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A wealth of gene expression data

Other databases

➢ NASCArray (Arabidopsis thaliana)
➢ RED (Rice)
➢ SGD (Yeast)
➢ SMD 
➢ ChipDB
➢ ExpressDB
➢ MCHiPS
➢ ...Array Express (EBI)

➢ 13 268 experiments
➢ 370 011 samples

Gene Expression Omnibus (NCBI)

➢ 18 527 experiments 
➢ 470 592 samples
➢ 7 779 platforms



  

Custom analysis

Tools

➢ Bioconductor Libraries
➢ TMeV
➢ GSEA
➢ Genomics Portals
➢ ...

Analysis types

➢ Normalization
➢ Differential expression analysis
➢ Clustering
➢ Annotations enrichment
➢ Network reconstruction
➢ Data integration

Data browsers

Web sites

➢ Gene Expression Atlas
➢ BioGPS
➢ GEO profiles / GEO datasets
➢ Oncomine 
➢ GeneChaser

Tasks

➢ Display individual gene expression profiles
➢ View clustered datasets
➢ Search for differentially expressed genes

Data mining approaches



  

GEO datasets (NCBI)

http://www.ncbi.nlm.nih.gov/sites/geo/



  

Gene Expression Atlas (EBI)



  

The TranscriptomeBrowser project : 
motivations

Limitations of other approaches

Data browsers :

➢ Often gene-centered
➢ Often only dual analysis
➢ Lack of filters
➢ Limited to a few particular questions
➢ Lack of synthesis / high level view

 Advanced tools / programming 
 languages : 

➢ Often requires bioinformatics skills
➢ Time-consuming

Primary objectives of 
TranscriptomeBrowser

➢ Provide a high-scale view
 relying on transcriptional signatures
 and facilitating meta-analysis 

➢ Re-analyse and organise expression data 
 from public databases (GEO)  

➢ Filter data : only keep genes 
 with interesting changes in expression
 

➢ Unsupervised extraction of clusters 
of co-expressed genes 

➢ Perform exhaustive annotation of clusters
using a large panel of annotation sources. 
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TranscriptomeBrowser pipeline
GEO

Repository More than 
8 samples ?

Stop

Yes

No

6544 datasets
(260,000 samples)

Apply Transcriptional Signature (TS) extraction to 
each Experiment using our locally developed 
algorithm (DBF-MCL).

For each experiment a  set of transcriptional 
signatures that contain co-regulated genes are 
obtained. The number of selected genes and the 
number of TS obtained depend on individual 
experiments.
   

GSE1001

GSE1004

GSE1007GSE1008

GSE1018

GSE1025

GSE1026

GSE1028

GSE3960

GSE1010

Experiment
GSE2004

TS1<-

TS2<-

TS3<-

TS4<-

TS5<-

TS6<-

...

GSE2004

Functional Enrichment analysis
Each Transcriptional Signature is tested for 

functional Enrichment using terms from the 
DAVIDknowledgeBase (KEGG, GO, 
BIOCARTA, INTERPRO,...)

Storage
- Experiment metaData
- Probe metaData
- TS composition
- TS related expression Value

Tbrowser interface

Retrievial and preparation 
of µarray datasets.

 

GSE2004 GSE1456



  

The algorithm behind 
TranscriptomeBrowser

DBF-MCL

➢ The set of genes in an experiment (a set of samples) is seen as a graph.

➢ Goal : to clean a dataset from uninteresting genes and then to extract clusters of 
 co-expressed genes from the resulting dataset.

➢ DBF : density-based filtering

➢ MCL : Markov clustering

➢ Availability : R package on Bioconductor 

 

http://www.bioconductor.org/packages/2.6/bioc/html/RTools4TB.html



  

DBF-MCL step 1 : 
selecting informative genes

Gene-gene distance matrix 
(n x n) Calculate for gene 1..n the 

distances with their kth nearest 
neighbors (DKNN)

Calculate simulated DKNN values. 
Calculate FDR for each observed 

DKNN value

Random

Observed

Calculate the critical value
 of DKNN. 

Gene expression profiles 

Samples

intensity



  

Graph construction :

➢ Only genes that belong to dense regions (DKNN < cut-off) 
 are conserved for analysis

➢ Nodes = genes
➢ An edge exists between two genes if one of them belongs to 

the k-nearest neighbors of the other.

Graph partitionning: 

➢ Markov clustering (MCL, Stijn van Dongen)

DBF-MCL steps 2 & 3 : 
filtering and partitionning



  

DBF-MCL

K-MEANS QT_CLUST CAST

SOM HCL

DBF-MCL performance on a test dataset



  

DBF-MCL performance on a real dataset

 GSE1456 
Public on May 31, 2006 

 Title 
Gene expression of breast cancer tissue in a large population-based cohort of 
Swedish patients 

 Platform 
GPL96: Affymetrix GeneChip Human Genome U133 Array Set HG-U133A 

 Type
 Breast cancer, expression profiling, predictive gene signature, molecular 
classification of cancer

 Summary 
Tissue material was collected from all breast cancer patients receiving surgery 
at Karolinska Hospital from 1994-1996 (n=159 tumors)



  

DBF-MCL performance on a real dataset



  

TBrowserDB

TranscriptomeBrowser hosts a mySQL relational database containing 
transcriptional signatures derived from:

➢ 101 platforms
➢ 54 species
➢ 6 544 experiments
➢ 244 692 samples

➔ 40 151 Transcriptional Signatures
➔ 21 210 053 gene expression profiles stored
➔ 508 465 296 expression values

