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BIOLOGICAL BACKGROUND
GENE EXPRESSION: specifies the nature and the properties of 
proteins and functional molecules that the organism is able to 
produce

Create a global picture of cellular function

Gene Expression Profiling

Genetic Regulatory Networks 
(GRN) describe the complex 

interactions that influence gene 
expression



GOAL & REASON

The dynamics of biological systems are not completely known

Identify mathematical models to derive the structure and/or unknown 
parameters from experimental data

Definition of a methodology for the inference of 
genetic networks

Formal Methods (Model Checking)

PRISM



BIOLOGICAL AND IN SILICO 
NETWORKS

In Silico Network: networks obtained by a process of reverse 
engineering which obtains possible expression data from a given 

network.



APPROACH 
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MODEL (2)
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MODEL (3)
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PROPERTIES
Edges of a gene regulatory network
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Edges Properties

•  Activator Edge: given two genes X and Y, whenever X becomes 
high also Y becomes high and does not return low;  

•  Inhibitor Edge: given two genes X and Y, whenever X becomes 
high Y becomes low and does not return high. 



PROPERTIES
Edges of a gene regulatory network
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PROPERTIES (2)

Properties

Overexpression Knockout

Edge Properties

•  Activator Edge: given two genes X and Y, whenever X becomes 
high also Y becomes high and does not return low;  

•  Inhibitor Edge: given two genes X and Y, whenever X becomes 
high Y becomes low and does not return high. 

WEAK



PROPERTIES (3)

• A gene becomes high and then does not return low; 

• A gene is always at the high logic level; 

• The initial state of a gene is at high logic value.
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PROPOSED METHODOLOGY
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PROPOSED METHODOLOGY
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PROPOSED METHODOLOGY
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STEPS OF THE ALGORITHM 

Strong GenesChecks: 1 & 2 & 3 =  
TRUE

Deleting Edges 
with the strong 

gene at the right
1

Deleting Edges with 
Overexpression and 

Knockout greater 
than epsilon

Edge Properties: 
Overexpression & 

Knockout
2

Deleting Edges with 
Strong and Weak 

greater than a 
certain threshold

Edge Properties: 
Strong & Weak3

Select the highest 
grouping of edges 

with maximum 
probability

Final Network4



EXPERIMENTAL RESULTS
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EXPERIMENTAL RESULTS (2) 

TOOL

ARACNE

CLR

TD-Aracne

TSNIF

BANJO

FormalM

State of 
the Art



IN SILICO RESULTS
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CONCLUSION & FUTURE WORK

○ We have introduced a novel Methodology 
○ Model & Properties 
○ Model Checking 
○ Performance Analysis

○ Speed Performance Improvement 
○ Scalability 
○ Other regulatory pattern 

investigation 
○ Integration of our tool into existing 

bioinformatics frameworks


