Life is the translation of the
Information in the genome
Into the phenotype of the
organism:

The organism ,computes’ this
phenotype from its genotype,
given a specific environment
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 What would we do, If we had to
,cure' a perturbed neural network?

e 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



Tetraodon
to human

articles

Finishing the euchromatic sequence of

the human genome
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The 1000 genomes project:
a catalogue of human
polymorphism
created using next generation
seguencing



1000 Genome project

69,5Gb lllumina

47,5 Gb SOLI

117 Gb, two sequencing platforms
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Genetics



A panel of 21 inter-species consomic strains

W nnngun - ee=
3 4 5 9 10 1112 13 14 15 16 17 18 19 XX(XY)
II II i II II II NHUTHNANHUNN  soe
3 4 5 9 40 11 12 13 14 15 16 17 18 19 XX(XY)
II II I II II II WU  eesewe
3 4 5 9 10 1112 13 14 15 16 17 18 19 XX{XY)
II II I II II II INELEERUNLL —-ro
3 4 5 9 10 1112 13 14 15 16 17 18 19 XX{XY)
I II NHNHNNHIUT  soxene
3 4 5 9 10 1112 13 14 15 16 17 18 19 XX{XY)
II II N II II II NHUTNHNHNHUNL sevew
3 4 5 9 10 1112 13 14 15 16 17 18 19 XY
donor strain: PYWD/ED (Mus muscuing musciing)
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Mouse model

C57BL6/6]

Mus mus Mus mus
musculus domesticus

1 million years of separate evolution

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)



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

The Mus species group

domesticus

The
———musculus M. musculus

castaneus group
bactrianus

macedonicus (Greece->lran->Isracl)
y 4A or abbotii)

spicilegus (Austria->Ukraine->Bulgaria)
{formerdly 4B or hortulanus)
Spretus (Spain/N. Africa)

caroli (Indonesia)

—_ CO0KIi (India/S.E. Asia)

cervicolor (Nepal/S.E. Asia)

booduga (india/Burma/Pakistan)

dunni (India/Sumatra)
I | | | | | |
6.0 5.0 4.0 3.0 2.0 1.0 myr bp
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Junctions with 3 or more hits
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AHE Ambat SV Comprten

click somewhere on plot to zoom or Unzoom

Orientation: ————y

mmg (Mouse genome)
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click somewhere on plot to zoom or

mm9 (Mouse genome)
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LOG (base 2% of numbert! of fragments per 476333 bp for all consomics {name and walue are popuping)
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=< back to index

LOG (base 2 of numbert1 of fragments per 100 bp for all consomics{name and value are popuping)

click somewhere aon plot to zoom ar
ucsc Click on p_val track
Ensembl Click an p_val track

mm4 (Maouse gename)
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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 16¢cM
5 D12Mit285 55570751 55570875 124 25¢cM
6 D12Mit210 66343486/ 66343631 145 28cM
7 D12Mit201 73210299 73210513 214 29cM
8 D12Mit159 84770461 84770571 110 38cM
9 D12Mit118 91917751 91917878 127 45¢cM

10 D12Mit7* 103396370 103396470 100/ 50cM

11 D12Mit20| 113809374 113809570 196/ 58cM

Bmb1 (chrl4)




Genotyping of C12 F2 intercross
mouse

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

genome.

Humber of mutations per 405982 bp

B

Chr. 11 -
100,542 reads D

o 0000000 40000000 GO000000 20000000 100000000 120000000

Number of mutations per 401542 bp

Chr. 12 R
74,476 reads = —

20000000 40000000 20000000 120000000

recombination regions




Methylated DNA immunoprecipitation (MeDIP)

?HS ?Ha
—_— _Cﬂ?v — CHy Genomic
— S = __ CH; =— DNA fragments
— CHE ER— H3
CH CH4
_ CHy - ~ CH,
- - - Denaturation
g_E,H.:j\\ Immunoprecipitation

CHy of methylated DNA
1

Voo

Input DMA IF = methylated DMNA

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)

4

MeDIP and library amplification (2-3
days)

Cluster generation (1 day)

' = 13 ]

—

Sequencing by synthesis (2 days)

4

Data processing (1 day)




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

GenX methylation is known to occur in human colon cancer
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Systems Biology



MAX-PLANCK-GESELLSCHAFT

|P| Gene A | |P| Gene B | IPl Gene C | Gene D
e e e Sty (]
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A
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Processing Processing Processing Processing
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Monte Carlo simulations

Monte Carlo Approach — Simulation
Pipeline

Normal state Treatment state

Model initialized 7—’ 7_’ Implementation of an
with identical L > * automatic pipeline for
initial values the simulation of

individual studies (e.g.
mutation, drug

l i treatment, etc.).

