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Define Interacting Pathways for Dark Proteins
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* Interacting pathways: Reactome pathways annotated with
proteins that may functionally interact with dark proteins.

* Functional interactions (Fls): Predicted by a trained random
forest using 106 pairwise protein/gene features.
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relative_impact_score =

average_activation =

average_inhibtion =

perturbation_AUC — reference_AUC
perturbation_AUC + reference_AUC
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Blucher et al. FI000Research 2019, 8:908.

Perform pathway
enrichment analysis

[ Pathway FDRs ]

Convert

{ -Log1 OQFDRS) ]

Enrichment score

* Simulation scores (left): Average relative_impact_scores
calculated via fuzzy logic simulation using Boolean networks

converted from Reactome pathways.

* Enrichment score (right): Results from pathway enrichment
analysis for functionally interacting partners. Fls with score >
0.80 were collected for this analysis.
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Literature Validation of Interacting Pathways
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Distributions of interacting pathway
scores

p = <2e-16 p = <2e-16
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Method

524 Reactome pathways having reactions drawn out in their diagrams were subject

to the systematic analysis.

Two simulations were run for each pathway and each dark protein: One assuming the

dark protein has an activation role (average_activation_score) and another an
inhibition role (average _inhibition_score).

Reactome annotated proteins have significantly higher interacting pathway scores,
recapitulating the functional relationships between proteins and pathways in
Reactome and supporting interacting pathways for dark proteins.
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Illuminating the Druggable Genome with

Placing understudied proteins in the context of biological
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Vist Reactome

Reactome A

pathways facilitates the generation of experimentally testable hypotheses to infer potential functions of these

proteins. The Reactome Pathway Diagram View is a web-based tool, providing a biologist-friendly way to visualize proteins, complexes, and reactions in high-quality
Reactome pathways. In order to put understudied proteins in the context of Reactome pathways, we have extended the Pathway Diagram View to overlay tissue-specific

expression data, protein pairwise relationships, and drug/

target interactions. We implemented new interfaces for users to select tissue-specific mRNA and protein

expression data from 19 data sources collected in the target central resource database (TCRD). The pairwise relationship overlay allows users to display positive and
negative relationships from multiple sources in the same view. We have also implemented a new visualizer via the use of Cytoscape.js, allowing a pathway to be displayed as

a set of functional interactions. Drugs can be overlayed in

our pairwise view and in the new functional interaction visualizer. The new features we have introduced in the

Reactome Pathway Diagram View pave the way for us to predict and visualize functions of understudied proteins based on Reactome pathways.
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pathway score

Literature correlation analysis via NLP using SentenceTransformer

(https://www.sbert.net) for text embedding based on BERT

(https://arxiv.org/abs/1810.04805).
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® % Presynaptic depolarization and calcium channel opening
® % Neurotransmitter release cycle
® %1 U Neurotransmitter clearance
® % Neurotransmitter uptake and metabolism In glial cells
® =%, U potassium Channels
@ % Protein-protein interactions at synapses
® “‘E Organelle biogenesis and maintenance
s AL Programmed Cell Death
® =£: Protein localization
® = Reproduction
® =5 Sensory Perception
® <, U Signal Transduction

® < U Transport of small molecules
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‘ =%: Activation of NMDA receptors and postsynaptic events _ Species: Homo sapiens
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Summation

NMDA receptors are a subtype of ionotropic glutamate receptors that are specifically activated by a glutamate agonist N-methyl-D-aspartate
(NMDA). Activation of NMDA receptors involves opening of the ion channel that allows the influx of Ca2+. NMDA receptors are central to activity
dependent changes in synaptic strength and are predominantly involved in the synaptic plasticity that pertains to learning and memory. A unique
feature of NMDA receptors, unlike other glutamate receptors, is the requirement for dual activation, both voltage-dependent and ligand-dependent
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* Interacting pathways for dark proteins: developed on the top
of Reactome and supported by comprehensive NLP analysis.
* https://idg.reactome.org: Reactome’s web portal for NIH IDG

*Supported by NIH grants U0O1CA239069 and U41HGO003751. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.

AN
\NYU Langone

MEDICAL CENTER

abe
-.. OICR

Ontario Institute
for Cancer Research

o4

OHSU



https://www.sbert.net/
https://arxiv.org/abs/1810.04805
https://idg.reactome.org/

