IntOGen: A novel framework for
integration and data-mining of
multidimensional oncogenomic data

Christian Pérez-Llamas

Biomedical Genomics Group
Universitat Pompeu Fabra

SGRIB

Parc de Recerca Biomedica de Barcelona



: : . N consequences at the level of gene Altered cell functions and
Genomic and epigenomic aberrations in cancer

expression and protein function uncontrolled growth
é Point mutations )
o / (" Protein function alteration )
é Translocations ) T PR\
a0 Il' . d Acquired capabilities of cancer cells )
| ! vl N ' M
: QO self-sufficiency in growth signals
-,, T O Insesitivity to anti-growth signals
L ) \. J eIy £ antgre
(O Sustained angiogenesis
é Amplifications and deletions ) 4 ) (O Limitless replicative potential
O Evading apoptosis
Frr s T g ™ O Tissue invasion and metastasis
. J \_ v,
é Epigenomic alterations A
. J
o J




IntO gen Overview

P

4 U ' Y4 3 N\
\.__~ Oncogenomics Data Clinical Annotations | &V Genomic Annotations
= m 74288
» Transcriptomic alterations * Ensembl
« Copy Number Variation alt. International Classification « GO
* Mutations of Diseases for Oncology * KEGG
« Epigenomic alterations .

o AN AN J
= N p
L&Aj& Statistics Visualization &

- Exploration
 Raw data processing
e Cancer related genes www.intogen.org

identification
» Cancer related
modules identification
 Combinations
» Correlations

- GiTools

www.gitools.org

* BioMart service
 DAS server
« SOAP-WS

/




IntO gen Overview

« Raw data processing

» Cancer related genes
identification

e Cancer related
modules identification

« Combinations

e Correlations

N é Y 5 N
~, Oncogenomics Data Clinical Annotations * Genomic Annotations
Y i
* Transcriptomic alterations * Ensembl
« Copy Number Variation alt. International Classification « GO
* Mutations of Diseases for Oncology * KEGG
« Epigenomic alterations . ..
e N\ AN 4
/" ™ o N
Statistics —-— \Visualization &
. Exploration

www.intogen.org

i Www.gitools.org

« BioMart service
« DAS server

B "2 . S0AP-WS

e




%intogen Collation of Cancer Data

Transcriptomic Copy Number ]
[ Alterations } [ Variations } [Mutatlons}

G0

Gene Expression Omnibus

AN

opy Number Analysis
rom Sanger Institute

" JEE NI NN

International
Cancer Genome
Consortium




%intogen Annotation of Cancer Data

% Clinical Annotations of Patients and Samples \

, T ~ Prepared for any
International Classification ¢ ot annotations:

of Diseases for Oncology
* Type of treatment

~ * Age of onset
» Topography * Gender
ICD-O { Morphology e+ Celltype

RN

e";ix Sources of Knowledge

L=
°p°

a’Ensembl

GO 00BO




IntO gen Overview

r

IE‘\ ,ﬁl

'
|
W,

¥ {flll
'*«\\'

e

‘\

Oncogenomics Data

-~ N

”‘ Clinical Annotations

_‘\

Genomic Annotations

/

i

« Raw data processing

e Cancer related genes
identification

» Cancer related
modules identification

« Combinations

e Correlations

] || I
. TR,
e

» Transcriptomic alterations « Ensembl

* Copy Number Variation alt. International Classification * GO

* Mutations _ of Diseases for Oncology * KEGG

» Epigenomic alterations .

AN / /
¢’ '.') \ ik = -\
\f\g &) Statistics —-— \Visualization &
. Exploration

www.intogen.org

'E www.gitools.org

« BioMart service
"= DAS server
e e SOAP-WS

e




%intogen Raw data processing

4 N
Raw data processing
A /
4 N
Cancer related genes identif.
- /
4 N

Cancer related modules identif.

e N
Combinations
g J
e N
Correlations
NG )

& ]
|

Sequencing, Microarrays, ...