This includes:
Components || C; | Cy ----- Ch [[|C1 |Co ---m-- Ch

1. state definition

1. Parameter set ) )

2. simulation
2. Parameter set [ [ [ s 3. evaluation
3. Parameter set - - - -
k. Parameter set - e - o




MAX-PLANCK-GESELLSCHAFT

System performance and

scaling
1000 . | .
10 I I | I
- gl |
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2 600 0 i -
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o R i
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Q
E 400 —
200 — —
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0 l2 | 1 |
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= Max Planck Institute for Molecular Genetics

Large scale modelling — EGEE grid

1. Initial data and Experimental
kinetic parameters Initial data

Christophe Blanchet

Job-fil
| [oobfie] | CGERE [y

Simplation 1 Fnratéling‘GridEs Recherche Scientifique,
2. Simulation 2 Of E=SCIENC Lyon, France
Simulation 3

l

3. | Statistical analysis and evaluation of results

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)

MO 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 3,64 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

Christoph Wierling Day of Science 2007 19. March 2007




mMinusEGF vs. plusEGF
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mMinusEGF vs. plusEGF
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mMinusEGF vs. plusEGF

NLK [cytosol]
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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
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SSRNA expression profiling and genotyping

PN

chr. 2 H>
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Exome (exons DNA enriched) profiling (CNV) and genotyping
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Cross-validated
homozygous SNP

% i W:’
10 1 [Lal-Tecs g 1ol 1oeaxr 1 D2 310 1 D2 X1 07 108 axIF 1DE4EXI10 1 D2 1 OF L= =l

Heterozygous exome SNP (in
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Monte Carlo Simulation Results Based on Tumor- vs. Melanocytes-Expression Data

Up-regulated Model components

Model component

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

phospho-SHC [cytosol] 3.36

Grb2:SOS:pShc [cytosol] 2.83

Dvl:Notch 4 [plasma membrane] 25

phospho-ERK-1-dimer [nucleoplasm] 2.2

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

phospho-ERK-1-dimer [cytosol] 2.06

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

NFkB2 [cytosol] 2.01

Down-regulated Model components

Model component

phospho-(Ser45, Thr4l, Ser37) beta-
catenin:Axin,GSK3:CK1lalpha:APC:PP2A complex [cytosol]

Phosphorylated PDE3B [cytosol] 0.42
hoshossKbemiotsal a2
phospho-p21/phospho-p27 [cytosol] 0.42
(FOXO4phosphonmedlemosal 04
PIP3:Phosphorylated PKB complex [plasma membrane] 0.39
emprospesrDcomplex sl 0
Phospho-BAD [cytosol] 0.37
Phosphonated MamZos3 (uckeopesm] 03
Insulin receptor substrate-1 [cytosol] 0.36

phospho-(Ser45, Thr41) beta-catenin:Axin:GSK3:CKlalpha:APC:PP2A 0.22
complex [cytosol]



1

‘control’
'EGF'
'BRaf'
'‘BRaf_Ras'
'‘BRaf_Ras_PI3K'
'PI3K"
'PI3K_BRaf'
'Ras’
'‘NGF'
0 'IGF'

‘ ‘ ““ I

=

=
[}

2]

m

.

m

T
|
[=)

(S}

T
1
o

.

-20

w

450

ra

30
40

a0 200 250 300 350 400

100 150

1



Angiogenesis
i /

Recaptar Tyrozine Kinase (RTK),
(Ll

i tam, g, i WL

.‘—'. %
«..- It FLC|
RasGEF

i L [

— -

ngh_a' PPZA

F
AY il AREl,

vl
i d-carorsn

Tczsntdhonh
i e —— e Fi=caténemn

CELT N

‘449 2 E-Rar

my<.cyclin 0, CO44

-
m-enmmrt o

o Tinm,
Elimarid -

TGF|
TGF(I Rll

TARLIAB]
) T-QEE_.

P

i RadS2 o
Rad5 -

Cucaz |

Phoanphatmm

Phospholipasos

Fro-spoptotic

Froteasos

Recaptar Tyn

el

Soaffoids

Trmnacription Factors

Mak

,_;:u.i

" Jaau"'/ \ "'"i“? \\

w F

_ e
ageL = CaR-2
Gil Frmadd

TR
SufFuls
Pusad

pan HT,

i I:'ﬁ,“q-' +

Pich -,

Bujeubeg ﬁDHBEFaH




| Reclationship between ADRBZ and PTEN

Mode Info rUncunnemed Hodes |

|| Gene symbolKIT (id:3815)

|| Full Narne: v-kit Hardy-Zuckerman 4 feline
homolog

| Analyze Promoter(s) of KIT

| Show BiblioSphere for KIT

Get Filorado annotation for KIT

show comparative Genotnics for KIT
Eemove KIT from BiblioSphere
Dezcription: This gene encodes the human b
proto-oncogene c-kit. C-lat was first identid
hornolog of the feline sarcomma viral oncoge
a type 3 transmembrane receptor for MGF
factor, also known as stern cell factor). W
associated with gastromntestinal stromal tum
acute myelogenous lukernia, and piebaldism
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Genetic Subgrouping of Melanoma Reveals New Opportunities
for Targeted Therapy

