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¥ Introduction

% why gene networks
¥ co-expression analysis as a tool for gene network
reconstruction

@ CoExpress tool
% goal and tasks
¥ technical details

@ mRNA - mRNA: public data analysis
% public data processing pipeline
4 functional validation
¥ statistical validation

¢ miR - mRNA: 8 cell lines
% data description
¢ demonstration of data analysis
¥ functional validation
¥ statistical validation

® Conclusions and future plans
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¥ GENE NETWORKS: CAN A BIOLOGIST FIX A RADIO?

cre
CENTRE DE RECHERCHE PUBLIC Classical Exam ple*
Biological system: outside Biological system: inside

MIC |

Reality

Current GN Representation __

R 7}
ANTENNA 100k G1z 1
i !
/ 6.2v ) »

. . — GBI { 108
Signals =g MIC == SRC = U-MIC 4= RIC =t~ Other signals

SRR = g
b

©e 22n 50 OHMS

] OUTPUT
$rin
+ 390K

L=

3
. 4
Sound expression 108K tooKe T TUNE VOLTS

LuciLinx 2010 *Y. Lazebnik, Cancer Cell, 2002, 2, 172-182



crpf GENE CO-EXPRESSION

SANTE

CENTRE DE RECHERCHE PUBLIC

Experiments Co-expression
; network

Public data

New interactions
F}) (pathways)

‘ Better predictors
(markers)

4

Analysis 3

Disease-related
pathways

Known gene networks
and P-P interactions

Databases

Disease-causing
genes

LuciLinx 2010 www.bioinformatics.lu



—

Cr p\f GENERAL “PIPELINE”

SANTE

CENTRE DE RECHERCHE PUBLIC

$==lIl Co-expression analysis

Co-expression

network )
ERECEEEREERERES Topology anaIyS|S
e — Databases

“ Network of
interactions

Databases:
PPI, TF

“ Causal gene

LuciLinx 2010 www.bioinformatics.lu



crpl

CENTRE DE RECHERCHE PUBLIC

CO-EXPRESSION

Golub's leukemia data

Co-expression analysis

2

Co-expression
network

Network of
interactions

% Causal gene

LuciLinx 2010

www.bioinformatics.lu



oo p\f CO-EXPRESSION
e Two Ways to Look on Co-Expression

‘ Gene A CE matrix

CE analyms}»

J Gene B

Many tools exist, to nhame just a few:

% ARACNe method (Margolin, 2006)
¥ LeMoNe: learning modular network (Michoel, 2009;De Smet, 2010)

..but not user-friendly and easy-to-install ©
4 StarNet2: web-based analysis using the large set of preselected

public data (Jupiter, 2009)
...but not with user-data

And almost no tools for the moment works with the second approach:
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¥ “CoExpress” SOFTWARE TOOL
EEEEEEEEEEEEEEEE B Goal and Features

Goal: develop a friendly tool for the interactive analysis of
gene-gene, gene-miR (and even gene-protein) co-regulations

Features of the current version
¢ User friendly (Windows version), multithread (Linux version)
¢ Fast linear normalization or customized R-based preprocessing (optionally)
¥ Interactive comparison of gene expression profiles

4 Building and visualization of CE matrix using Pearson correlation or mutual
information metrics;

4 Data export into SIF format of Cytoscape for network visualization

% Comparison of detected miR-mRNA pairs with TargetScan predictions
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o pT “CoExpress” SOFTWARE TOOL

CoExpress: freely available at bioinformatics.lu
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cro F “CoExpress” SOFTWARE TOOL

Technical Notes

CoExpress

Y

Windows-based: Linux-based:
graphical, user friendly tool fast, multithread command-line tool
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Application |
MRNA — mRNA
Analysis of a Big Public Dataset

mRNA arrays

1 Gene A CE matrix

[CE analysis ]»

