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Tutorial series

ATutorial 1: Pathway creation
w24 November 2015,-2 PM

ATutorial 2: IRathwayaanBlisis
@ 1 Degentlher20152-2 PV

ATutorial 3: Network analysis
w8 December 2015 -2 PM

AMaterial (presentations and hands instructions) will be
available on the website

whttp://projects.bigcat.unimaas.nl/adelaideutorials-2015/
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Introduction




Data analysis

Quantitative measurements
Isolated data points

Slide adapted from Thomdaslder
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Data analysis

Comparativestatistics
. . . Isolatedlists
Clustering
Isolatedgroups
Gene sets
Functionalgroups

Slide adapted from Thomdaslder
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. . . Functionalorganisation

Pathways

Slide adapted from Thomdaslder
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Data analysis

. . . Systemsorganisation

Networks

—)

Slide adapted from Thomdaslder




Pathway analysis




Why pathway analysis?

Scanned

microarrays

Image analysis

Raw
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Why pathway analysis?

Title: Statin Pathway 1
Organisme Mus musculus
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Why pathway analysis?

! LIAOGOdzNBE A a 62NIK |

Alntuitive
APuts data into biological context
AMore efficient than looking up single gene information
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Why pathway analysis?

Alnvolvement in pathways
wGroup genes, proteins and other biological molecules
wReducing complexity
wSeveral hundred pathways instead of thousands of genes
wAnalysis on functional level

Aldentify active pathways that differ between two conditions
wHigher explanatory power than a simple list of genes
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Pathway analysisnethods

AOverrepresentation analysis (ORA)
AFunctional Class Scoring (FCS)
APathway Topology (PT) Based

Functional Pathway Analysis
Over-Representation Analysis (ORA)

Differential Differentially Number of DE and
Expression Expressed (DE) Reference Genes in

Analysis Genes Each Pathwa

Functional Class Scoring (FCS)

Gene-level Gene-set (Pathway) — Assess Pathway
Statistics > Statistics Significance
Pathway
Database Pathway Topology (PT)
|DE Genes or Gene-level Statistics|—> Pathway

Impact

Pathway Topologyl_s | Factor

- Number of Reactions
« Position of Gene
« Type of Reaction

Khatri Purvesh MarinaSirota andAtul J. Butte.
"Ten years of pathway analysis: current approaches@ndzi a G  yRAyYy 3 OKI f £ Sy3Sada
PLoSomputational biology.2 (2012): €1002375.
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Pathway analysisnethods

AOverrepresentation analysis
wDefine input list through criteria
¢ Which genes are significantly ugpr downregulated

wCount genes in pathway for input and background list

wPerform statistical test for ovepr underrepresentation (e.g.
hypergeometric test)

R
(r—“ﬁ)

R R n-1
R

Zscore =
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Pathway analysisnethods

1. Total number of genes measured in experiment = N

H® { SO ONRUGSNRAI (G2 RSTAYS G201t yd&6osNJ
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
I = 6 genes

Z-Score = 2.34033

R
("‘”N)

Pathway

zscore =

®
O
®
O -3
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Pathway analysisnethods

AWhat does the Bcore tell you?
wZ-Score > 1.96:

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

wZ-Score = 0:

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

wZ-Score <1.96
¢ Significantly less genes are changed in the pathway compared to the

complete data set
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Pathway analysisnethods

ABe aware!

wOverrepresentation analysis and functional class scdd@gNOTake
pathway topology into account!

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

<«l



PathVisio 3.2.1

a tool to edit and analyze biological pathways

Draw for presentation

& publication

-\-1-;{¢.§mlﬁumm-

1 Clsgects | Proparties | E20page | Search [ Legend

1554

HMDBODDET

Kegg Compound

Cop144

PubChem

305

NUGD wiki

HMDB0ST

Wikipedia

Choline

Easily install plugins for
added features

Link to external
databases for

more information

Visualize quantitative data for

integrative pathway analysis xpression data

Gene id of mappe C00114

Sample name | CO0114

WWW.pathvisio.org

¥l
izens datshase; ... b
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http://www.pathvisio.org/

PathVisio 3.2.1

AWhat can you do with PathVisio?
wDraw your pathways
wVisualize your data on pathways
wFind pathways regulated in your data set

AMore functionalitythroughplugins
wPluginrepositorywith 16 pluginsandmore coming
wManydifferent plugindevelopers

