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Gene list introduction



Interpreting Gene Lists

My cool new screen worked and produced 1000 hits! ...Now what?

Genome-Scale Analysis (Omics)

— Genomics, Proteomics

Tell me what’s interesting about these genes
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Interpreting Gene Lists

My cool new screen worked and produced 1000 hits! ...Now what?

 Genome-Scale Analysis (Omics)
— Genomics, Proteomics
e Tell me what’ s interesting about these genes
— Are they enriched in known pathways, complexes, functions

GNAQ H
: Analysis

GNAS  r,

Ranking or g ~0

H GUCY1A3

clustering ena [ g
PDE4D
ATP2A2
ATP2A3
NOS1
CNN1
GSTO1
NOS3
I\:;qLNKzz Eureka! New
CALD1 ) heart disease
ACTAt Prior knowledge about
MYL2 gene!

cellular processes



Autism Spectrum Disorder (ASD)

* Genetics
— highly heritable
* monozygotic twin concordance 60-90%

» dizygotic twin concordance 0-10%
(depending on the stringency of diagnosis)
— known genetics:
* 5-15% rare single-gene disorders and chromosomal re-arrangements
e de-novo CNV previously reported in 5-10% of ASD cases
« GWA (Genome-wide Association Studies) have been able to explain only a
small amount of heritability

Pinto et al. Functional impact of global rare copy number variation in autism
spectrum disorders. Nature. 2010 Jun 9.



Rare copy number variants in ASD

e Rare Copy Number Variation screening (Del, Dup)
— 889 Case and 1146 Ctrl (European Ancestry)
— Illumina Infinium 1M-single SNP

— high quality rare CNV (90% PCR validation)

* identification by three algorithms required for detection
— QuantiSNP, iPattern, PennCNV

e frequency < 1%, length > 30 kb
* Results
— average CNV size: 182.7 kb, median CNVs per individual: 2
— >5.7% ASD individuals carry at least one de-novo CNV
— Top ~10 genes in CNVs associated to ASD



Pathways Enriched in Autism Spectrum Disorder
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Where Do Gene Lists Come From?

Molecular profiling e.g. mRNA, protein
— Identification = Gene list
— Quantification = Gene list + values
— Ranking, Clustering (biostatistics)
Interactions: Protein interactions, microRNA targets, transcription
factor binding sites (ChlP)
Genetic screen e.g. of knock out library

Association studies (Genome-wide)
— Single nucleotide polymorphisms (SNPs)
— Copy number variants (CNVs)

Other
examples?



What Do Gene Lists Mean?

Biological system: complex, pathway, physical interactors
Similar gene function e.g. protein kinase

Similar cell or tissue location

Chromosomal location (linkage, CNVs)



Biological Questions

e Step 1: What do you want to accomplish with your list (hopefully
part of experiment design! ©)

Summarize biological processes or other aspects of gene function

Perform differential analysis — what pathways are different
between samples?

Find a controller for a process (TF, miRNA)
Find new pathways or new pathway members
Discover new gene function

Correlate with a disease or phenotype (candidate gene
prioritization)



Biological Answers

 Computational analysis methods we will cover
— Pathway enrichment analysis: summarize and compare
— Network visualization

— Network analysis: predict gene function, find new pathway members,
identify functional modules (new pathways)



Before Analysis

v Normalization
v Background adjustment
v Quality control (garbage in, garbage out)

v" Use statistics that will increase signal and reduce noise
specifically for your experiment

v Other analyses you may want to use to evaluate changes
v" Make sure your gene IDs are compatible with software



Pathway Enrichment Analysis

Gene List Gene Attributes Annotation
Expression
Phenotypes
| Enriched Pathways |
DAVID, GSEA

e Gene identifiers

 Gene attributes/annotation

— Gene Ontology
* Ontology Structure
* Annotation

— BioMart + other sources



Gene and Protein Identifiers

Identifiers (IDs) are ideally unique, stable names or numbers that
GNAQ

help track database records GNAS
— E.g. Social Insurance Number, Entrez Gene ID 41232 Gggfm

PDE4B

Gene and protein information stored in many databases

PDE4D

— =2 Genes have many IDs ATP2A2

ATP2A3

Records for: Gene, DNA, RNA, Protein NOS1
. CNN1

— Important to recognize the correct record type EETON
— E.g. Entrez Gene records don’ t store sequence. They link to DNA ';‘;3;
regions, RNA transcripts and proteins e.g. in RefSeq, which stores MYLK2

