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Module design according to
natural building blocks (gene,
mRNA, protein)

Description of how a
biomolecule operates and
executes its function
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%( MODULAR MODELLING FRAMEWORK ...

Module design according to
natural building blocks (gene,
mRNA, protein)

Description of how a
biomolecule operates and
executes its function

Modules obey naturally implied
structural criteria

Composition through shared
interface subnetwork of
interactions
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MODULAR MODELLING FRAMEWORK oo

Formal language with
operational semantics

What-You-See-Is-What-You-
Get Principle

Switch between modelling
paradigms

Powerful simulation and
analysis tools

Compatible with SBML and
other usual representation

styles
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%( MODULAR MODELLING FRAMEWORK ...

Organisation of modules

Explicit assessment of the
network structure

Extension of modules through

Petri Nets
TN metadata
“’J
-'« Support of:

\

Module versioning

Retrieve modules of interest

Automatic networks

Algorithmic mutation
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CASE STUDIES
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CASE STUDIES
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MODULE TYPES

Molecular Interaction

Protein Module Protein Degradation Module

* Binding and Unbinding Reactions * Inactivation - Petri Net

* Formation and Cleavage of * Internalisation - Documentation
Covalent Bonds * Degradation

* Conformational Changes - Meta-Data

A SALE

MmRNA Module Gene Module

* Transcription/Translation * Transcriptional Activity

* Processing of RNA * Binding and Unbinding Reactions
* Binding and Unbinding Reactions * Covalent Modification

* mRNA Degradation

%
B 4

;

Causal Dependencies

Causal Interaction Allelic Influence
Modules Module

= * Causal Influences on Molecular * Allelic Influences on Molecular
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Composed Models
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ALGORITHMIC MODEL MUTATION

| Wild-Type Model |

Gene 6 | : Modification of Protein
Knockout b v Structure and Function®
) | a B |

J /;-"8"<

“z\w\

=

5 Block Structural Entit Block Tagged Molecular
Delete Modules 4 88°
. Subnetworks Actions
©
IL6 IL6
IL6Ralpha JAK1 IL6Ralpha gp130  JAK1
© (O o
©
SHP2 SOCS3 STAT3 SHP2 SOCS3 STAT3

[nteractions increased,

[nteractions not available
aotions not availab weakened, or unchanged




PN for Multiscale Systems Biology, Milano/Italy 25th June 2013, -

GENE KNOCKOUT

Algorithm 1 Module Knockout

Require: Set of modules M = {M,, ..., M,} for the model composition.
1: ComposeModel(M); > wild-type model
2: fori:=1tondo
3: Msko =M\ {M;}

A TSALLE

4 ComposeModel(Msko) > single knock-out of module M;
5 for j:=i+1tondo
6: Mpko = Msko \ (M}
7: ComposeModel(Mpko) > double knock-out of modules M; and M
= 8 end for
| 9: end for

IL6
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Double KO
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j GENE KNOCKOUT

Algorithm 1 Module Knockout

Require: Set of modules M = {M,, ..., M,} for the model composition.
2 1: ComposeModel(M); > wild-type model
-~ 2: fori:=1tondo
3: Msko =M\ {M;}
4: ComposeModel(Msko) > single knock-out of module M;
5: for j:=i+1tondo
6: Mpko = Msko \ (M}
7 ComposeModel(Mpko) > double knock-out of modules M; and M
= 8 end for
X 9: end for

Adaptable up to k-fold Knockout...

Number of mutated models:

!
‘T.
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MUTATE STRUCTURAL ENTITY

el EFa A EFEgEy A FfFea NEIfrFes

Algorithm 2 Deletion of Structural Entity Subnetwoks

Require: Set of modules M = {M;,..

(SES\,...,SES,} of M, where SES; = [P;, T;, F;,mj].

1: ComposeModel(M)
2: fori:=1tosdo

., M,,} with the total set of all structural entity subnetworks SES :=

> wild-type model
> block molecular events of S ES;

3: Tbackup =T;
4: Ti:=0
5: mg‘ =0
6: ComposeModel(M) > blocked and empty SES;
7 k = |Pi| > number of elements in P;
8: for j:=1tokdo > Vary marking of the blocked S ES;
9: m(’;" (H:=1
10: ComposeModel(M) > blocked S ES; with place pﬂ marked
11: my! =
12: end for
13: T; = Tbadup
14: end for

™
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el I B EI=EgEy A Fa 1S A
Algorithm 2 Deletion of Structural Entity Subnetwoks
Require: Set of modules M = {M,..., M,} with the total set of all structural entity subnetworks SES :=
i (SES\,...,SES,} of M, where SES; = [P;, T;, F;,mj].
o 1: ComposeModel(M) > wild-type model
2: fori:=1tosdo > block molecular events of S ES;
3: Tbackup =T;
4: T =0
5: mg‘ =0
6: ComposeModel(M) > blocked and empty SES;
7 k = |Pi| > number of elements in P;
8 for j:=1tokdo > Vary marking of the blocked S ES;
A 9 myi(j) =1
\ 10 ComposeModel(M) > blocked S ES; with place pﬂ marked
11: mg" —
12 end for
13 T; = Tbackup
14: end for
i L_RBD L_RBD L_RBD
g R 630 R éD R 6D
R_LBD:: R_LBD::
L_RBD L_RBD
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el I B EI=EgEy A Fa 1S A
Algorithm 2 Deletion of Structural Entity Subnetwoks
Require: Set of modules M = {M,..., M,} with the total set of all structural entity subnetworks SES :=
i (SES\,...,SES,} of M, where SES; = [P;, T;, F;,mj].
o 1: ComposeModel(M) > wild-type model
2: fori:=1tosdo > block molecular events of S ES;
3: Tbackup =T;
4: T =0
5: mg‘ =0
6: ComposeModel(M) > blocked and empty SES;
7 k = |Pi| > number of elements in P;
8 for j:=1tokdo > Vary marking of the blocked S ES;
A 9 myi(j) =1
\ 10 ComposeModel(M) > blocked S ES; with place pﬂ marked

