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Brief Introduction
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THE PREPRINT SERVER FOR BIOLOGY

« Using input genes, pathfindR identifies sets of genes that form
active subnetworks in a protein-protein interaction network

* [t then performs pathway enrichment analyses on the
identified gene sets

e Additionally, clusters these pathways and identify representative pathways
in the clusters
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FAM110A -0.6939359 0.0000034
RNASE2 1.3535040 0.0000101
S100AS8 1.5448338 0.0000347
S100A9 1.0280904 0.0002263
TEX261 -0.3235994 0.0002263

ARHGAP17 -0.6919330 0.0002708
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* Active Subnetwork Search
Algorithms:

* Greedy Algorithm
e Simulated Annealing

* Genetic Algorithm

* Available Protein Interaction
Networks (PINs):
* Biogrid
* GeneMania
* IntAct
* KEGG PIN
* Custom PIN
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* Available gene sets:

* KEGG
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* Reactome

BioCarta
Gene Ontology gene sets

GO -AIl
* GO-BP
* GO-CC
* GO-MF

Custom gene sets

P(X=k) =

Most likely observation

1

Very unlikely
observations

Very unlikely
observations

Observed p-value

data point
~

Set of possible results

A p-value (shaded red area) is the probability of an
observed (or more extreme) result arising by chance
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Oxidative COX7A2, UQCRQ,
hsa00190 Shosphorylation 71.86252 10 3e-07 3e-07 COX6AL, ATPEVOEL, ATP6VOE2
ATP6V1D

Parkinson’s NDUFAL, NDUFB3, SLC25A5, VDAC1,

hsa05012 disease 63.72714 10 4e-07 4e-07 UQCRQ, COX6A1, UBE2G1

COX7A2, COX7C



Oxidative phosphorylation 4
Parkinson disease 1
Spliceosome 1
Non-alcoholic fatty liver disease (NAFLD) 4
Alzheimer disease 1
RNA transport 4
Huntington disease 1
NF-kappa B signalh%pathway 1
{

bosome 4
Thermogenesis 1
Th17 cell differentiation 4

Pathogenic Escherichia coli infection 4
Oxytocin signaling pathway 1

SNARE interactions in vesicular transport 4
Adipocytokine signaling pathway 1
Kaposi sarcoma-associated herpesvirus infection 1
JAK-STAT signaling pathway 4

Insulin resistance

Cardiac muscle contraction 4

Chagas disease (American trypanosomiasis) 1
Bacterial invasion of epithelial cells 1
Human cytomegalovirus infection 4

T cell receptor signaling pathway 1
igellosis 4

Viral carcinogenesis 1

Tight junction 1

Human T-cell leukemia virus 1 infection 4
Apoptosis 1

Human papillomavirus infection 4
Hepatitis B 1

mTOR signaling pathway 1

Celfglar se?\gscencg 1

Fluid shear stress and atherosclerosis 1
Necroptosis 1

Phagosome 1

Circadian rhythm 1

Proteasome 4

Herpes simplex infection 4

NOD-like receptor signaling pathway
PI3K-Akt signaling pathway 4

Prostate cancer

Human immunodeficiency virus 1 infection 4
o HIF-1 signaling pathway 1

ucagon signaling pathway 1

thf::?eoﬁd.g excigc?n repan):' 1

Rap1 signaling pathway 1

Acute myeloid leukemia 4

Salmonella infection 4

Pancreatic cancer

Pathways in cancer 4

B cell receptor signaling pathway 1
Gastric acid secretion 1

Hepatocellular carcinoma 4

Chronic myeloid leukemia 1
Dopaminergic synapse 4
Arrhythmogenic right ventricular cardiomyopathy (ARVC) 1
Transcriptional misregulation in cancer 1
Apelin signaling pathway 4

Insulin signaling pathway 1

mRNA surveillance pathway 4

Th1 and Th2 cell differentiation 1
Toll-like receptor signaling pathway 1
Hypertrophic cardiomyopaaay (HCM) 4
TNF signaling pathway

Epstein-Barr virus infection 1
Amphetamine addiction 4

Dilated cafdiomyo?a(hy (DCM) 1

ErbB signaling pathway 4

Focal adhesion 1

Cell cycle 1

Thyroid hormone signaling pathway 4
Fanconi anemia pathway 1

Neurotrophin signaling pathway 4
Hepatitis C 1

MicroRNAs in cancer 1

Synaptic vesicle cycle 4

Regulation of actin cytoskeleton 1
Vascular smooth muscle contraction 4
Central carbon metabolism in cancer 4
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Clustering Workflow
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Pathway Scoring

For a set of pathways £ = {P1. P2, ..., Pu}, where each P contains a set of genes, i.e. Fi = {91.92..-..9x}, the pathway
score matrix PS is defined as:

_ 1
2PSps =g de P, ©59.s for each pathway p and for each sample s.

GS is the gene score per sample matrix and is defined as:

1GSy s = (EMg s — Tg)/sq

where EM is the expression matrix (columns are samples, rows are genes), g is the mean expression value of the gene and
%9 is the standard deviaton of the expression values for the gene.



Pathway Scoring
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Demonstration



Demo — | — Installation

Installation — Dependencies

if ('requireNamespace("BiocManager", quietly = TRUE))
install.packages("BiocManager")
BiocManager::install("pathview", version = "3.8")
BiocManager::install("AnnotationDbi", version = "3.8")
BiocManager::install("org.Hs.eg.db", version = "3.8")

Installation — pathfindR
install.packages("pathfindR")



Demo — || — Pathway Enrichment

library(pathfindR)

RA_demo <- run_pathfindR(RA _input,
gene_sets = "BioCarta",

pin_name_path = "GeneMania",
output = "DEMO_OUTPUT")



Demo — Il = Pathway Clustering

RA clustered <- choose_clusters(RA_demo)
OR

choose_clusters(RA_demo, auto = FALSE)



Demo — IV — Pathway Scoring

# selecting "Representative" pathways for clear visualization
pws_table <- RA_clustered[RA_clusteredSStatus == "Representative”, ]

## Expression matrix
exp_mat <- pathfindR::RA_exp_mat

## Vector of "Case" IDs

cases <- ¢("GSM389703", "GSM389704", "GSM389706",
"GSM389708", "GSM389711", "GSM389714", "GSM389716",
"GSM389717", "GSM389719", "GSM389721", "GSM389722",
"GSM389724", "GSM389726", "GSM389727", "GSM389730",
"GSM389731", "GSM389733", "GSM389735")

## Calculate pathway scores and plot heatmap
score_matrix <- calculate_pw_scores(pws_table, exp_mat, cases)



Resources

e Tutorial on Biostars:
* https://www.biostars.org/p/322415/
* Vignette

e https://cran.r-
project.org/web/packages/pathfindR/vignettes/pathfindr vignette.html

e pathfindR Wiki:
e https://github.com/egeulgen/pathfindR/wiki

* To report any issues:
* https://github.com/egeulgen/pathfindR/issues

 For all other questions:
e egeulgen@gmail.com
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