20 CSIRO Tutorial Series: Pathway Creation | Martina Sus{oteron



PathVisio application

Toolbar:drawing objects,
layout, view, visualization

Pathway display are

A

Status bar Loaded
databases, data sets

\

| Gene database: ...n_Derby_20120602.bridge | Metabelite database: ... tabelites_111203.bridge
-

ty, PathVisio =N X

=1 Ew 10 DI::J“ L Iln

E& =HE B8 Zoom: | 100% - @- Lokl » v T v E% T % m = [0 Mo Visuslization - P ~
;ﬂabJ'ECtS Properties | Backpage | Search | Legend \

Data Modes

fooe] Parn

Basic interactions

o T e T, Ty —

MIM interactions

He > > > O O
o

Graphical elements

we N YO O O OO >
ko

Cellular compartments

O d WM& s oo

Templates
Ne & |

Sidepanel
Drawing, Editing,
Backpage, Search,
Legend
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PathVisiowalkthrough

o Draw pathways

( Load identifier ]

a Visualize data

l

L mapping databasesJ

l

> Load dataset

[ Create new pathway

Share/Uploa

[ WikiPathways ]

e Pathway statistics

!

( Create data

!

Select pathway
collection

!

L visualization

|

Find regulated )
pathways
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Export pathway

Visualize data on
pathway
[ image with data
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Load identifier mapping databases

Aldentifier mapping datbases from bridgedt
wDownload bridge files fromttp:/bridgedb.oro/dat

wGene products (based on Ensembl)
wMetabolites (based on HMDB)

AData-> Select Gene/Metabolite Database

File Edit

[Dats|
Bé = Select Gene Database
Select Metabolite Database

View Plugins Help

Gene Set Enrichment Analysis

Check status bar!

Visualization options
Import expression data

Select expression dataset

Statistics...
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http://bridgedb.org/data/gene_database/

ldentifier mapping

AAnnotation of data nodes and interactions
AXrefY identifier + database

DataSource Ensembl NCBI Gene HMDB Rhea
Identifier ENSG00000139618 675 RHEA:13068

Pathway 1 Pathway 2

Rridgeis

NCBI| Gene
675

Ensembl

ENSG00000139618

BridgeDB knows
that those represent
the same biological

entity
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: Objects I Properties | Backpage | Search | Legend

GeneProduct annotation Annotation
‘ Hame: |Tp53

‘ dentifier: | ENSRNOGO0000010756

‘ Database: | Ensembl

Cellular tumor antigen p53
[Source:UniProtKBl/ Swiss-ProtAcc:P10361]

ldentifier mapping

‘ Description:

CHI
=
m i)
I

‘Chromosome: | 10

HOW dOeS It WOrk In Cross references
PathVisio?

Agilent

A_44_P118929
A_44_P456752
A_B64_P113635
A_B4_P148728

Ensembl

ENSRNOGO0000010756

Entrez Gene

24842
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Datavisualization

ALoad dataset
wQuantitative data
wComma separated file (.csv or .txt)
wldentifier column
w System code (2 letter code) columrY datasourcegoptional

Your data A pathway
0326 L = L: 153
153 L -
4357 L <—
sz [ eeidgedly | :
—=| En:ENSG00000128309
90218 L
7157 A \
-___-_—'—-—_
> S: Q53GA5
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Datavisualization

ACreate visualization
wBasia; one value (e.g. logFC)

wAdvanced; multiple values (e.g. logFC + p.value)

AGradient based visualization

wlogFC Pp—

ARule based visualization
wp.value

Rules:

0.0

Color

Rule
| [p.value] = 0.05
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Ticle: Miwchondrial LC-Faty Acid Beta-Oxida

| ] n n
D ata V I S a I I Z at I O n0 — = o
u Falmitic 2xid Palmitolei: acid

Stearic acid Oleit acid
Drachidic asid
AVisualize data on pathw:
ISUallZze data on patnwi
cytosol
| Long chain acyl-camiting | | L-Camitine |
T 1
- - L A =
|
= ¥ - |
Lohiy chaih aeyl-samitine | | L-Camitine |
mitochondrial matrix
1 . . - Long chiain Asyl-Cos,
,l Objects I Properties | Backpage | Search| Legend Acyl-Coh de enases:
| | .
unsaturated " saturated
feadm
p.value (calar sek-8) Bzl
logFC {colar set-3)
color set-3
Y Y
2,4 Dienoyl-Col trans-D2-Enoyl-Col
-2.0 0.0 2.0
Pecr
color set-8 [ P |
[p.value] <0.05 [ sttwonmncor |
Rule logic not met m@
Y
|:| Mo data Found
Sep2 II
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Datavisualization

AExport high quality pathway image with data for publications

APlugins
wHTMLexport plugin
wBIoPAX plugin
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