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Abstract

A context-sensitive probabilistic Boolean network (cPBN) has been introduced in order to model biolog-
ical systems. Essentially, a cPBN is a finite collection of Boolean Networks (BNs) with perturbation (each
gene is allowed to randomly change its value at each instant time with a small perturbation probability).
This modeling makes the resulting system behave as an ergodic Markov chain possessing a steady-state
probability distribution. Switching a BN to another one corresponds to switching the wiring diagram
of the network. In this way, taking the perspective that this switch corresponds to a change in context
for the cell, this PBN model is called context-sensitive PBN. Under this model, we can investigate the
cell-cycle process and the regulatory power of canalizing genes.

A complex molecular network is responsible for the cell-cycle process by which a cell grows and divides
into two daughter cells. In order to model and understand the cell-cycle process, a considerable amount
of attention has been paid to the budding yeast cell cycle regulation [1,2,3]. In particular, after an
exhaustive literature investigation, Li et al. [1] modeled the yeast cell-cycle system under the Boolean
network (BN) model and studied its dynamics and structural properties. Zhang et al. [2] extended Li’s
model including in it effects of stochasticity and noise. Trepode et al. [3] introduced a more sophisticated
model called probabilistic genetic network (PGN) which uses negative feedbacks and genes interactions
representations as stochastic processes in order to obtain a strong robustness in the presence of moderate
noise and parameters fluctuations. In this talk, we will present some directions to model the cell cycle
of the budding yeast using cPBNs.

A canalizing gene possesses a broad regulatory power, and its action sweeps across a such a wide swath
of processes, that the full set of affected genes is not highly correlated under normal conditions. A set of
predictor genes is said to be intrinsically multivariate predictive (IMP) for a target gene if all properly
contained subsets of the predictor set are bad predictors of the target but the full predictor set predicts
the target with great accuracy. The IMP concept can be applied to characterize the behavior of the gene
DUSP1, which exhibits control over a central, process-integrating signaling pathway, thereby providing
preliminary evidence that IMP can be used as a criterion for discovery of canalizing genes [4]. In this
talk, we will indicate some directions to model IMP genes using cPBNs.
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