Keiran S.ML 'Small.:**g.a,j Katherine L. I'hi[al,hanmn,1'7I and Keith T. Flaherl,j.a“

‘Molecular Oncolagy Program and Department of Cutaneous Oncology, The Moffitt Cancer Center & Reaearch Institute, Tampa, Florida:
and Divizsiona of *“Medical (ienetics and ‘Hematology-Oncology, Department of Medicing and *The Abramson Cancer Center,

University of Pennayvania School of Medicine, Philadelphia, Pennayheania

Abstract

The disedvery of activating oncogenic BRAF VO0DOE niwtati
in the majority of melanomas has not yet been translate
re effective therapy. The failure of agents may be due

ack of sufficiently targeted therapeutics, but is more likely
based on the activation of multiple oncogenic pathways in

melanomas in addition to the mitogen-activated protein

melanomas that instead rely on either ¢-KIT or CRAF signal-
ing that may be amenable to single-agent targeted therapy.
In the current review, we discuss how knowledge about these
new melanoma subgroups may lead to improved strategies
for treating melanomas harboring BRAF VO0OE mutations.
Nancer Res 2000:69(81:3241 -]

After decades of negalive
melanoma treatment is targeted therapy, using small-molecule
inhibitors directed against the oncogenic mutations responsible
for driving tumor progression. Although extensive preclinical
studies have validated the BRAF VO0OE mutation and the

rials, the new hope for

kinase signaling pathway. In contrast, there are groups of

concept for melanoma targeted therapy, We suggest that a greater
understanding of these two subgroups, in which one oncogenic
event drives both proliferation and survival, can point to novel
strategies for treating BRAF VGOOE mutated melanomas.

Key Findings

Inhibition of ¢KIT modulates both growth and survival.
Ithough a role for ¢-KIT signaling in melanoma has been long
isputed (12, 13), interest in this receptor tyrosine kinase (RTK)
ras recently rekindled following the identification of subgroups of
melanoma harboring activating KIT mutations (14). Melanomas
that develop on body sites with little UV exposure, such as the
soles of the feet or subungual sites (acral melanomas), or on
mucous membranes (mucosal melanomas) have a very low
incidence of BRAF mutations, but often harbor activating
mutations in KIT (14-16). Within these subgroups of melanoma
there also are instances in which ¢-KIT is amplified in the absence
of a mutation, so that the total number of ¢-KIT aberrations is 39%
for mucosal. 36% for acral. and 28% for sun-damaged skin
melanomas (14). ¢-KIT has since been shown to be expressed in
88% of oral mucosal melanomas, with 22% of these lesions
harboring KIT mutations (16). Other studies showed that 62% of
acral and mucosal melanomas  exhibited constitutive o KIT
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The TREAT 1000 project

Making tomorrow’s treatment available today

WELCOME TO THE TREAT 1000 WEBSITE!

TREAT 1000 is an innovative project with the aim of bringing the benefits of
genomic medicine to the cancer care of 1000 patients now. TREAT 1000 was
founded by top researchers and doctors from the Max Planck Institute of
Molecular Genetics in Berlin, Harvard Medical School, the Charité
Universitdtsmedizin Berlin, Alacris Pharmaceuticals GmbH and CollabRx Inc.
The project aim is to use a hybrid combination of funding sources, including
patient and donor funding to fund applied research in patient treatment,
research which will lead both to medical advances and to direct benefit for
the patients involved in the project.

Every patient and every tumor is unigue. Sequencing each patient’s genome
and their tumor genome will help their oncologists understand the specific
mechanisms of tumor resistance and susceptibility for each patient’s specific
disease.

All data and conclusions generated in the project will be made publicly
available through collaborations with the Personal Genome Project and with
Health Commons.

More information about TREAT 1000:

———



Marc Sultan
Christine Grimm
Marie-Laure Yaspo
Christian Regenbrecht
Michal Schweiger
Aleksey Soldatov
Tatjana Borodina
Dmitri Parkhomchuk
Andreas Dahl

Bernd Timmermann
Ralf Herwig
Christoph Wierling

Bernhard Herrmann
Jiri Forejt (Prag)
Martin Vingron

Genomatix

Peter Schlag (Charite, Berlin)

Reinhold Schafer (Charite, Berlin)
Manfred Dietel (Charite, Berlin)

George Church (Harvard Medical School)
Alacris Pharmaceutical

CollabRx

www.treat1000.0rq




log2 Ratio [tissue/blood] chromosome 3

[poojgsanss)] oney 2ho)

40000

30000

0000

10000

Bin index



logZ Rafio [tissue/blood]

log2 Ratio [tissue/blood] chromosome 9

oo O [ea]

o

2000

l l l
10000 15000 20000

Bin index

25000