N

Level 1 data
reads, image intensities, ...

i

Level 2 data
Region events/signal, probe intensities, ...

i

Prepared data samples

signal

variables




%intogen Cancer related genes identification

Raw data processing

experiment 1

Cancer related genes identif.

Cancer related modules identif.

samples

Combinations

Correlations

. altered
D not altered

STEP 1

identification of
driver alterations

A g

r

genes

corrected p-value

exp. 1

0.05 1



intogen Cancer related modules identification

Raw data processing

o

Cancer related genes identif.

s

o

Cancer related modules identif.

~

-

Combinations

Correlations

—
S 4 I
5 Biological modules
> ¢ Functional Modules
¢ Regulatory Modules
N ¢ Oncogenomic Modules
¢ Etc.
Y, > o J
N
- - "
D o
X
» STEP 1 .
% >
h o) identification of
driver modules o
J =
N ~ 3
> £
J >
P Annotated genes 0 0.05 1

in module M " corrected p-value




intogen Combinations

4 N
Raw data processing
- /
4 N
Cancer related genes identif.
- /
4 N

Cancer related modules identif.

Combinations

-
"

Correlations

genes

exp. 1

exp. 2

exp. 3

exp. n

STEP 2

combination of
experiments

A

Er_'amb.g' =

Zl’.r.-'i E-,:
i=1

\

T

>

1=1

2
i

7

<<
)
o
>
]
[
O]
O
c
©
@)




Ao N THE W 0

pewase 0L
souminow R BN 0
el | D P P
sspouydwd| IlIIE DT HEC R BT
wnupseipaw 0 NN
Sl [ P P

seacued BN 1 0 W W

‘Bun| - HEEEEN L]

Japperq Ateutn NENEY EEEE e
puelbprokyy TR A
puepaiersoid @ W0 [
‘ueig [N EEENENEEEESE™
yewors BN 0 0 W0

wseasc [
EEEE 0 EE

feao

poolq

511531

L3N X1a1a2
50U ‘YinoLu
uojos

sapou yduk)
WwnuiseIpaw
Jan]

N weve BT HET TN

sealoued
sun i HEE TR TN
s seppeig eun NN BE BR[| TEW
pueppoaip| I [ W
C pusbormsod| ML W
o werg VN HHEHEEER""HE "HEN
Yoewols .-. .-.-..-.-.
» 1se3.1q ﬂﬂlﬂﬂlﬂ“ﬂ.ﬂ.ll‘
t B e e ﬁ m - m [} % m m M
S 0< oW S=Sznam s
c L
- - ~ N N N ~
Y— —
— C
= 8
(@)
o e 2
(7] N 4] (7))
O AR TENE
) cC = (@) C
MW (()) o) - o
n bt (@)] m 4+ -+
o S c .
) =
g ®© © + S o)
O © ) © o O
— o
W [ — C
~d (© (D) -
- g 2 3
o Yoy ® %
@)
@)

]
-
-
4
-
4
-
4
-
4
-

AMPLIFICATION
0.05 1

p-value

UP-REGULATION




hdeJu3q Analysis at different levels

Experiments for lung tissue

Biological modules

Functional Modules
Regulatory Modules
Oncogenomic Modules

fearman AS et al., 2005

Ishikawa ™ at al, 2004
Budach Wt al., 20048
Bockens Mool al,, 2008
Oehan E e al, 2005
Spirg A ool al, 2007
Rosskapt M el al., 2004
Maorha ™ et &l., 2007

U L et al, 2007

Landi MT et al., 2008

Stearman AS et al., 2005

Budach Wat al.,, 2008
B Goclens M et al, 2008
Oehan E &l al., 2005
Spira Aol al, 2007
Moriva ¥ et al., 2007
.su L &t &l 2007

Landi MT &t al., 2008
Ishikawa™ et al, 2004

B Rasskapt M of al., 2006

( mopuLEanavsis ) —  Celopce [N

cell cycle genes

(  comeinsTioN )

