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de la santé et de la rechershe médicale MINES PARIS



Download a model from BioModels

« https://www.ebi.ac.uk/biomodels-main/BIOMD0000000562

EMBL-EBI Services Research  Training | About us

¥A BioModels Database

4

BioModels Home Models Submit Support About BioModels Contact us

BIOMDO0000000562 - Chaouiya2013 - EGF and TNFalpha mediated signalling pathway

/This model makes use of one SBML L3 package (namely: qual). The infrastructure of BioModels currently provides only limited support for models with SBML Asa A
| some features are not available for these models (for example, this affects the content displayed in the various tabs and the conversion of the model to other formats). |
A\ For more information regarding SBML packages, please refer to the SEML Level 3 packages page @. J
‘ Download SBML | Other formats (auto-generated) | Actions | Send feedback
Model [ Overview | Math | Physicalentites | Parameters | Curation |

Chaouiya C, Bérenguier D, Keating SM, Naldi A, van lersel MP, Rodriguez N, Drager A, Buchel F, Cokelaer T, Kowal B, Wicks B, Gongalves E, Dorier J, Page

M, Monteiro PT, von Kamp A, Xenarios |, de Jong H, Hucka M, Klamt S, Thieffry D, Le Novére N, Saez-Rodriguez J, Helikar T.

SBML qualitative models: a model representation format and infrastructure to foster interactions between qualitative modelling formalisms and tools.
Publication ID: 24321545 BMC Syst Biol 2013; 7: 135

Instituto Gulbenkian de Ciéncia, Rua da Quinta Grande 6, 2780-156 Oeiras, Portugal. chaouiya@igc.gulbenkian.pt. European Molecular Biology Laboratory,

European Bioinformatics Institute (EMBL-EBI), Wellcome Trust Genome Campus, Hinxton CB10 1SD, UK saezrodriguez@ebi.ac.uk; Department of

Biochemistry, University of Nebraska-Lincoln, Lincoln, NE 68588, USA; thelikar2@unl.edu [more!

Original Model: BIOMD0000000562.origin set #1 bgbiol:hasTaxon Taxonomy Homo sapiens
Submitter: Thomas Cokelaer set #2 bqgbiol:hasProperty Mathematical Modelling Ontol MAMO 0000030

Submission ID: MODEL 1411240000 set #3 babiokhasPan Gene OTloloaY |

 Download SBML (L3 V1)
@ Inserm 4
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Open the model

* Open latest version of GINsim

* Import => SBML-Qual

« Choose BIOMDO0000000562.xls

INsim - default_name
GINsim File View Graph Tools

in GINsim

6 0 O GINsim

9> Welcome to GINsim
[ =

Start with ...

| New model Open Import
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« Adapt the layout

Recent files
Chaouiya_et_al.zginml | restriction.zginml |
Ewing_full.zginml | Fey_DUSP1.zginml |
fey_fig8_A.zginml | fey_fig8.zginml |
Fey_2015.zginml | Fey_2015.zginml |
Fey.zginml | Bladder_Model.zginml |

Help
Help | About

(or open Chaouiya_et _al.zginml by selecting File => Open)
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Simulate a model

Select egf and tnfa separately and click on input®

GINsim - Chouiya_et_al [/Users/,

encecalzone/Desktop/TCAC/Chaouiya_et_al.zginml]

GINsim  File View Tools
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Modelling Attributes !
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Parameters

* done for you in Chaouiya_et_al.zginm|



Compute stable state solutions of the wild type

Tools => Compute stable states
Click on Run

e 00
Select a perturbation

31 | Configure
Select a reduction
—_— 4| | Configure || | Strip (pseudo-)outputs
- r~
I < ™
Name m o ~ LN a ~ = -~ a x c X
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File => Export => MaBoSS

Export to MaBoSS

*Choose name of the file “chaouiya_maboss”
*Two files are created:
chaouiya_maboss.bnd

chaouiya_maboss.bnd

Node erk {
logic = (mek);

rate_up = @logic 7?7 $u_erk : 0;
rate_down = @logic ? @ : $d_erk;
}
Node ikk {
logic = (nik);
rate_up = @logic 7 $u_ikk : ©;
rate_down = @logic 7 @ : $d_ikk;

logic = (!akt);

chaouiya_maboss.cfg

chaouiya_maboss.cfg

pi3k.is_internal=1;
p38.1is_internal=1;

rate_up = @logic 7?7 $u_gsk3 : ©;
rate_down = @logic 7

Node nfkb {

= (!ikb);

rate_up = @logic ? $u_nfkb : ©;

rate_down = @logic ? @ : $d_nfkb;

