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Integrating heterogeneous data 

Integrating heterogeneous data poses several problems: 

•  comparing results of different types of techniques 

•  comparing results between experiments 

Information we want to collect:  

•  where and when a gene is expressed 

•  with which confidence   
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Mapping expression data to ontologies:  

•  data annotations: need for manual curation 

•  data granularity: need for ontologies 

•  experimental factors: limitation to “normal” conditions 

Integrating heterogeneous data 
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Expression confidence:   

Bgee currently includes EST, Affymetrix, and in situ hybridization data 

For each data: assign a level of confidence (low, high) 

Require dedicated statistical tests 

Integrating heterogeneous data 
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Expression confidence:  experiments based on tag counting 

High confidence: number of tags significantly ≠ 0 

⇒  Gene expressed with 95% confidence: 7 tags mapped to this 
gene (Audic and Claverie, Genome Res., 1997) 

⇒  Low confidence: 1 to 6 tags 

⇒  High confidence: ≥ 7 tags 

Integrating heterogeneous data 



http://bgee.unil.ch/


Expression confidence:  Affymetrix data 

All probes mapping to the same transcript 
= a probeset  

Gene significantly expressed: 
probeset signal  ≠ background signal 

Integrating heterogeneous data 
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Expression confidence:  Affymetrix data 

Critical point: estimation of the background signal 

• Use of the gcRMA algorithm to normalize the signal 

• Use a subset of weakly expressed probesets for estimating the 
background 
(Schuster et al, Genome Biology, 2007) 

Wilcoxon test: probeset signal vs background signal 

Low confidence: 1% < p-value ≤ 5% 

High confidence: p-value ≤ 1% & consistency of all probes 

Integrating heterogeneous data 
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Bgee: dataBase for Gene Expression Evolution 

perform high throughput analyses of gene 
expression patterns. 

Requirements: 

1- integration of heterogeneous 
expression data 

2- comparison criteria between 
anatomies, developmental 
stages, and genes 

Orthologs from Ensembl 
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Homology relationships between anatomies 

Evolutionary approach => appropriate comparison criterion: 
homology 

Homology: two anatomical structures within different organisms 
which originated from a structure of their common ancestral 
organism. 



http://bgee.unil.ch/


Homolonto 

-Software to generate homology relationships 
- Pairwise alignments of species-specific anatomical ontologies 
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Test case: Xenopus-zebrafish ontologies 
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-Homolonto: generates pairwise relationships between ontologies 

Generating a multi-species ontology 

ZFA:0000008 brain  

XAO:0000010 brain  

EHDAA:2629 brain 



http://bgee.unil.ch/


-Homolonto: generates pairwise relationships between ontologies 

ZFA:0000008 brain  

XAO:0000010 brain  

EHDAA:2629 brain 

-Merging pairwise alignments: generates groups of homologs 

ZFA:0000008 
XAO:0000010 
EHDAA:2629 

HOG:0000157 brain  

Generating a multi-species ontology 



http://bgee.unil.ch/


-Homolonto: generates pairwise relationships between ontologies 

ZFA:0000008 brain  

XAO:0000010 brain  

EHDAA:2629 brain 

-Merging pairwise alignments: generates groups of homologs 

=>List of Homologous Organs Groups (HOGs) 

ZFA:0000008 
XAO:0000010 
EHDAA:2629 

HOG:0000157 brain  

Generating a multi-species ontology 
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-HOGs need to be structured as an ontology to allow reasoning 

-At a minimum, relationships amongst them have to be designed 

=>Algorithm to infer relationships between HOGs 

HOG:0000157 brain  

HOG:0000383 forebrain  HOG:0000070 hindbrain  

part_of part_of 

Generating a multi-species ontology 
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Inferring relationships between HOGs 

Retrieve all 
paths 

HOGs 
composition 

statistics 

Reconciliation 
between 
ontologies 

Removing   
cyclic 

relationships 

Removing 
redundancies 

HOG 
ontology 

User input 

User input 
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Use of Homolonto, followed by a curation process:  

-4 species: human, mouse, zebrafish, Xenopus 

-6 ontologies: ZFA, EHDAA, EV, EMAPA, MA, XAO 

HOG ontology in OBO:  

-1241 HOGs, 311 with description, 400 with synonyms 

-1595 relations, 367 part_of, 12 is_a, 1216 broader_than 

External Mapping file:  

-involving 5314 anatomical structures 

-all manually reviewed, with evidence codes and references 

HOGs in Bgee 

remarks and corrections are welcome! 
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Mapping of the developmental ontologies 

To compare expression patterns, comparisons:  

•  between homologous organs 

•  at equivalent stage of development 

Heterochrony: impossible to identify homologous stages 

(i)  First somite 
(ii)  Nasal placode 
(iii)  Optic cup 
(iv)  Heart loop 
(v)  Thyroid depression 
(vi)  Spleen anlage 
(vii)  Forelimb buds 

(Jeffery et al., Evol Dev., 2002) 
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Solution:  

identify key events of development, common to all vertebrates 

=> Ontology of “metastages” 

Mapping of the developmental ontologies 

All metastages


Embryo
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Organogenesis


Post-embryonic development


Adult
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Bgee database 

100% 100% 

65% 63% 

51% 36% 
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Example: Pax-6 and the eye 
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Example: Pax-6 and the eye 
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Example: Pax-6 and the eye 

It works 
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To compare gene expression between species, Bgee includes: 
•  integrated expression data 
•  homology relationships between genes 
•  homology relationships between anatomical terms 
•  relationships between developmental terms 

Conclusion & Perspectives 

Bgee is available at: http://bgee.unil.ch/ 
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To compare gene expression between species, Bgee includes: 
•  integrated expression data 
•  homology relationships between genes 
•  homology relationships between anatomical terms 
•  relationships between developmental terms 

In progress: 
•  miRNAs 
•  analogy (homoplasy) and deep homology relationships 

–  classification of relevant types of relationships 
–  management of pairwise (non transitive) relationships 
–  integration of Drosophila 

•  differential gene expression 
•  programmatic access 

–  DAS ready, SOAP in progress, EMBOSS access in progress 

Conclusion & Perspectives 
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