CALD1

sequence.
ACTA1

MYL2




For your information

NCBI Database o = =
Links ® e Py
NCBI: dleotide . ' o

U.S. National Center for
Biotechnology Information ‘ . &

Gene

Part of National Library of
Medicine (NLM) ot . - o

Conserved
Do s Gensat

http://www.ncbi.nlm.nih.gov/Database/datamodel/data_nodes.swf
@ 00000 @10000 @ 100,000




For your information

Common ldentifiers

Gene

Ensembl ENSG00000139618
Entrez Gene 675

Unigene Hs.34012

RNA transcript

GenBank BC026160.1
RefSeqg NM 000059
Ensembl ENST00000380152

Protein

Ensembl ENSP00000369497
RefSeq NP _000050.2
UniProt BRCA2 HUMAN or
A1YBP1 _HUMAN

IP1 1P100412408.1

EMBL AF309413

PDB 1MIU

Species-specific

HUGO HGNC BRCA2

MGI MGI:109337

RGD 2219

ZFIN ZDB-GENE-060510-3

FlyBase CG9097

WormBase WBGene00002299 or ZK1067.1
SGD S000002187 or YDLO29W
Annotations

InterPro IPR015252

OMIM 600185

Pfam PF09104

Gene Ontology GO:0000724

SNPs rs28897757

Experimental Platform

Affymetrix 208368 3p s at

Agilent A 23 P99452
CodeLink GE60169
lllumina Gl_4502450-S

Red = Recommended



ldentifier Mapping

* So many IDs!
— Software tools recognize only a handful
— May need to map from your gene list IDs to standard IDs

* Four main uses
— Searching for a favorite gene name
— Link to related resources
— ldentifier translation
e E.g. Proteins to genes, Affy ID to Entrez Gene

— Merging data from different sources
* Find equivalent records



ID Challenges

Avoid errors: map IDs correctly

Gene name ambiguity — not a good ID

— e.g. FLI92943, LFS1, TRP53, p53

— Better to use the standard gene symbol: TP53
Excel error-introduction

— OCT4 is changed to October-4

» format cells as ‘text’ before pasting

Problems reaching 100% coverage

— E.g. due to version issues

— Use multiple sources to increase coverage

Zeeberg BR et al. Mistaken identifiers: gene name
errors can be introduced inadvertently when
using Excel in bioinformatics BMC Bioinformatics.
2004 Jun 23;5:80



ID Mapping Services

THE SYNERGIZER

The Synergizer database is a growing repository of gene and protein identifier
synonym relationships. This tool facilitates the conversion of identifiers from one

naming scheme (a.k.a "namespace") to another.

load sample inputsl

Select species: |Saccharomyces cerevisiae j
Select authority: Iensembl R
Select "FROM" I ANY K
namespace: | — ~—
Select "TO" . P
namespace: |en--czgcne [ 8.:4192]:]

File containing IDs to I
translate:

Browse...

and/or

YIL062C
YLR370C
YKLO13C

IDs to translate: [YNR035C
YBR234C]|

Output as
spreadsheet: r

Submit

(NB: The strings in
[brackets] are
representative IDs in the
corresponding
namespaces.)

* entrezgene
)  [ioec oo
YLR370C | 851085
YKLO13C | 853856
YNRO35C | 855771
YBR234C | 852536

* Synergizer
— http://llama.med.harvard.edu/
synergizer/translate/

e Ensembl BioMart

—  http://www.ensembl.org

* PICR (proteins only)

— http://www.ebi.ac.uk/Tools/picr/



Recommendations

For proteins and genes

— (doesn’ t consider splice forms)

Map everything to Entrez Gene IDs using a spreadsheet

If 100% coverage desired, manually curate missing mappings

Be careful of Excel auto conversions — especially when pasting large
gene lists!

— Remember to format cells as ‘text’ before pasting



Pathway Enrichment Analysis

Gene List Gene Attributes Annotation
Expression
Phenotypes
| Enriched Pathways |
DAVID, GSEA

e Gene identifiers

 Gene attributes/annotation

— Gene Ontology
* Ontology Structure
* Annotation

— BioMart + other sources



Gene Attributes

Available in databases

Function annotation
— Biological process, molecular function, cell location

Chromosome position

Disease association

DNA properties

— TF binding sites, gene structure (intron/exon), SNPs
Transcript properties

— Splicing, 3" UTR, microRNA binding sites

Protein properties

— Domains, secondary and tertiary structure, PTM sites
Interactions with other genes



Gene Attributes

Available in databases

Function annotation
— Biological process, molecular function, cell location

Chromosome position

Disease association

DNA properties

— TF binding sites, gene structure (intron/exon), SNPs
Transcript properties

— Splicing, 3" UTR, microRNA binding sites

Protein properties

— Domains, secondary and tertiary structure, PTM sites
Interactions with other genes



What is the Gene Ontology (GO)?