Cell cycle N | | 7] [y
p53 signaling pathway | B0l E Hoe| |
] ECM-receptor interaction [ ] B 2] H B
g Antigen processing and presentation [ | B
E Bladder cancer B |l i3
E Systemic lupus erythematosus [ | H E BHE
Type | diabetes mellitus [T NEREEERENEEETH
= IR - N e -
SS8EFEEEoEiEER5E 3
— o BT wmEZm O o = =
c = Sco T o@ME WS
= == E 2 4 oo =
= - el T3
E = o W [T
= L EB £
nd 52
E
1]
i



hWdeJu3q Correlation between cancer types

correlation at the level of genes

lymph nodes
thyroid gland
e ~ urinary bladder upregulation
. prastate gland
Raw data processing liver
N J avary
4 ™ PEFEreas
. . lurg
Cancer related genes identif. ormach
- o breast
( h brain
Cancer related modules identif. mouth
N ) colon
- ~ testis
CErvin uteri
Combinations mediastinum
N Y hema.and reti.s
( N PRI TETEECSSEIES
Correlations ﬁ '—:.,E 3= 8¢c2 ES2 28538 %
E_-E g g & -
- o ES5Z 28 ¢
=E EE E «
54 E
o

0 02 04 045 0B 1

correlation coefficient



hWdeJu3q Correlation between cancer types

correlation at the level of genes

lymph nodes
thyroid gland
p ~ urinary bladder upregulation
. prastate gland
Raw data processing liver
N / avary
4 N pancras
. . lurg
Cancer related genes identif. stormach
N J _
6 h Brain |
Cancer related modules identif. mauth
q ) colon
p N testis| |
CErvin uteri
Combinations mediastinum | |
N Y hema.and reti.s
s N g 2|5 kTS gc SceTE
& sfFSEZE s2FEaR
Correlations g E SE-ESR E955g %
~ / E S5 g E g
= E|E E o
5 E
£

0 02 04 045 0B 1

correlation coefficient



hWdeJu3q Correlation between cancer types

correlation at the level of patheays

lymph nodes
thyroid gland
~ ~ urinary bladder upregulation
. prastate gland
Raw data processing liver
N J ovary
- N parcreas
. . lurg
Cancer related genes identif. stomach
- o breast
6 h brain
Cancer related modules identif. mouth
\ ) colon
- ~ testis
CErvin uteri
Combinations mediastinum
N Y hemaand reti.sys
Ho ST g epBgtEe £ M oos = o
( _ ) §5352 553883852
Correlations CTE2T e 587 EVTxETE
BEE - i =
- J ESStE 8325
=E£EE E 3
a & E

0 02 04 045 0B 1

correlation coefficient



IntO gen Overview

= N N ™
%~ Oncogenomics Data ”‘ Clinical Annotations Genomic Annotations
==
» Transcriptomic alterations « Ensembl
* Copy Number Variation alt. International Classification * GO
* Mutations of Diseases for Oncology * KEGG
* Epigenomic alterations ...
- AN AN /
-~ R N
' Statistics Visualization &
Exploration
« Raw data processing
- Cancer related genes www.intogen.org

identification
e Cancer related
modules identification
« Combinations
e Correlations

; GiTools
www.gitools.org

1 N  BioMart service
o s * DAS server
e 22 ¢ SOAP-WS

\ / - /




intOZen

BETA

Home Browser Help About

Integrative OncoGenomics

IntOGen, a discovery tool for cancer researchers, is a resource thal integrates multidimensional OncoGenomics Data for the
identification of genes and groups of genes (biological modules) involved in cancer development.

Please note: IntOGen is UNDER DEVELOPMENT. The results shown are praliminary and the browser
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%intogen Concluding remarks

 IntOGen is a novel framework for Oncogenomics data
Integration and analysis

« [tintegrates many tumor types and different types of
alterations in a common framework

« |t explores the data at different levels, from individual
experiments to combinations of experiments, and from
Individual genes to biological modules

« The system is updatable, flexible and extensible

« Itincorporates an intuitive web system designed to be a
discovery tool for cancer researchers (www.intogen.org)

« It will allow to store, analyze and visualize data coming
from next generation sequencing technologies
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