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Networks Dynamics
Gene Networks @ Work using Digital Organisms

Reverter & Dalrymple, 2005
BioInfoSummer, ANU, Canberra

������������	
��	
�	�

�����
�
�����
�������������� �

����
	
��
��� �
���������� �!��!��"
�����������

Reversed engineering of gene networks for Bovine skeletal muscle:
Development and Applications

Genetic 
profiling is a 
vicious cycle

Data generated at a rate 
much higher than it can 

be comprehensively 
processed and analysed

The identification of 
differentially expressed 

genes is a first-step 
non-trivial task

Building a 
gene network 

is a bigger 
challenge

Understanding how the 
essential genes 
function within a 

network is an even 
bigger challenge

Evidence of 
changes in network 
topology due to a 
number of factors

Given a network, 
postulating a 

hypothesis could be 
tricky (Type III Error)

Biologically 
testing a 

network could 
be impossible

(RE-)START
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The CLI 
Experience

Reversed engineering of gene networks for Bovine skeletal muscle:
Development and Applications

Network Dynamics
Setting the Scene

Fleece Rot Resistance
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Network Dynamics
Setting the Scene

Fleece Rot Resistance
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Network Dynamics
Setting the Scene

Fleece Rot Resistance
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Network Dynamics
Setting the Scene

Fleece Rot Resistance

297 DE Clones

102 DE Genes
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Network Dynamics
Setting the Scene
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Network Dynamics
Setting the Scene
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RES SUS

Mean 34.4 44.2
Std 11.9 18.2
Min. 15 11
Max. 53 70
Clust. 0.34 0.44

Tot.Conn 1,755 2,255
Corr > |.90| 439 600

Network Dynamics
Setting the Scene
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0.915-0.649UREB1ITM2B

0.622-0.969SLC25A5HSPA5

0.827-0.696LOC515656FBLN1

0.504-0.990LOC514360FBLN1

-0.7340.955LOC506790FBLN1

-0.7600.864OA-MITFBLN1

0.620-0.911ABCC11FBLN1

-0.8090.678LOC534721FABP4

-0.7880.723LOC511432TCP1

-0.5850.909FBLN1ODC1

-0.8350.796LOC506790KRT5

0.885-0.867ABCC11KRT5

-0.7680.878ODC1KRT1

-0.7060.917cl4833423E24CDH1

0.687-0.840LOC534721CDH1

-0.7910.890LOC521081CDH1

-0.8670.606ATP5BCDH1

-0.9600.758ODC1CDH1

Corr in SUSCorr in RESGene2Gene1

-2.00-204020COL1A2

-2.00-234623CDH1

-2.10-336330LOC534721

-2.14-326028LOC506790

-2.23-274922ITM2B

-2.24-264721LOC507421

-2.24-264721KRTAP16.6

-2.30-264620KRT5

-2.30-305323LOC534301

-2.30-305323LOC515352

-2.42-376326MEIS4

-2.47-284719COL3A1

-2.68-375922LOC480182

-2.86-416322ABCC11

-2.87-436623TXNDC

-3.18-375417PCDH15

-3.33-426018FABP4

-3.37-456419KLK10

-3.63-425816LOC511432

-4.47-526715RPL26

FoldDiff
Conn in 

SUS
Conn in 

RESGene

Offending Correlations Offending Connections

Network Dynamics
Setting the Scene
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Resistant Susceptible

Network Dynamics
Setting the Scene
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Resistant Susceptible

Network Dynamics
Setting the Scene
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Resistant Susceptible

24 Most Offending

Network Dynamics
Setting the Scene
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Genetic 
profiling is a 
vicious cycle

Data generated at a rate 
much higher than it can 

be comprehensively 
processed and analysed

The identification of 
differentially expressed 

genes is a first-step 
non-trivial task

Building a 
gene network 

is a bigger 
challenge

Understanding how the 
essential genes 
function within a 

network is an even 
bigger challenge

Evidence of 
changes in network 
topology due to a 
number of factors

Given a network, 
postulating a 

hypothesis could be 
tricky (Type III Error)

Biologically 
testing a 

network could 
be impossible

(RE-)START

Reversed engineering of gene networks for Bovine skeletal muscle:
Development and Applications
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APPROACHES

� Complex Systems

� Expression Profiling

� Stoichiometric Analysis

None

Heaps
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Network Dynamics
Introduction

������������	
��	
�	�

�����
�
�����
�������������� �

����
	
��
��� �
���������� �!��!��"
�����������



9

Network Dynamics
Digital Organisms

Digital Organisms are an elegant way to decipher the gradual evolutionary 
process found in complex structures that retain features related to 
earlier ancestral evolutionary steps.

