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Interpretation requires context –  

making sense out of gene lists and networks 
 

 

 

Philip Zimmermann, ETH Zurich / NEBION AG 
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Importance of context 

 What does this network represent? 

 

 a time-course? 

 a snapshot in time? 

 a specific tissue? 

 a stimulus or drug response? 

 a response to a mutation? 

 the output of a specific method? 

THE CONTEXT IS OFTEN NEGLECTED! 
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Interpretation requires  

 

CONTEXT 
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Contextual meta-analysis - bringing data into context 

What does my experiment tell me in its own context? 

What does my experiment tell me in the context of other experiments? 

What do my results tell me in the context of 

– Space? 

– Time? 

– Response? 

– Organisms? 
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Flow of a gene expression experiment 

Data storage 

n billion data 

points – 

what‘s next? 

Gene 

expression 

experiment 

(microarray, 

RT-qPCR, 

RNA-Seq) 

100 genes – 

what‘s next? 

Data analysis 
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Interpreting gene lists 

100 genes – 

what‘s next? 

Pathway Analysis 

Gene Set Enrichment Analysis 

Clustering, PCA, SVM, etc. 

Contextual Meta-Analysis 

 

[time]   [space]   [response] 



9 

Contextual Meta-Analysis 

Visibility 

Time 

Technology 

Trigger 

Peak of 

Inflated 

Expectations 

Trough of 

Disillusionment 

Slope of 

Enlightenment 

Plateau of 

Productivity 

Contextual Meta-Analysis 

Next-generation 

sequencing 

shotgun proteomics 

microarrays 

RT-qPCR 

metabolomics 

PCR 

Networkomics 

Functional Genomics 

targeted proteomics 

systems biology 

HCS 
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Meta-analysis across public data is difficult 

Main bottlenecks for meta-analytical studies: 

– Different platforms 

– Different protocols, often poorly described 

– Different normalization schemes 

– Different approaches for quality control 

– Different analytical models used during data analysis 

 



11 

Building a standardized gene expression compendium 

Data sources 

Repositories 

Publications,  

Web sites, etc. 

Authors 

Data 

quality 

control 

+ 

normalization 

QC + Norm 

Expert annotation 

with systematic 

ontologies 

anatomy 

development 

stimulus 

mutation 

Annotation 

High quality, 

well annotated and 

standardized datasets 

 

(„meta-analysis ready“) 

Database 
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Annotation of experimental parameters 

SPACE 

TIME 

RESPONSE 

SPACE 

Anatomy ontology 

Factor ontology 

Neoplasm ontology 

Theiler 

stages 

Age 

(days) 
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Why build new ontologies? 

Semantic ontologies 

– complex 

– community specific 

– redundant 

– abstract terminology 

• E.g. ““immaterial anatomical 

entity”, “Cardinal body part” 

– deep trees 

 

 

Application ontologies 

– minimize redundancies 

– minimize abstract terminology 

– shallow trees 

Data matrix Conditions 

Genes 

Data matrix Conditions 

Genes 
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Cross-species compatibility 

Human - Mouse - Rat 

 

 

 

 

 

 

Plant species 
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Data Content in Genevestigator 
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Organism Studies Samples “Conditions” “Genotypes” “Anatomy” “Neoplasm” 

Human 496 25’270 1’023 476 234 734 

Mouse 397 8’104 515 398 230   

Rat 177 4’787 590 53 123   

Drosophila 123 2’391 209 260 48   

Arabidopsis 374 6’290 775 516 63   

Barley 27 1’098 82 36 21   

Rice 13 166 17 14 14   

Wheat 30 915 557 103 19   

Soybean 12 3’091 55 317 26   

Maize 9 249 20 21 8   

Yeast 63 1’798 176 157 4   

E. coli 21 626 119 90 0   
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Meta-profiles 



RefGenes – now published in BMC Genomics 
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RT-qPCR normalizaton – current concepts 
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Mouse liver samples 

Which genes are most stably 

expressed in mouse liver? 



RT-qPCR normalization – concept of RefGenes 
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RT-qPCR normalization – beyond gene panels 
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Selected microarray dataset: 

  

197 mouse liver samples 

 

Example of mouse liver 

Collaboration with M. Docquier and P. Descombes, Univ. of Geneva 



Validation of RefGenes approach 
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RefGenes – essential figures 
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RefGenes – essential figures 
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RefGenes – essential figures 
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Analytical approaches in Genevestigator 

Anatomy 

[space] 

Development 

[time] 

Perturbations 

[response] 

genes which conditions? conditions which genes? 

processing summarized  

data from thousands 

of public experiments 
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Example output 

Development expression  

profile of mouse BRCA1 

experimental 

conditions 

summarized 

from many 

experiments 

Most upregulating 

conditions 

Most downregulating  

conditions 

Anatomical expression profile of human ERBB2 

Response of growth-related genes in Arabidopsis 
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Example 1: conserved gene signatures 

Subtype 1 Subtype 2 

Tumors with identical  

clinico-morphological 

characteristics! 

chemicals,etc. other tumors 
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Biomarker Search 

Identify genes that exhibit specific 
expression characteristics 

 
 

Anatomy 

 

 
 
 

Development 
 

 

 
 

Conditions/ Genotypes 

 



Example 2: heart specific genes  
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Example 2: Troponins T and I 
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Example 2: Troponin T and I 
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Example 3: gene expression in the context of tissues 

Expression data matrix with orthologous genes 

– Human133A (20k), MouseU74Av2 (12k), RatU34 (8k) 

– Ortholog clusters from OMA 

– 1 combination per gene was selected (probe specificity + good hybridization) 

– Total: 2127 unique gene ortholog mappings were created 

 

 

59 common tissue types for human, mouse and rat 

 

 

Number of hybridizations: 9300 Affymetrix arrays 

3 x 59 tissues 

2
1
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Tissue expression across human, mouse and rat 
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(based on 1897 

orthologous genes) 
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Tissue expression across human, mouse and rat 

rat 

mouse 

human 

muscles 

blood cells 

basal ganglia 

pituitary gland 

heart left ventricle 

adrenal gland 

natural killer cell 

lung 

CNS 

spinal cord 

(based on 693  

orthologous genes) 



Expression correlation between H, M, R 
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Scale free structure of tissue correlation networks 
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Most conserved biological processes 
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Tissue profile is predominantly conserved between 

Human, Mouse and Rat 

Similar Anatomical 

Profile 

Similar Level of 

Expression 

25% Yes yes 

65% Yes No 

10% No Yes/No 



Human:  

– 27_1_h 

Mouse:  

– 27_2_m 

Rat: 

– 27_3_r 

– 27_4_r 
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Best sequence match 

Protein sequence Gene expression 
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Take home message 

Contextual Meta-Analysis allows to 

  

– Better interpret your data 

 

– Get better confidence about your results 

 

– Identify highly specific biomarkers  

 

CONTEXT 
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Experimental 

context? 

Organism? 

Data types used? 

Cell type? 

Network dynamics? 

Reproducibility? 



Conclusions 

Contextual meta-analysis gives very valuable insight into the regulation of 

genes across a wide variety of conditions 

 

The integration of human, mouse and rat databases increases the number 

of biological contexts 

 

At the level of tissue expression, there is a high conservation between 

human, mouse and rat. 
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www.genevestigator.com 

OPEN    CLASSIC               ADVANCED 
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