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What are pathways?







• Proteins are not genes
• Proteoforms:

• Modifications

• Signal peptides

• Isoforms

• Mutations

• SNPs

• Location

• Degradation

Challenge I : Proteoforms



• Database bias

• Researcher bias

• Selection bias

Challenge II : Biases
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• Databases are not fixed

Challenge III : Changing Databases

March 2019

March 2020
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Same result..?







• Pathway quality is variable
• Nature paper vs. Student project?

• How many peptides? How many spectra?

• Which database?

• What statistics?

• Which experimental protocol?

• …

• Electronically inferred..?

Challenge IV : Data Quality

Khatri et al.: Ten years of pathway analysis: current approaches 
and outstanding challenges. PLoS Comput Biol. 2012;8(2):e1002375. 



Commercial = better..?



Burger et al.: J Proteome Res. 2018 Nov 2;17(11):3801-3809



Reactome - curated and peer-
reviewed pathway database



What are interaction networks?

Pathway Network

reactome.org



Pathways in 1934



Pathways in 1960



Pathways in 1970



Pathways in 1985



Pathways in 2000



Pathways in 2017



Pathways 1934 - 2017

Burger et al.: J Proteome Res. 2018 Nov 2;17(11):3801-3809



What are pathways?

vs



Hernandez Sanchez, Burger et al. (in review)



The proteoform-centric paradigm



Pathways have post-translational modifications

reactome.org
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How many post-translational modifications?



Proteoforms can differentiate the 
different functions of a protein

VS

Phosphorylated

Glycosylated

Methylated

Ubiquitinated



Proteoform-centric interaction networks 
show more accurate topology

Hernandez Sanchez, Burger et al. (in review)



Proteoforms provide more 
specific pathway results

Hernandez Sanchez, Burger et al. (in review)



Try it yourself: PathwayMatcher!

• Proteoform-centric command line tool:
• Pathway search and over-representation analysis

• Export protein and proteoform interaction networks

anaconda.org/bioconda/pathwaymatcher

hub.docker.com/r/lfhs/pathwaymatcher

github.com/PathwayAnalysisPlatform/PathwayMatcher

Hernandez Sanchez, Burger et al. (in review)



Proteomics data + Proteoform networks..?

+ =     ?



Pathways to heaven..?




