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• What would we do, if we had to 
‚cure‘ a perturbed neural network?

• Get the list of components: Genomics
• Get the information on their interactions: Genetics
• Model the network, the disturbance, and possible ways

to interfere: Systems biology
• Try possible ‚cures‘ till you succeed.



Genomics





The 1000 genomes project: 
a catalogue of human 

polymorphism
created using next generation 

sequencing



1000 Genome project

117 Gb, two sequencing platforms

69,5Gb Illumina
47,5 Gb SOLiD







Genetics





1 million years of separate evolution

Mus mus
musculus

Mus mus
domesticus

PWD/Ph

C57BL6/6J

PWD characteristics:
captured in Prague in the 1970s

Inbred for > 60 generations (J. Forejt)

Smaller; lower body weight

Circadian and sleep rhythms different

Marginally more anxious in open field test

Greater awareness of test environment 

In high-glucose tolerance test: 

clear glucose faster

1% difference in genomic sequence vs. B6

(BAC clone sequencing) – frequency of SNPs

~ 2-fold compared to classical inbred strains

(1/330 bp vs. 1/600 bp)

Mouse model



Spr

2-DE analysis of brain proteins from
distantly related mouse strains (Joachim Klose)







Junctions with 3 or more hits











No Marker Start End Length

1 D12Mit37 5394448 5394587 139 1cM
2 D12Mit215 7638581 7638705 124 2cM
3 D12Mit136 30759790 30759936 146 13cM
4 D12Mit147 36308553 36308701 148 16cM
5 D12Mit285 55570751 55570875 124 25cM
6 D12Mit210 66343486 66343631 145 28cM
7 D12Mit201 73210299 73210513 214 29cM
8 D12Mit159 84770461 84770571 110 38cM
9 D12Mit118 91917751 91917878 127 45cM

10 D12Mit7* 103396370 103396470 100 50cM
11 D12Mit20 113809374 113809570 196 58cM
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Genotyping  of C12 F2 intercross 
mouse

Chr. 11
100,542 reads

Chr. 12 
74,476 reads

Random sequencing of C12 F2 mouse: 1.8 mln. aligned reads.
Diagram of differences between C12 F2 and C57BL6/6J reference 
genome.

recombination regions



Methylated DNA immunoprecipitation (MeDIP)

Weber et al. 2005, Nature Genetics 37: 853-862
Keshet et al. 2006, Nature Genetics 38: 149-153 



MeDIP-Seq workflow
DNA shearing and 

library preparation (2 days)

Cluster generation (1 day)

Sequencing by synthesis (2 days)

Data processing (1 day)

MeDIP and library amplification (2-3 
days)



positive control: DNA-methylation of Xist

GenX is methylated in adenoma of Apc(min/+), a mouse
model of human colon cancer

GenX methylation is known to occur in human colon cancer

GenX

Xist



Systems Biology



Systems biology – modelling platform



Implementation of an 
automatic pipeline for 
the simulation of 
individual studies (e.g. 
mutation, drug 
treatment, etc.).

This includes:
1. state definition
2. simulation
3. evaluation

Monte Carlo Approach – Simulation 
Pipeline



Systems biology – modelling platform

System performance and 
scaling

• quadratic scaling behaviour
•simulations can handle    
systems with thousands of 
components and reactions

• numeric ODE solver is stable

simulation time



Max Planck Institute for Molecular Genetics

Day of Science 2007Christoph Wierling 19. March 2007

Large scale modelling – EGEE grid

Metabolite Enzyme 0 knockdown Enzyme 1 knockdown Enyzme 2 knockdown
Mean(Ratio) CV(Ratio) Mean(Conc) SD(Conc) Mean(Ratio) CV(Ratio) Mean(Conc) SD(Conc) Mean(Ratio) CV(Ratio) Mean(Conc) SD(Conc)

M0 0,54 1,37 0,38 2,5 3,48 8,77 0,08 0,58 1,1 0,46 0,07 0,37
M1 3,18 2,34 0,13 0,98 2,09 6,98 0,22 1,36 1,04 0,29 0,29 2,07
M10 2,71 7,47 0,04 0,26 1,06 0,56 0,04 0,2 1,02 0,21 0,05 0,28
M11 1,34 0,87 0,91 2,25 1,65 5,69 1,07 2,54 313,28 14,06 1,05 2,49
M12 0,96 0,25 0,2 0,3 1,47 4,57 0,18 0,19 1 0,04 0,18 0,19
M13 3,16 2,77 0,08 0,5 2,92 8,73 0,06 0,52 1,03 0,28 0,05 0,43
M14 7,68 6,26 269,89 2517,75 38,92 13,77 50 256,4 1,18 2,1 101,58 850,4
M15 1,7 1,79 0,14 0,98 2,74 5,81 0,12 0,94 1,3 0,83 0,17 1,27
M16 8,6 7,42 1,97 24,47 23,69 10,87 0,36 1,75 1,21 0,91 0,4 1,93
M17 0,96 0,42 1,85 14,8 1,01 0,14 1,01 12,91 1,03 0,18 0,73 9
M18 0,97 0,21 4,02 40,96 1 0,04 0,6 1,57 1,01 0,16 0,58 1,51
M19 8,95 7,4 0,3 2,67 37,41 11,97 0,07 0,35 1,21 0,9 0,08 0,39
M2 146,58 11,81 0,1 0,39 24,88 12,89 0,08 0,32 1,49 3,54 0,08 0,28
M20 0,79 1,53 1,56 8,12 1,75 4,05 0,61 3,59 1,07 0,39 0,53 3,05

