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Current & Future Projects Applying Metabolomics 

Mode of action of bioactive substances 
Aliferis and Jabaji, 2011 PBP; Aliferis and Chrysayi 2011, Metabolomics; 

Aliferis and Chrysayi, 2006 JAFC 

Interactions in biological systems 
FQRNT Equipe 2011-2014 

Plant and pathogen resistance 

Pathogenicity of microorganisms 
Aliferis and Jabaji, 2011 Nat Biotechnol., Subm. 

  

Protein crystals Plant-pathogen interactions 



Current & Future Projects Applying Metabolomics 

Toxicology-ecotoxicology 
Aliferis et al., 2009 Chemosphere 

 

Genome Canada Project-phytoremendiation 

Taxonomy of microorganisms 
Aliferis and Jabaji, 2011 Metabolomics, Subm. 

 

Pesticide R&D 
Aliferis and Jabaji, 2011 PBP; Aliferis and Chrysayi 2011, Metabolomics; 

Aliferis and Chrysayi, 2006 JAFC 

Risk assessment of GM organisms 

Food science 
Aliferis et al., 2010, Food Chem. 

GM canola (MAPAQ project with Dr J. Singh) 

Substantial equivalence was introduced by OECD and FAO as a 

reliable indicator of GM food safety assessment 



Current & future projects applying metabolomics 

Climate change, drought/salt tolerance 

Human-animal physiology and diseases 

Chen M et al. 2008 http://www.myessentia.com/blog/tag/climate-change/ 

http://www.iatmo.org/presentazioni/pdf/Conti.pdf 

http://www.myessentia.com/blog/wp-content/uploads/2010/08/climate-change-animation.jpg


The Jigsaw Puzzle of Systems Biology 

“the whole is not represented by the sum of its components”  

Aristotle 384-322 BC 



Facilitate the profiling and functional characterization of biomolecules in complex 

biological systems 
 

Retain all the advantages of more classical genomics/proteomics approaches  
 

Gain the capacity to elucidate endogenous biochemical activities for 

genes/proteins via metabolite profiling 

Why Integration of “omics” 



Integration of “omics”, but how? 
 

1) Bioinformatics software (i.e., Simca P+, Cytoscape) and databases (i.e., BioCyc) 

Correlation between metabolites, enzymes and genes 

 

 

 

 

 
 

 

2) Multivariate analyses of combined metabolomics-proteomics (i.e., shotgun 

proteomics) or transcriptomics data: discovery of trends between metabolite level 

changes and gene expression 

Byleslo et al., 2007 



Bioinformatics software (i.e., Simca P+, Cytoscape) and databases (i.e., BioCyc) 

Correlation between metabolites, enzymes and genes 



Global Metabolic Network of Potato 



Metabolic Networking of Potato-R. solani Interaction 
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SGNU269148, SGNU269149, 

SGNU287228, SGNU287229 

SGNU270961, SGNU270962, 

SGNU270963, SGNU269148 

http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU269148
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU269149
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU287229
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU270961
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU269148
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU270962
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU269148
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU269148
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU270963
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU269148
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU269148
http://pathway.gramene.org/POTATO/NEW-IMAGE?type=GENE&object=SGNU269148


2. Multivariate analyses of combined metabolomics, 
shotgun proteomics, or transcriptomics data 



• Not all systematic variation in the X-block (e.g., metabolomics data set) is 
related to the Y-block (e.g., transcriptomics data set) 

 

• The new „O‟-methods, OPLS (Orthogonal PLS) and O2PLS (Two-way 
Orthogonal PLS), are able to divide the systematic X-variation in two parts: 

• What in X is correlated to Y (predictive variation) 

• What in X is not correlated to Y (orthogonal variation) 

• What in Y is not correlated to X (orthogonal variation) 

 

• The orthogonal variation is important information for the total understanding 
of the studied system or process 

 

The Concept of Orthogonal Variation 



Introduction to OPLS/O2PLS 

• Regression challenge 
PLS and OPLS are unidirectional, i.e., X → Y 

 