Node askl {

= (traf2);

rate_up = @logic ? $u_askl : ©;
rate_down = @logic ? @ : $d_askl;
R

Definition of the logical rules

use _physrandgen = FALSE;

seed_pseudorandom = 100;
sample_count = 50000;

max_time = 5;
time_tick = 0.01;

thread_count = 4;

statdist_cluster_threshold = 0.9;

Definition of the simulation

parameters



Install MaBoSS

* Install MaBoSS

$ cd MaBoSS-2.0-env/src
$ make install

- gcc: version 4.0.1 or higher

- bison: version 2.3 or higher
- flex: version 2.5.35 or higher

« Set the environement variables for using scripts by command
line:

$ cd MaBoSS-2.0-env/

$ source ./MaBoSS.env
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Create mutant bnd file

* In bnd file, add parameters to simulate mutations:

For KO:
rate_up = $node_ko ? 0.0 : (@logic ? 1 ; 0);
rate_down = $node_ko ? max_rate : (@logic ? 0 ; 1);

For overexpression:
rate_up = $node_up ? max_rate : ? (@logic ? 1 ; 0);
rate_down = $node_up ? 0.0 : (@logic ? 0 ; 1);

« Or you can generate the file automatically.

In a terminal, type:
$ MBSS_MutBnd.pl chaouiya_maboss.bnd "akt erk ras pi3k"

« Verify that the nodes are recognized
Catch node erk

Catch node ras

Catch node pi3k

Catch node akt



Create mutant cfg file

A new bnd files is created:
chaouiya_maboss mut.bnd

« Create the corresponding cfg file
$ MaBoSS -t chaouiya_maboss mut.bnd > chaouiya_maboss_mut.cfg

Or use directly the command:
$ MBSS_MutBndCfg.pl chaouiya_maboss.bnd "akt erk ras pi3k"
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/1
// MaBoSS 1.3.8 configuration template generated at Fri Jan 15 15:04:12
2016

o time_tick = 0.5 => 0.1
(imgiggzt io;f;?uranon variables maX_t|me = 1000 => 60
anple.count - 10000; 4= | sample_count =

discrete_time = 0;

10000 => 50000

// variables to be set in the configuration file or by using the --

config-vars option
$akt_ko = 0;

akt_u ; H "IIIIIIII /ﬂ\ll F)EiIEiIIIEBtEBIES I()'
su.k..—v"p. e'

é; need to be set to 0
0 (default)

o
a.
W
-
e x
S
won

0;
$d map3k1 =0;
$d_map3k7 = 0
$d_mek = 0;

Done for you in folder

// set is_internal attribute value to 1 if node is an internal
node

NQK.AE“JDEQFDQL = 0;
...... rnal = @;
rnal = 0;
= 0;
= 0; .
=, all variables need to be
= 0; i =
et i inceragl = set internal (=1) except
kl.is_int 1=0;
. 1251325527 A _ for the ones you wish to
: o see in the output
= 0;
- o (readout)
= 0;
al = 0; . .
= 0 erk.is_internal=0;
o akt.is_internal=0;
map3k7.1is_internal = 0; ras.is_internal=0;
mkk4 . 1s internal = 0; —_
= 0;
ol
ph is_internal = 0,
pi3k. 15_1nterna1 = 0;
p38.1is_internal = 0;

// if NODE initial state is:
// - equals to 1: NODE.i

// - equals to 0:

// - random: NOD

1:

// - weighted random: [NODE].istate = Po [0], P1 [1]; where PO

and Pl are arithmetic expressions

[mek].istate = 0.5 [@], 0.5 [1];
i 0.5 [0], 0.5 [1];

0.5 [0], 0.5 [1]: initial conditions.

