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Exploring gene expression datasets 

Simple analysis methods 

Working with public datasets 

Outline 

2 



Let’s open Cytoscape 

3 

3 



Metabolic&transcriptional profiling pipeline 

4 Artyomov lab Agios 



Macrophages polarization goes with high 
metabolic regulation 

5 



Integrating metabolic and transcriptional data 
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M1 vs M2 module 

7 



8 https://doi.org/10.1093/nar/gkw266 



The analysis outline 
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Let’s go to Shiny GAM 
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https://artyomovlab.wustl.edu/shiny/gam/  

https://artyomovlab.wustl.edu/shiny/gam/


Load the example data 
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Check both 



There are multiple ways to represent reactions as 
a graph 

12 
Reactions as edges Reaction as nodes 



Create a network 
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Click “Make 
 network” 

Download the network 

Reactions as edges 



Start New Session > From 
Network File > 
network.mmu.xgmml 

• or File > Import > 
Network > File 

Layout > Apply Preferred 
Layout (F5) 

 

 

Cytoscape: loading network 
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Cytoscape: editing style 
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Cytoscape: set label style 
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Click to expand option 

Set column to “label” 

Mapping Type: 
“Passthrough Mapping” 



Cytoscape: set shape 
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Click and set to “Ellipse” 

Check “Lock width and height” 



Cytoscape: set fill color 
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Column: log2FC 

Mapping: continuous 

Double click to adjust 
Set to zero 
Color: gray 

Color: 
red 

Color:  
green 



Cytoscape: set node size 
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Column: logPval 

Mapping: continuous 

Double click to adjust 

Double click, 
set to 75 and 35  



Now it’s better 
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Download style XML-file from server: 

• http://artyomovlab.wustl.edu/pu
blications/supp_materials/GAM/
GAM_VizMap.xml  

File > Import > Styles >  
GAM_VizMap.xml 

Select “GAM” instead of “default” 

Styles > Options >  
Make Current Styles Default 

 

Cytoscape: loading style 

21 
Or download from here: 

http://artyomovlab.wustl.edu/publications/supp_materials/GAM/GAM_VizMap.xml
http://artyomovlab.wustl.edu/publications/supp_materials/GAM/GAM_VizMap.xml
http://artyomovlab.wustl.edu/publications/supp_materials/GAM/GAM_VizMap.xml


Cytoscape: loading style (2) 
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Zoom in to Itaconate and Irg1 

23 Reaction ID: R02243 



Look at Irg1 reaction (R02243) at KEGG 

24 http://www.genome.jp/dbget-bin/www_bget?rn:R02243  

http://www.genome.jp/dbget-bin/www_bget?rn:R02243
http://www.genome.jp/dbget-bin/www_bget?rn:R02243
http://www.genome.jp/dbget-bin/www_bget?rn:R02243


25 

The network is too big!  
Let’s try to extract its most 

important part. 



Jelly beans mining problem 
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Delicious! 

OK 

Thanks, no 

… 

… 

http://fineartamerica.com/featured/jelly-beans-background-ken-brown.html 
https://sysbio.curie.fr/bionetvisa/BioNetVisA2014_Presentations/BioNetVisA2014_Oral_Presentations/T
alk08_Mohammed_ElKarib_BioNetVisa_2014.pdf 



Jelly beans mining problem 
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Delicious! 

OK 

Thanks, no 

… 

… 

http://fineartamerica.com/featured/jelly-beans-background-ken-brown.html 
https://sysbio.curie.fr/bionetvisa/BioNetVisA2014_Presentations/BioNetVisA2014_Oral_Presentations/T
alk08_Mohammed_ElKarib_BioNetVisa_2014.pdf 



Generalized maximum-weight connected subgraph 
problem (GMWCS) 
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Alexander 
Loboda http://dx.doi.org/10.1007/978-3-319-43681-4_17 

https://github.com/ctlab/gmwcs-solver/ 



Small p-vaule ->  
positive score 

Close to one p-value -> 
negative score 

FDR thresholds control 
which genes and 
metabolites have positive 
score 

 

Network scoring 

29 



Assign network scores 
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Click “Autogenerate FDRs” 



File > Import > Network > File >  

Ctrl.vs.MandLPSandIFNg.gene.de.re.mf=-0.9.rf=-2.5.ams=-11.7.xgmml 

Layout > Apply preferred layout 

 

Loading module into Cytoscape 
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M0 vs M1 module 
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Save the figure 
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File > Export as image…  

PDFs can be opened in Inkscape or Illustrator 



Open GSE53986.Ctrl.vs.LPS.gct in Phantasus 

Tools/Submit to Shiny GAM 

 

 

Running from Phantasus 

34 
Remember that only expressed genes are present 



The module 
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Open GSE53986.Ctrl.vs.LPS.gct in Excel 

Save differential expression table as a tab-separated file 

Upload to GAM 

 

Exercise: upload data manually 
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We got the M1 vs M2 module, what’s next? 
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UDP-GlcNAc and Glutamine modules 
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Test glutamine involvement by using media 
without one 
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• complete RPMI 1640 
• 10 mM glucose 
• 2 mM L-glutamine, 
• 100 U/mL of penicillin/streptomycin 
• 10% FCS 



Test glutamine involvement by using media 
without one 
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• complete RPMI 1640 
• 10 mM glucose 
• 2 mM L-glutamine, 
• 100 U/mL of penicillin/streptomycin 
• 10% FCS 



Glutamine withdrawal leads to defect in M2 
polarization 
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Glutamine withdrawal affect TCA cycle in M2 
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Oxidative phosphorylation 
 is impaired upon  

glutamine withdrawal in M2 cells 



Glutamine feeds into UDP-GlcNAc  
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Major metabolic fluxes in M2 macrophages 
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N-glycosylation inhibition blocks M2 polarization 
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46 http://dx.doi.org/10.1016/j.immuni.2015.02.005 



Atom transition network 

47 http://maranas.che.psu.edu/research_pathways.htm 



Using atom transitions graph limits “bad” 
connections 
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Any path in an atom graph corresponds 
to a potential reaction flux 



Trem2 KO in BMDM leads to decrease in energetic 
metabolism 

49 Ulland et al, Cell 2017 



https://github.com/ctlab/gatom 

Can be installed and ran in R  

To be available in Shiny GAM 

 

 

GATOM 

50 

https://github.com/ctlab/gatom
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We live in a high-throughput era, 
there can be many conditions! 



Dendritic cells time-course: many conditions, how 
to analyze? 

52 
*Only enzymes shown 
GSE59784, Jovanovic et al, 2015 



Can we identify modules for the expression 
patterns? 

53 
*Only enzymes shown 
GSE59784, Jovanovic et al, 2015 

? 

? 

? 



For some of them – yes!  
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Ctrl 1 2 4 6 9 12 



Glycolysis transcriptionally  
goes up at 12h 
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Ctrl 1 2 4 6 9 12 



Sterol synthesis/degradation  
goes down at 6h 
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Ctrl 1 2 4 6 9 12 



Can find differences in metabolic regulation 
between cell populations 

57 Artyomov et al. Seminars in Immunology 2016 



Pipeline for single-cell RNA-seq 
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Glycolys is regulated in the immunotherapy 
dataset: macrophages getting activated 
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Pkm Aldoa Tpi1 Eno1 Gapdh Pgam1 
Ldha Pgk1 Gpi1 Pfkl Ugp2 Pgm2 



Network integration allows to highlight interplay between enzymes and 
metabolites 

Network visualization (and some analysis) can be done in Cytoscape 

Modules need to be interpreted and validated 

 

Summary 
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