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 Between 20% and 40% of the predicted genes have no assigned function 
(Hanson et al., 2010)  

 

 New challenge is the functional annotation to identify the function(s) of 
each gene  

 

 Functional annotation must be expressed in a shared and controlled 
vocabularies -> use of the Gene Ontology 
 Molecular function 

 Biological process 

 Cellular component  

 

 Functional annotation was first based on structural similarities. It is not 
enough to propose an exhaustive annotation 

 

 New approaches are based on transcriptomic studies because co-expressed 
genes are often involved in a same biological process 

 

 

Current challenge in genomics 



A dedicated transcriptomic dataset 

stress  387 transcriptomic comparisons in dye-

swap dedicated  to stress (2/3 abiotic 

stress and 1/3 biotic stress) 

 

 

All the data generated by the platform 

POPS with the same protocol 

Based on differential analyses, 60% of the genes coding proteins 

have their transcription impacted directly or not by a stress  

 

Large overlap of impacted genes between biotic and abiotic stresses  



Co-expression analysis by mixture models  

Gaussian  mixture 

Matrix by stress 

{ genes x log-ratios} 

Stress category Gene_nb Cluster_nb 

Nitrogen 13 495 59 

Temperature 11 365 34 

Drought 8 143 34 

Salt 5 729 30 

Heavy metal 10 617 57 

UV 7 894 37 

Gamma 5 350  32 

Oxydative stress 10 127 52 

Nectrophic 

bacteria 

11 220 50 

Biotrophic 

bacteria 

12 023 56 

Fungi 9 773 51 

Rhodococcus 1 900 13 

Oomycete 5 508 31 

Nematode 7 413 27 

Stifenia 1 525 17 

Virus 11 832 54 

Data-driven 

method 

  

• number of cluster  

chosen by BIC 

 

• gene classification 

based on the conditional 

probabilities 

~ 700 clusters of co-expression 



approach 

http://urgv.evry.inra.fr/GEM2NET 

http://urgv.evry.inra.fr/GEM2NET


Visualization by type of resource  

Colors indicate  

a biological 

bias 

 

 

 

Size of the pie  

proportional to 

the size  

of the cluster 



Visualization by type of resource  



Visualization by cluster 



Co-expression analysis 

Bioinformatic 

characterisation 
(GO, TFBS, PPI,TF-target, 

bibliome…) 

