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The new microarray technology for assaying the ex-
pression of thousands of genes simultaneously is pro-
viding substantial data on mRNA expression levels in
a variety of species under a plethora of cellular con-
ditions(Marshall 1999). As the amount of experimen-
tal data increases, searching for biologically meaning-
ful genetic networks in microarray data could assist in
the understanding of the molecular mechanisms of gene
expression. However, it is di�cult to extract genetic
network information from microarray data due to dis-
crepancies between real biological systems and ideal-
ized mathematical systems. Although many hopeful
models(Erb & Michaels 1999; D'Haeseleer et al. 1999;
Chen, Filkov, & Skiena 1999) have been proposed, these
models either have not described biological systems well
in terms of experimental reality or are lacking in the
evaluation of known biological systems. Biological sys-
tems contain noisy and unstable outputs because of
a number of inevitable and variable experimental pro-
cesses such as temperature, time, bu�er conditions and
the uncertain nature of molecules.

Here we attempt to extract the maximum informa-
tion on genetic interactions from microarray experi-
ments and evaluate the resulting networks by compar-
ison to known gene regulatory events. We introduce a
probabilistic approach to �nd realistic biological regu-
latory circuits that represent Boolean networks(Kau�-
man 1993; Akutsu, Miyano, & Kuhara 1999) from gene
expression patterns. In this approach, stable logic cir-
cuits between master and slave genes are searched and
ranked by the probability based on a binomial distribu-
tion model. All permutations of logic circuits between
genes are generated. Input and output frequencies are
used to calculate the probability of the stability of each
circuit. The logic circuit that gives the best probability
is taken as the candidate regulation between the genes.
We then assemble logic circuits between input and out-
put genes to construct a global network.

Among recently sequenced organisms, the yeast Sac-
charomyces cerevisiae is one of the best eukaryotic
model systems because of its small genome size(�6000
genes) and the abundance of experimental data. To
make use of published microarray data, we made an ex-
perimental database called GExDB-Yeast, containing

121 experimental values(included are 103 time-course
dependent values for each yeast gene). In order to iden-
tify signi�cant gene expression or repression, we use a
three state model of normalized microarray data, repre-
sented by \activation", \repression", and \no change".
We reduce the number of genes by excluding these genes
which do not show expression or repression above a cut-
o� level. Furthermore, we obtained information on the
acceptable time lags between the expression of mas-
ter and slave genes by prior analysis of known regu-
lation events. By using a window-search type of vari-
able time lags of expression, we have applied the prob-
abilistic method to the yeast cell-cycle and glucose-
response system data which follow time-course expres-
sion. Statistical evaluation shows that the reproducibil-
ity of known regulatory networks is more signi�cant
than randomly drawn networks with a probability range
of 10�2 � 10�10, depending on the parameters. We re-
port that this type of probabilistic method is suitable
for deciphering genetic networks from noisy experimen-
tal data.
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