11: mg" =
end for
T; = Tbackup
- end for

12
13
14
i L_RBD L_RBD L_RBD
2

R_LBD:: R_LBD::
L_RBD L_RBD
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el I B EI=EgEy A Fa 1S A
Algorithm 2 Deletion of Structural Entity Subnetwoks
Require: Set of modules M = {M;,..., M,} with the total set of all structural entity subnetworks SES :=
1 (SES\,...,SES,} of M, where SES; = [P;, T;, F;,mj].
e 1: ComposeModel(M) > wild-type model
2: fori:=1tosdo > block molecular events of S ES;
3: Tbackup =T;
4: T =0
5: mg’ =0
6: ComposeModel(M) > blocked and empty SES;
7: k = |Pi| > number of elements in P;
8 for j:=1tokdo > Vary marking of the blocked S ES;
e 9 my (j) =1
k 10 ComposeModel(M) > blocked S ES; with place pﬂ- marked
11: mg‘ —
end for
. T; = Tbackup
14: end for

B4

Number of mutated models:

SES|
1+ |SES|+ Y |Pj

"% .
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j SWITCH OF SPECIFIC MOLECULAR ACTIONS

L_RBD
7 R_LBD
O Uniprot PDB
R_LBD:: Gene Ontology
L_RBD
- BindingDB

Pfam Database

~ / PhosphoSite

DrugBank

...and more

Biomodelkit DB storeg for each Node Cross-References
to other Bio-DBs
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SWITCH OF SPECIFIC MOLECULAR ACTIONS

Algorithm 3 Deletion of Transitions based on Metadata-encoded Biological Knowledge

A TSALLE

: Tww 2= T\ Thiock

13: ComposeModel(M,,,)

14: for all t; € Ty, do

15: My =M

16: Tow =T\ {1;}

17: ComposeModel(M,,,,)
18: for j:=i+1tokdo

\M
Pk d
PN = O

Require: Set of modules M = {M;,..

., My} with transitions T = {#1, ..., tm},

set of tags to be used for the mutation Tag,, = {tagmu.1s - - - » 1A mur1}-
I: Tagpg :=0; > set of tags from database
2: Tpiper =0 > set of transitions to mutate
3: ComposeModel(M) > wild-type model
4: forall ;T do
3: Select the set of tags Tagpp := {tagpg., - - ., tagpp,} of transition ¢; from BMKdb
6: if Tagpp N Tagm, # 0 then
e R 7 Totock := Thioak U {ti}
8: end if
9: end for;
sk = Tkl > number of elements in T,
M, =M

> all tagged transitions blocked at once

> only one tagged transition blocked at a time

gzé 19: me = me \ [tj}

§§ 20: ComposeModel(Mpu) > two tagged transition blocked at a time
=== 21: end for

m! 22: end for
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SWITCH OF SPECIFIC MOLECULAR ACTIONS

L_RBD
Tag | Tag |
Tag 2 Tag 2
Tag 3 R_LBD Tag 4

R_LBD::
L_RBD

A TSALLE

Tag |
Tag 5
Tag 6

5
B 4

RNCD _inact

R_CDXNact

;

Tag |
Tag 5
Tag 7

User:Tag 2,Tag7
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j SWITCH OF SPECIFIC MOLECULAR ACTIONS

Number of mutated models:

\

5
B 4

T
2+Z bj“k‘ k< | Thiock]
=1
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j HIGH-THROUGHPUT MODEL SCREENING

Wildtype and Alternative
Models

Simulation Parameters Quantitative 8 Qualitative

; I State Space of Model i I

Uy expressed & Model Checking
temporal logic formulas , _

I Properties of Model i I

Cluster Analysis

Groups of models with
common properties

\

5
B 4

Experimental Description

Simulation Lab
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SUM UP...

Key features of the modular modeling concept

Purposefully designed modules
Petri net formalism
BioModelKit DB

Algorithmic model mutation

A TSALLE

5
B 4

HT model screening

Future Extension

Adding spatial information

;

Reengineering of modules

Reverse engineering of modules from OMIC data

Module reduction
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; SUM UP...
J

Mociules
Model Mutation

Algorithmic Mutation . . Validation
g Desired Behaviour ==
or
Manual Mutation Experimental Validation
Data Sets
Automatic
Reverse
Engineering Network
Reconstruction
Petri Net Automatic Composition v . ' Analysis Network
> Petri Net Simulation H
Behaviour
A
Forward
Engineering
Known Molecular
Design of Modules Mechanisms Validation

Powerful and Versatile Framework for
Multiscale
Biomodel Engineering
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A SALE
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