Centre National de la 
Recherche Scientifique,
Lyon, France

Christophe Blanchet

Initial data and
kinetic parameters

Experimental
Initial data

Job-file

Simulation 1
Simulation 2

Simulation 3

Statistical analysis and evaluation of results

1.

2.

3.











• 0.5 x genome coverage tumor, tumor stem
cells, patient genomes

• 30 x coverage exome, regulome
• 10 million reads tumor/tumor stem cell

transcriptome
• Tumor/tumor stem cell epigenome?
• ~10 Gb/patient





ssRNA expression profiling and genotyping

Exome (exons DNA enriched) profiling (CNV) and genotyping



Cross-validated 
homozygous SNP

ENSG00000115756 

Heterozygous exome SNP (in 
splicing region) looks as 
homozygous in transcriptome





Model component Rati
o

Phospho-NF-kappaB Inhibitor [cytosol] 5.1

phospho-SHC:activated IGF-1R [cytosol] 3.42

activated IGF-1R [plasma membrane] 3.37

phospho-SHC [cytosol] 3.36

NF-kappaB inhibitor [cytosol] 3.36

Grb2:SOS:pShc [cytosol] 2.83

Dvl:Notch 1 [plasma membrane] 2.65

Dvl:Notch 4 [plasma membrane] 2.5

IGF:IGF1R dimer [plasma membrane] 2.45

phospho-ERK-1-dimer [nucleoplasm] 2.2

ATF-2-P [cytosol] 2.19

B-Raf:Ras:GTP:pMEK [cytosol] 2.11

Myc/Max heterodimer [nucleoplasm] 2.07

phospho-ERK-1-dimer [cytosol] 2.06

Myc [nucleoplasm] 2.04

B-Raf:Ras:GTP:pMEK:ERK [cytosol] 2.03

Phospho-SMAD1:CO-SMAD [cytosol] 2.01

NFkB2 [cytosol] 2.01

Model component Ratio

Cyclin D:phospho-CDK4/6:p21/p27 [nucleoplasm] 0.49

phospho-(Ser45, Thr41, Ser37) beta-
catenin:Axin,GSK3:CK1alpha:APC:PP2A complex [cytosol]

0.48

Inhibited TSC2-1-P at Ser 939, 1130 and Thr 1462 [cytosol] 0.43

Phosphorylated PDE3B [cytosol] 0.42

phospho-GSK3beta [cytosol] 0.42

phospho-p21/phospho-p27 [cytosol] 0.42

FOXO4 phosphorylated [cytosol] 0.4

PIP3:Phosphorylated PKB complex [plasma membrane] 0.39

143B:phospo-BAD complex [cytosol] 0.38

Phospho-BAD [cytosol] 0.37

Phosphorylated Mdm2:p53 [nucleoplasm] 0.36

Insulin receptor substrate-1 [cytosol] 0.36

phospho-Retinoblastoma protein [nucleoplasm] 0.33

phospho-(Ser45, Thr41) beta-catenin:Axin:GSK3:CK1alpha:APC:PP2A 
complex [cytosol]

0.22

Monte Carlo Simulation Results Based on Tumor- vs. Melanocytes-Expression Data

Up-regulated Model components Down-regulated Model components



'control'
'EGF'
'BRaf'
'BRaf_Ras'

'BRaf_Ras_PI3K'
'PI3K'
'PI3K_BRaf'
'Ras'
'NGF'
'IGF'









1ROBO4ENST00000319925AsnAsp138

1ROBO4ENST00000319925AlaVal497

1OAFENST00000328965ArgGln49

1CADM1ENST00000404468AsnLys438

1MUC2ENST00000359061MetThr1711

1TLL2ENST00000357947PheSer560

1IFIT5ENST00000371795ProLeu367

1IFIT1LENST00000371809ArgGln232

1ZNF503ENST00000372516CysTyr398

1SPOCK2ENST00000373109ArgCys179

1CTGLF3ENST00000374056AspAsn593

1AKR1CL2ENST00000298375ArgHis273

1FZD8ENST00000374694PheLeu121

1PDSS1ENST00000396343IlePhe225

1PAOXENST00000278060IleAsn413

1INPP5AENST00000368595ProHis182

1INPP5AENST00000368595ProThr164

1KIAA1598ENST00000355371AlaVal345

1CASP7ENST00000369321AspAsn181

1TCF7L2ENST00000355995ThrPro483

1PSDENST00000406432ValAla965

1BTRCENST00000354827ValIle433

1HIF1ANENST00000299163ArgGly288

TumorgeneenstmutAAAAAApos
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