J Gene B
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¥ ANALYSIS OF THE PUBLIC DATA
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C( p\f ANALYSIS OF THE PUBLIC DATA

Validation with STRING 8.3 (string-db.org)
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ANALYSIS OF THE PUBLIC DATA
Validation with IPA®
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E ANALYSIS OF THE PUBLIC DATA

CrEl

Statistical Validation
Bootstrapping Permutation-based FDR

»> 10% of the randomly selected » Values for each gene are

microarrays are removed at each iteration. permutated: assigned to random

> At iteration CE events with r < 0.7 are microarrays.

penalized (set to zero) » FDR can be calculated from average
number of genes and CE events

> Only CE events with average | r| > 0.8 detected for such permutated data.

are taken.

Genes (nodes)

Single run Bootstrapping
1052 1048

CE events (links/edges)

Single run Bootstrapping
4471 4436

- ]
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Distribution of CE values
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Lists contain 1054 unique elements 0.2
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Lists contain 4477 unique elements
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Application Il
MIR — mMRNA

Demonstration of CoExpress on our Results

mRNA arrays e &

1GeneA m
[CE analysis J» ==

2 J miR X
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oo p\i‘r‘ miR — mRNA CO-REGULATION ANALYSIS
EEEEEEEEEEEEEEEE crue Data Coming from 8 Cell-Lines

We have selected 8 cell-lines:

A375, FM55M1, FM55P, HL60, HTC15, IGR37, IGR39, MCF7

and take 2 samples (biological replicates) for each resulting in
16 samples in total

16 mRNA arrays

8 cell-line 8x2 replicates

=

Samples obtained from S.Kreis, microarray experiments performed by N.Nicot at Microarray Center, CRP-Sante
LuciLinx 2010

www.bioinformatics.lu



SANTE

>

(

u

CENTRE DE RECHERCHE PUBLIC

D

-Lines

miR — mRNA CO-REGULATION ANALYSIS
Data Coming from 8 Cell
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Cr F—‘\“r DEMONSTRATION

¥ Load and preprocess the data for 8 cell-lines
<% table and statistics
@ filtering
% normalization and R-based preprocessing

¥ Gene view
# miR-miR, mMRNA-mRNA
# miR-mRNA: mir-182 and MITF (Xu, Biol.Chem., 2007)

& Calculate CE
¢ miR-miR, mMRNA-mRNA (start)
# miR-mRNA
@ data export to text and Cytoscape

@ CE map viewer
4+ selection the top co-expressed genes
¢ manual check with gene view

Run CoExpress
¥ total number of proved predictions

@ Comparison with TargetScan
¢ mir-by-mir search
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crpf FUTURE PLANS
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# Finalize manual and get a B L L E1x]
publication © i K O ©

Data  Statisitcs enes  CE Maps Metworks Settings Help About Exit

¥ Develop a cross-platform version = Lond Dota | | [DataS8EE ] e mateie S| st 232 )
. data_filename. kxt Correlation Correlation {paired)
4 use Qt SDK (N0k|a) — o4&/ Filter Data Threshold: 0.9

Size: 71341 x 16 Threshold: 0.9

Tatal: 1231234 njfa: 234 Power: 1 Power: 1
0 use pth read | | bra ry for mu Itl -C P U 518 Normalize mf:::;;;d EE events: 1254143 CE events: 1294143
. . . . = Used: 8123 genes: 18289 CE genes: 18289
calcu Iatlong in Wi n32 (done in B couoe x| | S
command-line version) Validate CE | | doa floromee | Comelaion

@ use boost library to speed up (done | [ wemme || Fmiues | e

fiftered CE events: 1294143

in command-line version) @ iontomatics] |y | o 1

¥ Enhance the network analysis
part (topology analysis)

¥ Introduce more advanced
bioinformatical analysis

¥ interaction with public DB
¢ miR-gene-TF networks

Interface of the currently developed
version (in Qt SDK)

http://bioinformatics.lu/CoExpress
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