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ABSTRACT

The logical formalism is well adapted to model large cellular networks, in particular when detailed kinetic
data are scarce. This tutorial focuses on this well-established qualitative framework. Relying on GINsim
(release 3.0), a software implementing this formalism, we guide the reader step by step towards the
definition, the analysis and the simulation of a four-node model of the mammalian p53-Mdm2 network.
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1 INTRODUCTION

The logical formalism is becoming increasingly popular to model cellular networks (Naldi et al., 2015;
Abou-Jaoudé et al., 2016). Here, we focus on the framework developed by René Thomas and colleagues,
which includes the use of multilevel variables when functionally justified, along with sophisticated logical
rules or parameters (Thomas, 1991; Thomas et al., 1995).

This approach has been applied to the study of a wide range of networks controlling, for example,
the lysis-lysogeny decision of the bacteriophage � (Thieffry and Thomas, 1995), the specification of
flower organs in arabidopsis (Mendoza et al., 1999; Azpeitia et al., 2014), the segmentation of drosophila
embryo (Sánchez and Thieffry, 2001, 2003; Sánchez et al., 2008; Mbodj et al., 2016), the specification of
compartments in drosophila imaginal disks (González et al., 2006, 2008), drosophila egg shell patterning
(Fauré et al., 2014), the control of cell cycle in yeast and mammals (Fauré et al., 2006, 2009; Traynard
et al., 2016), the specification of immune cells from common progenitors (Mendoza and Méndez, 2015;
Collombet et al., 2017), the differentiation of T-helper lymphocytes (Naldi et al., 2010; Abou-Jaoudé et al.,
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Launching GINsim
! Open the tutorial file  

! Make a folder to place all tutorial material 

! Download GINsim-3.0.0b from http://ginsim.org  
(JAR file, including dependencies)  
from http://ginsim.org and put it in your [GINsim_Tuto] folder 

! Double click on the jar file to launch GINsim  
Or on the command line: java -jar path_to_GINsim  
Add “-Xmx4G” before the path to increase Java memory for large models 

! Follow the instructions from the tutorial 

! Try to encode the model yourself and listen to the tricks!  
(it is a bit tricky the first time…) 

! Save your model regularly

http://ginsim.org


Loading GINsim 3.0 - http://ginsim.org

http://ginsim.org
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Components Target levels Boolean rules

p53 2 !Mdm2nuc

Mdm2cyt 2 p53:2

1 !p53:2

Mdm2nuc 1 Mdm2cyt:2  
| (Mdm2cyt:1 & !p53  

& !DNAdam)

DNAdam 1 DNAdam & !p53:2

!, | and & stand for the Boolean operators  
NOT, OR and AND, respectively. 
Default: other conditions leads each component => 0
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Full synchronous simulation: STG

Stable (resting) state 
with only Mdm2 (cyt/nuc) ON Terminal cycles

[p53,Mdm2cyt, Mdm2nuc, DNAdam]

[Manuel layout rearrangement]



Full asynchronous simulation:  
state transition graph (STG)

[p53,Mdm2cyt, Mdm2nuc, DNAdam]

Stable (resting) state 
with only Mdm2 (cyt/nuc) ON

[Automatic layout rearrangement]



Compression of asynchronous simulation:  
graph of strongly connected components (SCC)
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Compression of asynchronous simulation:  
Hierarchical transition graph (HTG)

The HTG is generated with a modified 
version of Tarjan's algorithm 
(Bérenguier et al., 2013).

[Manuel layout rearrangement]



Compression of asynchronous simulation:  
SCCG vs HTG

SCCG HTG

Figure 8: Hierarchical transition graph. The hierarchical transition graph
for the complete asynchronous dynamics of the p53-Mdm2 model is shown.
It has been obtained by selecting the construction of Hierarchical Transition
Graph in the corresponding scrolling menu when launching the simulation. The
layout has been slightly manually improved. The green node at the top has
been selected and contains 9 states shown in the bottom panel. They can each
lead to the cyclic component ct#9 or to a set of 10 transient states denoted by
i#10. The blue nodes correspond to the two non trivial strongly components,
and the unique stable state is shown in red at the bottom, as in Figure 7.
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Figure 7: Strongly connected component graph. The graph of strongly
connected components for the complete asynchronous dynamics of the p53-
Mdm2 model is shown. It has been obtained by selecting the construction
of Strongly Connected Component Graph in the corresponding scrolling menu
when launching the simulation. The layout ha!s been manually improved. The
three states shown at the top (in green) have only outgoing arcs (i- means that
the corresponding states irreversibly traversed). The blue nodes correspond to
non trivial strongly components (ct stands for cyclic transient component; the
number 9 or 6 following the # denotes the number of states from the STG
grouped in the corresponding SCC). These two SCC do not correspond to at-
tractors as one can escape them following one of the outdoing arcs. The SCC
ct#6 is selected and its composition is shown in the bottom panel. The ⇤ denotes
all possible values for the corresponding components (here two for Mdm2nuc: 0
and 1). This SCC thus contains six states, all with DNAdam OFF. The unique
attractor (a stable state) is shown in red at the bottom (ss- stands for stable
state), which corresponds to the same resting stable state as shown in Figure 5.
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Logical Model Repository

 http://ginsim.org/models_repository