Digital organisms have been shown to provide an increased 
understanding of fundamental problems including:

1. Why complex organisms have more robust fitness than simple ones
(Lenski et al., 1999);

2. The relative contributions of replication and mutation rates to survival 
(Wilke et al., 2001 � “Survival of the Flattest”);

3. The evolutionary effect of productivity on species richness (Chow et 
al., 2004).

Digital organisms can be understood as model systems to study the kinds 
of gene interactions that may result in phenotypic variation.

It is anticipated that this knowledge will, in turn, improve our ability to 
understand common diseases (Moore and Williams, 2005).
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PARAMETERS
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Network Dynamics
Digital Organisms
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1000-.5-.915G6

01000-.512G5

001.50.99G4

00.510.77G3

-.50001.55G2

-.9-.5.9.7.512G1

G6G5G4G3G2G1NME

Correlations

Normalised Mean Expressions

1

2

3

4

5

6

Master Genetic Load = 50.0
Master Phenotype = 45.4

Master

Network Dynamics
Digital Organisms
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Network Dynamics
Evolutionary Process

Master

Founders

Descendants

Extreme Extreme
Repeat at nauseum

� What global changes are required to generate an extreme phenotype?

� What are the minimal changes to generate a massive change in a target gene?

� What extreme changes in phenotype can be seen after knocking out a given gene?

(constant population size)
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Define Master GRN Run = 1

Run > Max Runs

Generate Foundation Organisms

G = 1

G > Max G

Generate Progeny Update Extreme Organisms

Progeny become parentsG = G + 1Store Details of 
Extreme Organism

Run = Run + 1 Finish

Start

NO

NO

YES

YES

MaxRuns = 1,000
MaxG =     20,000
GL tolerance = 5%

Network Dynamics
Evolutionary Process
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� Simulated (Luscombe et al. 04, Nature 431:308)

12

Network Dynamics
Examples
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� Simulated (Luscombe et al. 04, Nature 431:308)

12

Master Genetic Load = 97.5
Master Phenotype = 85.5

� What global changes are 
required to generate an 
extreme phenotype?

QUESTION

Network Dynamics
Examples
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Network Dynamics
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� Simulated (Luscombe et al. 04, Nature 431:308)

Master Genetic Load = 86.7
Master Phenotype = 84.6 � What 2 genes need to be 

regulated by > 20% to 
generate an extreme 
change to gene No. 7?

QUESTION

Network Dynamics
Examples
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Network Dynamics

Examples
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3914611164112030G11

355415316545295165G10

12323143811123231G9

153214263397G8

G7

21301914234111715G6

192830172225212633G5

203420151926101822G4

243817121817223130G3

223119211619161337G2

213919232129182724G1

G11G10G9G8G7G6G5G4G3G2G1
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Q: Which 2 genes need to be regulated by more than 20% to generate
an extreme change to G7 and without affecting the phenotype?

Network Dynamics

Endogenous Network
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� MYOG (Reverter et al. 05, Bioinformatics 21:1112
Blais et al. 05, Genes & Development 19:553)

MYOG  …to be knocked outMaster Genetic Load = 186.9
Master Phenotype = 279.9

Network Dynamics
Real Example
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Biological 
Inconsistency

and/or 
Numerical 
Trickery

Biological 
Challenge

Q: What negligible and extreme changes 
can be expected after knocking out MYOG?

Network Dynamics
MYOG Network
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Q: What negligible and extreme changes 
can be expected after knocking out MYOG?

Network Dynamics
MYOG Network
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� Note similarities with Genetic Algorithms.

� Potentially naïve computation of Phenotype

� …to be improved with WGS studies:

� Further improvements from population growth rate.

� Aggravating vs Buffering effect of connections.

� Initial results warrant further research

( )[ ] EP +Ä= � �LL GR

Network Dynamics
Digital Organisms

Final Remarks
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