exp1 exp1 exp1 exp1 exp2 exp2 exp2 exp2 repet repet repet repet

B1 B1 B1 B1 B2 B2 B2 B2 B B B B

A1 A1 A1 A1 A2 A2 A2 A2 A A A A

ID Ired Igreen Rat Pval Ired Igreen Rat Pval Ired Igreen Rat Pval

CATMA1A37915 7,51 11,83 -4,32 0,00E+0 9,40 11,80 -2,39 0,00E+0 8,46 11,81 -3,36 0,00E+0

CATMA1A31690 8,03 12,52 -4,50 0,00E+0 8,55 10,67 -2,12 0,00E+0 8,29 11,60 -3,31 0,00E+0

CATMA3A23710 6,93 7,96 -1,03 7,12E-7 7,92 9,44 -1,53 0,00E+0 7,42 8,70 -1,28 0,00E+0

CATMA1A01050 7,31 8,34 -1,03 7,48E-7 7,83 9,34 -1,52 0,00E+0 7,57 8,84 -1,27 0,00E+0

CATMA3A25110 7,96 9,71 -1,75 0,00E+0 7,80 8,68 -0,88 5,32E-6 7,88 9,19 -1,31 0,00E+0

CATMA4A38190 8,29 10,00 -1,70 0,00E+0 9,14 10,06 -0,92 6,78E-7 8,72 10,03 -1,31 0,00E+0

CATMA4A31760 8,97 9,94 -0,97 9,63E-6 9,65 10,64 -0,99 2,28E-8 9,31 10,29 -0,98 8,79E-7

CATMA2A30750 7,60 8,56 -0,96 1,56E-5 7,84 8,71 -0,87 6,87E-6 7,72 8,63 -0,91 1,46E-5

CATMA3A28360 7,87 8,82 -0,95 2,03E-5 7,96 8,90 -0,95 1,61E-7 7,91 8,86 -0,95 3,12E-6

CATMA3A08930 7,89 10,11 -2,22 0,00E+0 11,05 10,70 0,35 1,00E+0 9,47 10,41 -0,94 5,75E-6

CATMA2A45030 10,00 12,05 -2,06 0,00E+0 12,75 13,11 -0,36 1,00E+0 11,37 12,58 -1,21 5,60E-12

CATMA3A41670 10,02 11,81 -1,79 0,00E+0 11,24 11,72 -0,48 1,00E+0 10,63 11,77 -1,14 3,19E-10

CATMA3A47730 10,79 11,78 -0,99 3,48E-6 11,72 12,27 -0,55 1,00E+0 11,26 12,02 -0,77 4,66E-3

CATMA1A01450 9,31 10,30 -0,99 3,91E-6 8,57 8,84 -0,27 1,00E+0 8,94 9,57 -0,63 4,84E-1

CATMA2A38025 11,99 12,86 -0,87 5,39E-4 13,59 12,74 0,86 1,38E-5 12,79 12,80 0,00 1,00E+0

CATMA1A39180 9,51 10,27 -0,75 2,75E-2 10,59 8,75 1,84 0,00E+0 10,05 9,51 0,54 1,00E+0

CATMA2A32020 12,46 11,36 1,10 2,68E-8 9,41 12,05 -2,64 0,00E+0 10,93 11,70 -0,77 4,58E-3

CATMA1A61630 9,54 8,54 1,01 2,02E-6 7,66 9,03 -1,37 0,00E+0 8,60 8,78 -0,18 1,00E+0

CATMA2A42890 9,94 9,07 0,87 5,19E-4 8,63 9,48 -0,85 2,12E-5 9,28 9,27 0,01 1,00E+0

CATMA4A02835 11,10 8,29 2,81 0,00E+0 8,57 8,71 -0,14 1,00E+0 9,84 8,50 1,34 0,00E+0

CATMA3A23080 10,67 9,44 1,23 5,04E-11 9,78 9,52 0,26 1,00E+0 10,22 9,48 0,75 1,06E-2

CATMA5A05230 9,65 8,78 0,87 4,60E-4 9,84 8,99 0,85 2,03E-5 9,74 8,89 0,86 1,44E-4

nptII 11,75 9,88 1,87 0,00E+0 12,36 8,93 3,44 0,00E+0 12,06 9,40 2,66 0,00E+0

First conclusions   

When considering thousands of genes, Pearson correlation is not the best 

tool 

 

This large-scale co-expression study  

 

- generates biologically meaningful clusters  

 

-performs favorably as compared to those obtained with correlation-based 

approaches 

 



Functional inference by coregulation 

analysis  
Integration 

 

across the 18 stress 

categories 

Annotation 

of orphan 

genes 

Describe groups 

of functional 

partners 

Identification 

of Coregulated 

genes  

Comparing the coregulation network with a random network 

shows that a pair observed more than 3 times is  statistically 

significant and has probably a biological meaning  

Network with gene pairs conserved  in at least 3 stresses:  

 5 626 genes with 713 orphans and 1682 partially annotated genes 



The network with gene 

pairs conserved in at least 

7 stresses is the first 

network showing  

connected components 

 
 

415 genes with 41 orphan genes, 1908 interactions 

Legend 

Coregulated genes 

Orphan genes 

Coregulation network 
(1) (2) (3) 

(4) 

(5) 
(6) (7) 

(8) 

(9) 
(10) (11) (12) (13) 

(14) (15) 
(16) (17) 

(18) 

(19) 



Gene Ontology Enrichment Analysis 

Coregulation modules are more specific and more homogeneous 

Cis-regulatory motifs are found in their promoters 

 Topological analysis = a relevant approach to identify functional modules  

module 1 

Identification of functional modules 
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Network with gene pairs conserved in at least 13 stresses 

 ( 8 genes, 9 interactions) 

These genes are not known to be coregulated 

 

BUT 

 

6 genes share a same TFBS  

indicating that they are under the control  

of a same TF  

 

This motif corresponds to EIN3, involved  

in the regulation of important immune components 

 

Example of functional annotation 



 Model-based clustering allows to understand data 

better than pair-based methods 

 

 Working with homogeneous data is really an ideal 

framework 

 

 All the coexpression studies are available in  

and published in Zaag et al (2015) in NAR 

 

 Modules are relevant to perform a  

functional annotation 

 
 

 

 

 

 

 

 

 

 

Conclusions 


