypothesis for using that
kind of function to model the functional dependence of E; on E; is simply that
the concentration of the product of the regulating gene must first reach a certain
threshold value before it has a meaningful effect on the gene it regulates. By this
ansatz and the least-squares approximation we approach the open time-horizon.

We may first refer to the deterministic optimization and control model. (This
can later be extended by switching into a stochastic framework, where we take into
account normally distributed and uncorrelated DNA-chip data errors and where we
may extract the model parameters according to maximum-likelihood estimation.)
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science, technology and economy by means of modern optimization theory. As a re-
cent and more and more important application field, we mention modern life sciences
which encompass research and education about biosystems and human sciences from
micro and macro perspectives under criteria like learning and improvement of the
quality of live.
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