Programmatic access to the database available through a SOAP webservice :

http://tagc.univ-mrs.fr/services/TBService/TBService.wsdl



  

Annotations

GENOMIC LOCATION

 CHROMOSOME                 
  CYTOBAND

  PATHWAYS
 
 KEGG_REACTION              
 NCICB_CAPATHWAY            
 KEGG_COMPOUND              
 PANTHER_FAMILY             
 REACTOME                   
 BBID                       
 PANTHER_PATHWAY            
 BIOCARTA                   
 PANTHER_SUBFAMILY          
 PANTHER_TERM_BP            
 KEGG_PATHWAY               
 PANTHER_TERM_MF            
 WIKIPATHWAY 

501528 terms derived 
from 50 sources of 

gene annotation

→  Systematic annotation enrichment 
analysis of transcriptional signatures

→ Search with annotation keywords

LITERATURE
 
 PUBMED_ID                  
 HIV_INTERACTION_PUBMED

PROTEIN DOMAINS

 SMART_NAME                 
 COG_KOG_NAME               
 TIGRFAMS_NAME              
 PRODOM_NAME                
 SCOP_ID                    
 PROSITE_NAME               
 COG_KOG_ONTOLOGY           
 PIR_SUPERFAMILY_NAME       
 PFAM_NAME                  
 KEA                        
 SP_PIR_KEYWORDS 

MOTIFS

 PICTAR_4WAYS               
 PICTAR_CHICKEN             
 PICTAR_DOG                 
 TARGETSCAN                 
 TFBS_CONSERVED             
 PICTAR_5WAYS               
 TARGETSCAN_WORM            
 TARGETSCAN_DROSO           
 TARGETSCAN_ALL 

GENE ONTOLOGY
 
GOTERM_MF_ALL              
GOTERM_CC_ALL              
GOTERM_BP_ALL 

DISEASE 
 
 OMIM_PHENOTYPE             
 OMIM_ID                    
 DISEASE                    
 PHENOTYPE 
 GENETIC_ASSOCIATION_DB

MICROARRAY

GENESIGDB                  
 MSIGDB 

  HIV

 HIV_INTERACTION            
 HIV_INTERACTION_CATEGORY



  

Availability

http://tagc.univ-mrs.fr/tbrowser/

TranscriptomeBrowser: A Powerful and Flexible Toolbox to Explore Productively the Transcriptional Landscape of the Gene Expression 
Omnibus Database. F. Lopez et al. PloS ONE. 2008



  

TBrowser interface

Heatmap
parameters

Filters: TS size, Species

Query :
Gene symbol, 
Probe name,
Experiment, 
Functionnal Annotation

Current TS 

Functional
enrichment

Informations: TS, 
experiments, plateform 



  

Currently available plugins

Heatmap

TBneighborhood

KEGG search

TBMap

TBMotifSearch

InteractomeBrowser

TBConvertorAnnotationOverview



  

Integration of TS data 
with interactome data

Plugin InteractomeBrowser

➢ Visualization of interactions of various nature, mined from several databases :

● Protein-protein physical interactions : HPRD, Intact
● Proven regulations of genes by transcription factors (Tfs) : OregAnno, LymphTF-DB
● Kinase-substrate relationships : KEA
● Potential binding of a TF in the promoter of a gene : cisRED, TFBSconserved

➢ Tools for network building and editing
 

➢ Cell-compartment -based layout
 

➢ "On-the-fly" enrichment analysis

➢ Cytoscape export
 

 
➢ Recently used in :
 Sex-Related Differences in Gene Expression Following Coxiella burnetii Infection in Mice: Potential    
Role of Circadian Rhythm, Textoris J,  Ban LH,  Capo C,  Raoult D,  Leone M,  et al., 2010, PLoS ONE



  

InteractomeBrowser : 
cell compartments -based layout



  

Uses of TranscriptomeBrowser

➢ Characterize the function of a gene (thanks to annotations of signatures in which this gene 
is found)

➢ Find potential partners of a gene (frequently co-expressed genes)

➢ Find biological contexts in which several genes are co-expressed

➢ Find genes associated with a combination of biological annotation terms (ex : Cancer + 
regulation of transcription)
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➢ Example : search for targets of XBP1.

➢ Known : XBP1 is activated upon accumulation of unfolded proteins in the 
endoplasmic reticulum (ER stress)

➢ Search for signatures enriched in the term "V$XBP1" from TFBS (p-value < 10-10)

➔ Result : 1 signature, highly enriched in genes involved in "protein folding" and 
"protein transport", and also in genes of the endoplasmic reticulum (GO terms)



  

Example : XBP1 targets
Visualisation with InteractomeBrowser



  

Conclusions

➢ A extensible and unified data mining suite

➢ Meta-analysis of thousands of microarray samples

➢ A synthetic view of the current knowledge on transcriptome

➢ Data integration helps making new hypothesis on gene functions and expression networks

Perspectives

➢ Allow the import of user-provided :

➢ microarray data

➢ annotations

➢ Integrate more data : Chip-seq data, RNA seq data, ...

➢ Develop new plugins for the analysis of TS

➢ Integration with GINsim



  

TBrowser Team and collaborations

   TAGC, Marseille

➢ Denis Puthier

➢ Aurélie Bergon

➢ Fabrice Lopez

➢ Samuel Granjeau

➢ Julien Textoris

➢ Jean Imbert

         ENS, Paris

➢ Denis Thieffry

 CRG, Barcelona

➢ Thomas Graf

➢ Eric Kallin

     IML, Marseille

➢ Elisabeth Remy

➢ Gilles Didier
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