0.5 [0], 0.5 [1];

~ors lof, ors 11 (G
0.5 [@0], 0.5 [1]; —_
6.5 (0], 0.5 (1]; By default = all random

= 0.5 [e], 0.5 [1];
0.5 [e], 0.5 [1];

9.5 [@], 0.5 [1]; .
0:3 (0], 05 (11] Modify such that:
0.5 [@], 0.5 [1]; .
0.5 [o], 0.5 [1l; [tnfa].istate = 1 [0], O [1]
5.3 101, 6.5 1111 [erk].istate = 1 [0], O [1]
a:_r,:[%gjo:s:[ﬁ; [akt].istate = 1 [0], O [1]
it | [raslistate = 1[0) 0 [1
= 0.5 [@], 0.5 [1];
= 0.5 [@], 0.5 [1];
.5 [0], 0.5 [1];
0.5 [0] 0.5 [1];

= 0.5 [e], 0.5 [1];



Simulate the wild type with MaBoSS

« Type in a terminal the command:

$ MBSS_FormatTable.pl chaouiya_maboss_mut.bnd
chaouiya_maboss mut.cfg

* Visualize the results
— For each simulation, a new folder is created
— In this folder, open chaouiya_maboss _mut_fp.csv
— 3 stable states are found with the probabilities associated to each of them

FP |Proba [State mek [erk [nik [ikk |akt [gsk3 |ikb |nfkb |traf2 |askl |sos |ras |egf |egfr |tnfr |e

x |[map3k1 |tnfa [cjun |apl [rafl |map3k7 [mkk4 |mkk7 [jnk [ph |pi3k [p38
#1 | 0.5003[akt - ikb - egf - egfr-ph--pi3k | 0] o] o[ of 1] o 1| o o[ o of of 1 1] of o o] of of of o of of of of 1] 1] <
#2 | 0.37334|gsk3 - ikb - ph o] of of of of 1f 1 of o of of of of of of o of of of of o of of of of 1] of <
#3 | 0.12636|gsk3 - ikb o] of of of of 1] 1] of of of of of of of of 0 o] of of of o of of of of of of <
Stable states for the wild-type S A

s & » » F 5 & « 2 L . g 8 x ¥ L o2 . s x . &

> F ¥ 5 §F & » F x 5 £ % ¥ F F B FE F &8 ¥ 2 #+ 2 8 8 8 F ¢

0 0 ¢ 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0| = 0 0 c 0 0 0

- “+ = - e
[ 1 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 D 0 1 1 0 ( 0 0 0
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- In this folder, open chaouiya_maboss _mut_probtraj_table.csv
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—> plot the sum of the three outputs
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—> verify with the initial article

NB: to compare with publication, compute sum of each component:
[ERK]=sum(erk)=prob[erk]+prob[erk-ras]+prob[erk-akt]+prob[erk-ras-akt]

institutCurie

D Inserm

Institut matiomal
de la santé et de la recharche méd icale

2

" MINES PARIS



Simulate a mutant with MaBoSS

In cfg file, set parameters to simulate ras gain of function mutations:
$ras_ko=0; (not modified)
$ras up=1;
[ras].istate = 0 [0], 1 [1];

Save the cfg file as: ras_oe.cfg

Simulate mutant in MaBoSS:
$ MBSS_FormatTable.pl chaouiya_maboss_mut.bnd ras_oe.cfg

Proba [mek [erk |nik |ikk [akt |gsk3 |ikb [nfkb |traf2 [askl [sos |ras |egf [egfr [tnfr |ex [map3kl |tnfa |cjun |apl |rafl |map3k7 [mkk4 |mkk7 |jnk [ph [pi3k |p38

o
[y
[y

0.5003| 1| 1f of o} 1 of 1f o O Of Of 1 1| 1f O 1 o] 1f 1] 1 o0 o0 1 1

o
[EEN
o

0.4997| 1| 1f of o} o 1f 1f O O] Of Of 1] O] Of O 1 o] 1f 1] 1 o0 o0 1 1
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Three ways to visualize the results

1. Stable states:

FP |Proba |mek |erk |nik [ikk |akt |gsk3 |ikb [nfkb [traf2 [askl [sos |ras |egf |egfr [tnfr [ex |map3kl [tnfa [cjun |apl [rafl |map3k7 [mkk4 [mkk7 |jnk [ph |pi3k |p38
#1 | 0.5003 1| 1f o] o] 1 of 1 0 0 of o] 1] 1 1| of o 1 0 1 1 1 0 0 1] 1| 1 1] 0
#2 | 0.4997 1l 1f o] Oof O 1l 1 0 0 of o] 1| O of o] O 1 0 1l 1 1 0 0 1] 1| 1 of o

useful to verify with GINsim, for instance

2. Evolution over time:
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interesting if transient behaviours
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3. distribution of asymptotic solutions

Prob[erk--akt--
ras]
50%

50%

N

interesting if presence of limit cycles
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