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The lack of widely available tools for discrete network
analysis limits the usetulness of a powertul analytical
technique.

*  What is a discrete network model?
*  How might it be applied to Bioinformatics?
*  Building a tool for analyzing discrete networks

*  How does one analyze and construct a discrete network model for
biological data’

*  Sample application as applied to the segmentation clock




A Boolean network model 1s an abstract way of viewing
interactions.

*  Many events can be seen as occurring or not occurring. Whether or
not those events occur or do not occur influence other events.

* I present at the McGill Summer Sessions
*  People listened to my presentation
*  People were bored
*  People found my presentation helpful or relevant

*  This same abstraction can be applied to interactions between genes,
mRNAs, and proteins.




Interaction between cellular entities 1s complex,
want to understand the dynamics.
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Boolean network models are powertful analysis tools.
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Image from M. Chaves, R. Albert, and E.D. Sontag. Robustness and fragility of Boolean models for genetic regulatory networks.
Journal of Theoretical Biology, 2005. Vol 235.




Analyzing large networks 1s computationally intractable
and there are tew tools for analyzing smaller networks.

Analyzing the displayed
network of 401 proteins
on a 3.0 GHz computer
would take 5.458 x 10703
years, approximately 1094
times longer than the age
of the Earth and 4 x 1093
times longer than the age
of the universe.
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Image from A human protein-protein
interaction network: a resource for annotating
the proteome. Cell, 2005. Vol 122:6.




Network Workbench 1s a widely available tool for network
analysis built on the OSGi1 framework.

"o00 Network Workbench Tool

El Console] =0 | 3% Data Manager]

GUESS was selected. - T Prefuse CSV file: /Users/tim/Documents/segmentationClockDelays.csv
Author(s): Eytan Adar %%, Created Dependency Graph
Implementer(s): Eytan Adar (GUESS), Bernie Hogan (GraphModifier front-end), Jeffrey Wong (GraphModifier front-end), Russell Duhon (resizeLinear fix) 'y N N
Integrator(s): Russell Duhon &« Created Dependency Graph with Function Pseudonodes
eference: Adar, Eytan, : A Language and Interface for Graph Exploration,’ ttp:/ /graphexploration.cond.org >« Generated State Space Grap
Ref Adar, B “GUESS: A L. d | face for Graph Expl; ion,” CHI 2006 (http:/ / hexpl i d. /) ™ d S S| Graph
33‘522"535??&?1“3"57;’4&"53’3'7'5&131?"1?3?"" =y Data.CUESS ", Weak Component Cluster of 16384 nodes
T oo o0 Guess Visualization T Graph and Network Analysis Log
Loaded 0 nodes and 0 ed Indegree distribution for network at study
;:Z:g:z::gg:mg:. s:gg File Edit Display Layout Help Binned indegree distribution for network at study
*sys-package-mgr*: proc ak '.'. Weak Component Cluster of 7288 nodes
:sysfpactngefmgr:: proc M T Graph and Network Analysis Log.2
sys-package-mgr*: proci i
ks;sﬁzackage_mg,{ Sroc Ereld Valod S o8 Indegree distribution for network at study.2
*sys-package-mgr*: proci attractor (2) 0.255 S OWE W ; '.'. ‘Weak Component Cluster of 4912 nodes
,0,255,. &

*sys-package-mgr*: proci color [ ) .
*sys-package-mgr*: proc fixed false 3| E : i T Graph and.Net.wor.k Analysis Log.3
*sys-package-mgr*: proc height 29.1547... > . Sl P I/ Indegree distribution for network at study.3
*sys-package-mgr*: proc image - b W o - ", Weak Component Cluster of 4184 nodes
*sys-package-mgr*: proci . = 3 2z T ~ )
*sys-package-mar*: proc indegree 2 s \ / T Graph and Network Analysis Log.4
*sys-package-mgr*: proc label 01001.. e A ) A, Indegree distribution for network at study.4
*sys-package-mgr*: proc labelcolor m F K

‘SVS“PM‘;“QE“'“Q'“ prod labelvisible false
*sys-package-mgr*: proci

node.label already exists name n3184
Starting GUESS (this may t; outdegree 1

black is not a property of strokecolor cadetblue
blue is not a property of a style

::tzr:?tl":cer is not a proper lli)('a[degree
currentindex: 0 visible
length -5 width
Done l] x

Y
] scheduler

Remove From List

[+ [Algorid
GUESS
Can Se;
k Rand NameError: indegree

e R

Indegri >>> nO.indegree

Indegr
Node O >>> resizelinear(indegree,5,50)

>>>
Indegr

Indegr { Interpreter ~ Graph Modifier )

4
»
::x; Select a state | ) NS
Network Analysis Toolkit (N‘ 05/15/2008 10:39:54 PM
Network Analysis Toolkit (N 05/15/2008 10:39:43 PM
Weak Component Clusterin 05/15/2008 10:33:47 PM
Discrete Network Dynamics 05/15/2008 10:30:48 PM
Load... 05/15/2008 10:30:28 PM
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The Discrete Network Dynamics plugin allows for a large
range of model analysis techniques while minimizing the
computational time costs.

OO O Network Description

Blah
Function Label
Number of States per Node
Input Function Format
State Space Specification
Updating Scheme
Node Label

Enter update schedule separated by space

Enter Initial Condition to Evaluate

clockFunctions

Polynomial
All trajectories
Synchronous

Names
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) O ) | segmentationClockDelays.csv

"orignialModel","Names","clockFunctions"
"fl=x11+~x13","g_dl1","fl=x11%~x13"
"f2=x11","g_mespz2" ,"f2=x11"
"fI=x11+x13+~x15" ,"g_Lfng" ,"f3=x11+x13%~x15"
"f4=x11+~x15","g_hesl/7" ,"f4=x11%~x15"
"fh=x1","m_dll","f5=x1"

"fe=x2","m_mesp2" ,"fo=x2"
"F=x3","m_Lfng","f7=x3"
"f8=x4","m_hesl/7","fE=x4"
"fO9=x9","P_senl","f9=x9"

"f18=x%+~x14" ,"p_Notch/NICD" ,"f108=x9%~x14"
"f11=x18","p_NICD/Rbp/Suh","f11=x18"
"f12=x5","p_dll","f12=x5"
"f13=x6","p_mespz2" ,"f13=x6"
"f14=x7","p_Lfng","f14=x7"
"f15=x3","p_hes1/7","f15=x3"




Analyzing the state space of the segmentation clock using
the Discrete Network Dynamics plugin reveals that the
network topology drives oscillations.

£ Psenl

| L ~] NICD

Notch

Rbp/Suh

&
L NICD
& Rbp/Suh

—» &5 DIl

—> &

Ifng Ifhg |—> &5

hes1/7 hes1/7 Hesl1/7

ww mRNA £ protein




Analyzing the state space ot the segmentation clock using
the Discrete Network Dynamics plugin reveals that the
network topology drives oscillations.
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Analyzing the state space ot the segmentation clock using
the Discrete Network Dynamics plugin reveals that the
network topology drives oscillations.
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Genes mRNAs Proteins
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