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Tutorial series 

ÅTutorial 1: Pathway creation 
ω24 November 2015, 2-4 PM 
 

ÅTutorial 2: Pathway analysis 
ω1 December 2015 , 2-4 PM 

 

ÅTutorial 3: Network analysis 
ω8 December 2015 , 2-4 PM 

 

ÅMaterial (presentations and hands-on instructions) will be 
available on the website 
ωhttp://projects.bigcat.unimaas.nl/adelaide-tutorials-2015/  
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Introduction 
 



Data analysis 
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Quantitative measurements 

Isolated data points 

Slide adapted from Thomas Kelder 



Data analysis 
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Comparative statistics 

Isolated lists 

Clustering 

Isolated groups 

Gene sets 

Functional groups 

 

Slide adapted from Thomas Kelder 



Data analysis 
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Functional organisation 

Pathways 

Slide adapted from Thomas Kelder 
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Data analysis 

CSIRO Tutorial Series: Pathway Creation  |  Martina Summer-Kutmon 7  |  

Systems organisation 

Networks 

Slide adapted from Thomas Kelder 



Pathway analysis 
 



Why pathway analysis? 
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Why pathway analysis? 
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Dgat1 
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Lcat 



Why pathway analysis? 

 

ά! ǇƛŎǘǳǊŜ ƛǎ ǿƻǊǘƘ ŀ ǘƘƻǳǎŀƴŘ ǿƻǊŘǎΦέ 

 

ÅIntuitive 

ÅPuts data into biological context 

ÅMore efficient than looking up single gene information 
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Why pathway analysis? 

ÅInvolvement in pathways 
ωGroup genes, proteins and other biological molecules 

ωReducing complexity  

ωSeveral hundred pathways instead of thousands of genes 

ωAnalysis on functional level 

 

ÅIdentify active pathways that differ between two conditions 
ωHigher explanatory power than a simple list of genes 
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Pathway analysis methods 

ÅOverrepresentation analysis (ORA) 

ÅFunctional Class Scoring (FCS) 

ÅPathway Topology (PT) Based 
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Khatri, Purvesh, Marina Sirota, and Atul J. Butte.  
"Ten years of pathway analysis: current approaches and ƻǳǘǎǘŀƴŘƛƴƎ ŎƘŀƭƭŜƴƎŜǎΦά  
PLoS computational biology 8.2 (2012): e1002375. 
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Pathway analysis methods 

ÅOverrepresentation analysis 
ωDefine input list through criteria  

ςWhich genes are significantly up- or down-regulated 
 

ωCount genes in pathway for input and background list 
 

ωPerform statistical test for over- or under-representation (e.g. 
hypergeometric test)  
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Pathway analysis methods 
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1. Total number of genes measured in experiment = N  

нΦ {Ŝǘ ŎǊƛǘŜǊƛŀ ǘƻ ŘŜŦƛƴŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ άŘƛŦŦŜǊŜƴǘƛŀƭ ŜȄǇǊŜǎǎŜŘ ƎŜƴŜǎέ Ґ w            (p - value <0.05)  

3. Total number of genes in pathway that are measured in experiment = n 

4. Number of genes changed in the pathway = r 

N = 35 genes 

R = 9 genes 

n = 12 genes 

r = 6 genes 

Z-Score = 2.34033 

Pathway X 
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Pathway analysis methods 

ÅWhat does the Z-Score tell you? 
ωZ-Score > 1.96:  

ςSignificantly more genes are changed in the pathway compared to the 
complete data set 

 

ωZ-Score = 0: 

ςDistribution of changed genes in the pathway is the same as in the 
complete data set 

 

ωZ-Score < -1.96 

ςSignificantly less genes are changed in the pathway compared to the 
complete data set 
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BUT ... 
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Pathway analysis methods 

 

ÅBe aware! 

 
ωOverrepresentation analysis and functional class scoring DO NOT take 

pathway topology into account! 

 

ωAlways manually verify the pathways to make the right conclusions! 
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Pathway analysis in PathVisio 
 



PathVisio 3.2.1 

      a tool to edit and analyze biological pathways 
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www.pathvisio.org 
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http://www.pathvisio.org/


PathVisio 3.2.1 

ÅWhat can you do with PathVisio? 
ωDraw your pathways 

ωVisualize your data on pathways 

ωFind pathways regulated in your data set 

 

ÅMore functionality through plugins 
ωPlugin repository with 16 plugins and more coming 

ωMany different plugin developers 
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PathVisio application 

 

 

 

 

21 

Toolbar: drawing objects, 
layout, view, visualization 

Sidepanel: 
Drawing, Editing, 
Backpage, Search, 
Legend 

Status bar: Loaded 
databases, data sets 

Pathway display area 
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PathVisio walkthrough 
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Load identifier 
mapping databases 

Create new pathway Load dataset 

Create data 
visualization 

Find regulated 
pathways 

WikiPathways 

Export pathway 
image with data 

1 

Select pathway 
collection 

Draw pathways 

Visualize data on 
pathway 

2 Visualize data 

3 Pathway statistics 
Share/Upload 
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Load identifier mapping databases  

ÅIdentifier mapping datbases from 
ωDownload bridge files from http://bridgedb.org/data/gene_database/  

ωGene products (based on Ensembl)  

ωMetabolites (based on HMDB) 

 

ÅData -> Select Gene/Metabolite Database 
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Check status bar! 
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http://bridgedb.org/data/gene_database/


Identifier mapping 

ÅAnnotation of data nodes and interactions 

ÅXref Ÿ identifier + database 
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Identifier mapping 

 

 

 

How does it work in 
PathVisio? 
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Annotation 

ID Mapping 
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Data visualization 

ÅLoad dataset 
ωQuantitative data 

ωComma separated file (.csv or .txt) 

ωIdentifier column  

ωSystem code (1-2 letter code) column Ÿ datasource (optional) 
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Data visualization 

ÅCreate visualization 
ωBasic ς one value (e.g. logFC) 

ωAdvanced ς multiple values (e.g. logFC + p.value) 

 

ÅGradient based visualization 
ωlogFC 

 

ÅRule based visualization 
ωp.value  
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Data visualization 

ÅVisualize data on pathway 
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Data visualization 

ÅExport high quality pathway image with data for publications  

 

 

 

 

 

ÅPlugins: 
ωHTMLexport plugin 

ωBioPAX plugin 
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