A glance at software tools for
Logical modelling

Aurélien Naldi BC2: Logical modeling tutorial
June 09, 2015



Logical modeling

* Nodes: genes, proteins...
Activity level (Boolean, MV)

* Edges: interactions
@ Threshold for MV source
(o) —

* Logical rules
next(G3) = G2 and not G3



Discrete modeling methods
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Discrete modeling methods
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Discrete modeling methods
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Discrete modeling methods
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State Transition Graph
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Updating method
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Some tools

 GINsIm
- Model definition, simulation and analysis

e SQUAD & boolsim

— Attractor identification and “continuous” dynamics

* Cell Net Analyzer
- Flux analysis for signaling models

* CellNOpt (Cell Net Optimizer)
- Refine model based on expression data

* The Cell Collective (ChemChains)
- Variable inputs




Software Tools

Tool
BooleanNet
BoolNet

The Cell Collective

CellNetAnalyzer
CellINOpt

MaBoSS

M/B Updating

< W Z 0 W0 W W

A/Sync, stoch
A/Sync
Sync

A/Sync
Stochastic

Special touch

PLDE, Stable motifs

RBN generation

Find attractors, ODE

Shared online models, varying inputs
Structural Analysis

Model training

Stable states, reduction

Markov process




The Cell Collective

Y,

| The Cell Collective

hypotheses
via computer
simulations/

analyses

The Cell Collactive
larga-scale dynamical
moadels

T Helikar et al. Clinical Pharmacology & Therapeutics (2013)

| knowledge base “ * *
2

Generate new

Laboratory scientists
working in different
areas of the cell,

Knowledge about
local biochemical
interactions.

T Knowledge integration

| using Bio-Logic Builder

Local knowledge
integrated into a
large-scale, computational
representation

of a given biological
process,



CelINOpt
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C Terfve et al. BMC Syst. Biol. (2012)
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Hyperarcs (normalised functions)
Continous view (synchronous with speeds)

A Di Cara et al. BMC Bioinformatics (2007)



GINsIm

GINsim — phageLambda4 [/home/aurelien/lambda.zginmi]
File Edit View Graph Tools Help
LS VL PR~

|C1:2 [2,max] ; negative
:|Cro:3 [3,max] ; negative

Active Interactions
(basal value)
Cron3

Selenn

|Parameter5 |v|

Logical parameters or functions
State transition graphs: (a)synchronous, with priorities
A Naldi et al. Bio Systems (2009)



Improving interoperability

 CoLoMoTo discussion group

 Need an exchange format
 SBML for qualitative models

e Share some tools



Analyzer A  KEGGtranslator
e Path2Models

[Celllv\IO];)t]< ——>[The Cell Collective]

Y

GNA | JSBML |
A A

[CellNet] [ 1ibSBML ] | \fmport Pathway§\

)
—

ﬂ)ther format“

e Lists of functions:
Y * Boolsim
| [ LogicalModel ]4——> . B.ooleanNet
e Pint
f ’ e Petri nets

| K(INA, APNN, PNML)/
Y etc.

[ GINsim ]

A

(] Tooo @9 Lib D Format C Chaouiya et al. BMC Syst. Biol. (2013)



From multivalued to Boolean

* Some tools support only Boolean models
* Multivalued models getting more common
* “Boleanize” a multivalued model when needed:

* Multiply components
 Rewrite functions
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Logical modeling

* Nodes: genes, proteins...
Activity level (Boolean, MV)

[1//2, \ « Edges: interactions
/'\j Threshold for MV source

 Logical rules
next(G3) = G2 and not G3



Discrete modeling methods
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Discrete modeling methods
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Discrete modeling methods
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Discrete modeling methods
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Discrete modeling methods
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State Transition Graph
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Updating method




Some tools

* GINsim

- Model definition, simulation and analysis

* SQUAD & boolsim
- Attractor identification and “continuous” dynamics

* Cell Net Analyzer
- Flux analysis for signaling models

* CellINOpt (Cell Net Optimizer)
- Refine model based on expression data

* The Cell Collective (ChemChains)
- Variable inputs




Software Tools

Tool
BooleanNet
BoolNet

CellNetAnalyzer
CellNOpt

MaBoSS

The Cell Collective

M/B Updating

W =W WWWw

A/Sync, stoch
A/Sync
Sync

A/Sync
Stochastic

Special touch

PLDE, Stable motifs

RBN generation

Find attractors, ODE

Shared online models, varying inputs
Structural Analysis

Model training

Stable states, reduction

Markov process




The Cell Collective

Laboratory scientists
working in different
areas of the cell,

Knowledge about
The Cell Collective local biochemical

| knowledge base * * interactions.

Genarate new -

hypotheses 2
via computer = Knowledge integration
simulations/ | using Bio-Logic Builder
analyses
g | Local knowledge
J | integrated into a
The Cell Collective 1 large-scale, computational
large-scale dynamical 4 | 5 representation
models of a given biological
‘ process,
|

T Helikar et al. Clinical Pharmacology & Therapeutics (2013)



CelINOpt

D ligand
[ inhibition
[ readout

w fast active

== slow active

m—— not active

Raf-1 | ERK |GSK-3| Stim | Inh

e

C Terfve et al. BMC Syst. Biol. (2012)
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GINsIm

File Edit

Graph Tools Help

GINsim - phageLambda4 [/home/aurelien/lambda,zginmil]

]

Modelling Attributes | Style |

Logical parameters or functions
State transition graphs: (a)synchronous, with priorities

(] o | walue | Active Interactions : Cl:2 [2,max] ; negative
Name | 3 {basal value) D Cro:3[3,max]; negative
Input  [] 2 Cro:3

[ sH Dl:‘
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A Naldi et al

. Bio Systems (2009)



Improving interoperability

(1)
- Cale
« CoLoMoTo discussion group \ 3

* Need an exchange format
« SBML for qualitative models

 Share some tools



CellNet
Analyzer ) ™

Import Pathway:
+ KEGGtranslator
e Path2Models

The Cell Collective

CelINOpt }4

GNA

Other formats

* Lists of functions:
+ Boolsim

 Pint

Petri nets

(INA, APNN, PNML)
etc.

() Tooo @@ Lb O Format C Chaouiya et al. BMC Syst. Biol. (2013)



From multivalued to Boolean

« Some tools support only Boolean models
« Multivalued models getting more common

» “Boleanize” a multivalued model when needed:

* Multiply components
* Rewrite functions
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