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. Research Overview and Qutcome
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The main purpose of this research is to develop an algorithm for
the automated study of the dynamics of gene networks modeled
as probabilistic Boolean networks (PBN) through the use of
model-checking techniques. MAGNOME team at INRIA,
Bordeaux, has developed a tool for simulation of biological
models that allows a hierarchical and hybrid systems. This tool is
known as BioRica. BioRica is easy to use and accurate. AltaRica,
In turn, Is the formalism used in BioRica for model-checking
systems. As BioRica, AltaRica Is easy to use and accurate, but its
components don’t provide for probabilistic transitions. This
research explored to what extent AltaRica could serve as an
Intermediate step for the model checking of big systems whose
transitions are better described in probabilistic terms.
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A PBN is a G(V, F) where F = (F,, ..., F,), and each one of the

sets F, = {f,0), ..., f,(i))} is a set of Boolean functions representing
the “top” predictors for that target gene. At each point in time or
step of the network, the function f;) is chosen with probability ¢,
to predict gene x; .
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PBN STATE TRANSITION DIAGRAM

* Each variable constitutes a subnode .

* The variable under consideration is a state variable and the
variables on the predictor functions are flow variables.

* Consistency of variables among subnodes is granted by the use
of assertions.

* Each predictor function is defined as a transition with an
assoclated event. Here, the rule describing the transition
(Boolean function) is given.

* The selection of a transition is made by giving a weight to each
event and randomly choosing one of them with the “choice”
external directive.

* All transitions are synchronized by setting the same time
increase on the events with the “law” external directive.

node GeneX2
state  x2:[0,1];

flow X1, X3:[0,1]:in
X2:[0,1].out;

event evl, ev2;

trans  true|-evl -> x2 := not X1,
truel-evl -> x2 := X1 and X3;

extern choice<evl>: 3;
choice<ev2>: 7;
law<ev1l>:1;
law<ev2>:1;

assert X2 =x2;

init x2 :=0;
edon

Code for one node of PBN

« AltaRica is a formalism designed for describing complex
systems of interacting components.[4]

* BioRica is an adaptation for biological systems of AltaRica.

* ARC is an AltaRica toolbox for model-checking of systems
described with AltaRica.

AltaRica graphical simulator

* In spite its straightforward use and effectiveness, AltaRica
model checker cannot be used on PBN. The reason is that it
doesn’t provide for probabilistic transitions to be included as
part of the system.

CONCLEUSIONS

* BioRica is an excellent tool for simulation of small PBNSs.
Big PBNs would require a lot of coding. Its simplicity of use
and accuracy makes it valuable.

« Although AltaRica can’t be used on PBN as a model-checker,
It can be used as a reduction tool. AltaRica main use will be to
determine unreachable states and isolated states and use this
result as a new problem to check with its respective
probabilities.
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BioRica is a platform to describe and simulate multi-models
systems in biology. It addresses the need to compose existing
models hierarchically and to simulate them efficiently.[3]
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Multi-models systems are represented by a hierarchy of nodes.
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init coeff:=0.04;
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Output of PBN simulation

Limitations:

*The tool doesn’t provide for passing parameters as input.

*The “choice” directive works by adding al the parameters on all
the directives and select based on the proportion that each rule
represents of the addition. Different rules or set of rules
corresponding to different variables can’ t be declared together
under the same external directive, as it wouldn’t represent the
variable’s cumulative distribution function.

*Neither formulas nor variables can be passed as parameters to
compute probabilities or set synchronization steps. Only integers
are accepted as parameters.
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o Streamline the use of AltaRica as a reduction tool

 Include probabilistic directives on BioRica
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*Provided the opportunity of working on an environment highly enriched by the diversity on the background and nationality of employees
and students. Working at INRIA may had been hard to get otherwise.
2 «The impressive breath of research topics, and the differences on approaching them, made step higher on my academic life.
-Met people which have become additional and significant nodes on my professional network, and with whom | still work.
Broadened my cultural horizons, which in turn broadens my capacity of approaching and focusing on problems.
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