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Riassunto: La scelta del disegno sperimentale per la costruzione di sistemi previsivi in
ambito biochimico richiede spesso la selezione di fattori in insiemi ad alta dimensionalita.
In questo lavoro si affronta il tema dell’identificazione dei fattori e delle loro interazioni
adottando 1’approccio delle reti bayesiane, che descrivono la struttura probabilistica fra i
fattori, con la rappresentazione delle relazioni di dipendenza e indipendenza condizionata.
I risultati evidenziano il ruolo dominate di una variabile sia nell’effetto principale, sia
nelle interazioni con un sottogruppo dell’insieme iniziale dei fattori.
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In designing experiments we frequently encounter the problem of choosing a set of factors
and their interactions to achieve a particular functionality for the system and formulate
accurate predictions for unknown combinatorial compositions. Biochemical experiments
are generally characterized by a large number of factors with a little prior knowledge on
the factorial effects. Conventional fractional factorial experiments handle with difficulties
the problem of the high dimensional search space, and factors are frequently canceled
in the design without a deep understanding of their effects. For the same reason main
effects analysis are only conducted ignoring the joint action of the factors, with the con-
sequence of deriving unreliable predictive models. In this study we tackle the problem of
identifying main effects and interactions among factors by adopting a class of probabilis-
tic graphical models, namely the class of Bayesian Networks (Jensen, 2001). Bayesian
networks provide a probabilistic description of the conditional dependence relation that
can describe a set of variables proposed to derive an experimental design and a predictive
model. A Bayesian Network, BN for short, specifies a multivariate probability distribu-
tion over a set of random variables through two components:

e the network topology, consisting of a set of nodes, which identify the random vari-
ables (experimental factors), and of arcs, which represent direct dependences be-
tween variables, and are described by direct arrows between nodes. This topology
is generally named directed acyclic graph (DAG);

e the network probability distributions, consisting of a set of conditional probability
distributions which describe the relations of dependence between nodes.
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Figure 1: The Bayesian Network and the
strenght of influence of each arc.
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From the graph we can then learn the probability structure of dependence and condi-
tional independence among the experimental factors. While the presence of an arc in the
graph describes the directed dependence between factors, the lack of an arc represents
their conditional independence. Moreover, in the BNs, the probability description of all
the relations among the factors, is characterized by the Markov Property: identifying
relations of direct dependence between nodes as parent-child, each factor is condition-
ally independent from the set of all its non-descendent nodes given the set of its parent
nodes. We apply this methodology to the factor selection problem in designing biochem-
ical experiments, more specifically we study experiments for the development and the
self-assemblying of amphiphilic molecules. The database which we analyze, consists of
150 different experiments where 16 variables (amphiphilic molecules) are considered as
factor experiments. The response of the experiments is described by a function F which
measure the its success. We refer to Theis et al. (2006) for a detailed description of the
experiments. Learning the BN from the data, we can measure the dependence relations
described by the arcs and by their strength of influences (an Euclidean measure is used
is used to determine the amount of difference between the probability distributions with
and without the arc). We present these results in Fig.1. The analysis shows that the struc-
ture of the learned BN can be divided in subgraphs, and the factors which are part of the
subgraph containing the response variable F represent the most affecting variables on the
F. Through a sensitivity analysis of the resulted BN (Jensen, 2001), we identify the most
relevant variable interactions. We also use an Entropy measure (Entropy reduction in per-
centage calculated as the ratio between the Entropy reductions of the selected node and
the F) to detect the informative power that each factor has on the response function F: X3
19.1%; X15 3.76%; X7 10.8%; X19 0.698%; X1, 0.0703%; X; 0.029%; the remaining
variables has a Entropy reduction about 0%. From these results we can learn that factor
X13 (TRIO) is the most relevant in the set of experimental space: this is indicated both
by the strength of the direct arc with F (0.339) and by the degree of entropy reduction
(19.1 %). The second more informative variable is X15 (VITE) which also has a direct
dependence on F.

References

Jensen E.V. (2001) Bayesian Networks and Decision Graphs. Springer-Verlag.

Theis M., Gazzola G., Forlin M., Poli 1., Hanczyc M., Bedau M. (2006) Optimal Formu-
lation of Complex Chemical Systems with a Genetic Algorithm. ComPlexUs, in press.

— 660 —