• Integration challenge 
O2PLS is bi-directional, i.e., X ↔ Y 

 

• Differences in preferred terminology 
OPLS: Predictive & Orthogonal variabilities 
O2PLS: Joint & Unique variabilities 

 
 



• The primary objective of O2PLS is the integration of data in the two-block (X/Y) context and 
understanding of which information overlaps between the two data sets and which 
information is unique to a specific data set (X or Y) 
 

• O2PLS accomplishes this task by incorporating three types of components,  

• components expressing the joint X/Y information overlap,  

• components expressing what is unique to X, and  

• components expressing what is unique to Y 

O2PLS 



Integration of RNAseq with 1H NMR Data Sets Reveals 

Differential Regulation of Soybean Primary Metabolism in 

Response to Rhizoctonia Foliar Blight 

Aliferis et al. 2016. Plant Cell, Subm 



Soybean-Rhizoctonia Foliar Blight Pathosystem 

•R. solani AG-1 1A 

 

•Necrotic fungal pathogen 

 

•Up to 60% annual yield losses on soybean 

 

•Little knowledge on soybean defense 
mechanisms 



INPUT 

OUTPUT 

TRANSCRIPTOMICS METABOLOMICS 

NMR resonance signals 

PLS coefficient plots 

Fastq sequence files 

Heat map 

O2PLS 

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=ZNoTViE9hkzR_M&tbnid=yaVDv6rRGVk4kM:&ved=0CAUQjRw&url=http://132.216.43.35/&ei=VW_EUZfGOoXJ4AOwoIHABA&bvm=bv.48293060,d.dmg&psig=AFQjCNGbuVJ0sxItp3EQHAwEHUPHKqLVtw&ust=1371914321191524
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Beta-glucosidase activity 
Response to chitin and organisms 
Flavonoid biosynthesis 
Terpenoid biosynthesis 
Phenylpropanoid biosynthesis 
Carbohydrate and polysaccharide 
metabolism 
Oxidoreductase activity 
Pyridoxal phosphate binding 

L-phenylalanine biosynthesis 
Response to microbial phytotoxins 
and fungi 
Programmed cell death 
Glyoxylate cycle 
Lipoxygenase activity 
Carbohydrate catabolism 
Regulation of translation 
Alkaloid biosynthesis 
 

Photosynthesis and response to 
light (red, far red, blue) 
Amino acid metabolism (L-serine, 
glutamine, threonine) 
Calcium transport and binding 
 
Systemic acquired resistance 
Response to hydrogen peroxide 
Antioxidant activity 
Response to SA, ethylene and IBA 

258 DE genes 

 55 down-regulated 

 203 up-regulated 

  

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=ZNoTViE9hkzR_M&tbnid=yaVDv6rRGVk4kM:&ved=0CAUQjRw&url=http://132.216.43.35/&ei=VW_EUZfGOoXJ4AOwoIHABA&bvm=bv.48293060,d.dmg&psig=AFQjCNGbuVJ0sxItp3EQHAwEHUPHKqLVtw&ust=1371914321191524


O2PLS Score Plot  

(JOINED METABOLOMICS-TRANSCRIPTOMICS) 

INFECTED LEAVES CONTROL LEAVES 

PC1 

PC2 



O2PLS Loading Plot-Identifies Joint Variation 
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• O2PLS is suitable for analyzing data from different platforms. 

 

• O2PLS highlights potential mechanisms whereas OPLS highlights 
potential biomarkers 
 

• The same approach described here can easily be applied to other 
varying data sources, for example, transcriptomics vs. 
proteomics data etc 

Conclusions 



Freely available software for metabolomics  

data analyses and visualization 

Aliferis and Chrysayi, 2011, Metabolomics DOI:10.1007/s11306-010-0231-x 



Metabolomics in Systems Biology:  

Are we there yet? 

Systems Biology    40 km 
Metabolic maps    30 km 
Automatization    15 km 
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