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Many possible solutions exist that each explain the data equally well 
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 Strategies to deal with problem of underdetermination 

– Constrain search space: Chapter 6 

– Consider ensemble of solutions: Chapter 3, 5 
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Ensemble methods 

  

• Consider multiple possible predictions from the data 

(Generative mechanism) 

  existing methods (one or multiple methods) 

• Combine predictions in an intelligent way  

 (Consensus function) 

  Goal 1: improve accuracy 

  Goal II: extend breadth predictions 

Goal PhD: improve shortcomings existing network inference 

methods by using ensemble strategies 
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Query-based biclustering 
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Find  genes coexpressed with query  

and select the relevant conditions  

(„biclustering‟) 

[Slide: courtesy of Lore Cloots] 
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Query 

[Dhollander et al., 2007] 

Query-based biclustering 

[Thijs et al., submitted] 
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Ensemble strategy for query-driven biclustering:  

split and merge strategy 

De  Smet,  R.,  Marchal,  K.  (2010).  An  ensemble  method  for querying  gene  expression  compendia with  

experimental  lists. Accepted for  publication  in  proceedings  of  the  IEEE  International  Conference  on  

Bioinformatics and Biomedicine.  
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• E. coli ChIP-chip experiment: Chapter 3 
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Biological case study: E. coli ChIP-chip experiment 

ChIP-chip: 

• False positives 

• Functional vs. non-functional binding 

 
QDB + ensemble: express confidence in outcome ChIP-

chip  
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Biological case study: E. coli ChIP-chip experiment 

90 genes bound by FNR 

[Grainger et al., 2007] 

61 genes 

12 biclusters 
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Module networks procedure [Segal et al., 2003] 
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Module networks procedure [Segal et al., 2003] 

Module: set of coexpressed genes (condition-specific) 

Regulatory program: regulators that explain expression pattern 

module genes 
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Stochastic LeMoNe 

Michoel, T., De Smet, R.,  Joshi, A., Marchal, K., Van de Peer, Y. (2009).  Reverse-engineering  transcriptional  

modules  from  gene expression data. Annals of the New York Academy of Sciences, 1158, 36-43.  

 

Joshi, A., De Smet, R., Marchal, K., Van de Peer, Y., Michoel, T. (2009).  Module  networks  revisited:  

computational  assessment  and prioritization of model predictions. Bioinformatics, 25(4), 490-496. 
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• What are the consequences of using an ensemble approach? 

 

• How does LeMoNe compare to other network inference 
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Consequences ensemble 

165 known  

~ 200 putative 

Faith et al. (2007) 

Ranking biologically 
meaningful? 
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Simplifying biological reality 

Reduce search space = possible number of interaction that needs to 
be evaluated 

Stochastic LeMoNe CLR 
[Faith et al., 2007] 
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Comparison complementary approaches 

Michoel, T., De Smet, R.,  Joshi, A., Van de Peer, Y., Marchal, K. (2009). Comparative analysis of module-based 

versus direct methods for reverse-engineering  transcriptional  regulatory  networks.  BMC  Systems Biology, 3, 

art.nr. 49, 49.  

 

De  Smet,  R., Marchal,  K.  (2010).  Advantages  and  limitations  of current  network  inference methods. Nature  

Reviews Microbiology,  8,  717-729. 
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Conclusion 

• Query-based biclustering: extend application to gene lists 
heterogeneous in their expression profiles 

 

• Stochastic LeMoNe: biological meaningful ranking 

 

• Comparison NI methods: illustration complementarity  future 
efforts: use ensemble to exploit the complementarity of the 
approaches 
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