* Set of biological phrases (terms) which are applied to genes:
— protein kinase (molecular function)
— apoptosis (biological process)
— membrane (cellular component)

* Dictionary: term definitions

 Ontology: A formal system for describing knowledge

www.geneontology.org



GO Structure

Terms are related within a
hierarchy

— is-a

— part-of

Describes multiple levels of
detail of gene function

Terms can have more than
one parent or child

Gene_OntoIog\} h
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Part 1/2: Terms

Where do GO terms come from?

— GO terms are added by editors at EBI and gene annotation
database groups

— Terms added by request
— Experts help with major development
— 34065 terms, with definitions

e 20703 biological _process

e 2824 cellular_component

* 9029 molecular_function
* As of April 2011



Part 2/2: Annotations

Genes are linked, or associated, with GO terms by trained curators
at genome databases

— Known as ‘gene associations’ or GO annotations
— Multiple annotations per gene

Some GO annotations created automatically (without human
review)



Annotation Sources

* Manual annotation

— Curated by scientists
* High quality
* Small number (time-consuming to create)

— Reviewed computational analysis
* Electronic annotation

— Annotation derived without human validation
* Computational predictions (accuracy varies)
« Lower ‘quality’ than manual codes

e Key point: be aware of annotation origin



For your information

Evidence Types

. Experimental Evidence Codes e Author Statement Evidence
e  EXP: Inferred from Experiment > Codes
« IDA: Inferred from Direct Assay «  TAS: Traceable Author
Statement

. IPI: Inferred from Physical Interaction
. IMP: Inferred from Mutant Phenotype
. IGI: Inferred from Genetic Interaction

o NAS: Non-traceable
Author Statement

o Curator Statement Evidence

. IEP: Inferred from Expression Pattern Codes
e IC: Inferred by
o  Computational Analysis Evidence Codes Curator . .
« ISS: Inferred from Sequence or Structural «  ND: No biological Data

Similarity available

. ISA: Inferred from Sequence Alignment ﬁ

. ISO: Inferred from Sequence Orthology

e  ISM: Inferred from Sequence Model E @%
. IGC: Inferred from Genomic Context a§

. RCA: inferred from Reviewed Computational
Analysis

|}

IEA: Inferred from electronic annotation “

http://www.geneontology.org/GO.evidence.shtml



Variable Coverage
w

100%

90%

80%

70% H

60%

O electronic annotations

50% . .
B non-electronic annotations

40%

% of genes with annotation

30%

20%

species

Lomax J. Get ready to GO! A biologist's guide to the Gene Ontology. Brief Bioinform. 2005 Sep;6(3):298-304.



Accessing GO: QuickGO

Search for a GO term:

Search for a Protein:

Compare GO terms:

Find, view and download annotation

( > )examples - apoptosis, GO:0006915

( > )examples - tropomyosin, P06727

( > Jexample - GO:0000122,GO:0000001

GO:0006915 apoptosis

Term Information

A form of programmed cell death induced by external or internal signals that trigger the activity of proteolytic caspases, whose actions dis
internally with condensation and subsequent fragmentation of the cell nucleus (blebbing) while the plasma membrane remains intact. Oth
the exposure of phosphatidyl serine on the cell surface.

Ancestor chart Ancestor table Child Terms Protein Annotation Statistics

Cene Ontology

biological
process

’____-7\

process

developmental cellular

process

e — i

Parent

Term

part of

http://www.ebi.ac.uk/ego/




Gene Attributes

Function annotation
— Biological process, molecular function, cell location

Chromosome position
Disease association
DNA properties
— TF binding sites, gene structure (intron/exon), SNPs
Transcript properties
— Splicing, 3° UTR, microRNA binding sites
Protein properties
— Domains, secondary and tertiary structure, PTM sites

Interactions with other genes



Ensembl BioMart

 Convenient access to gene list annotation

Dataset ( Ensembl Genes 58 )
H?:?:; fsaplens QUGS ILARGIT)  Homo sapiens genes (GRCh37) ) Select genome
[None selected]
gtt"b"t:ré D | =rEeon
nsembl Gene
Ensembl Transcript| ® GENE: .
@ TRANSCRIPT EVENT: Select filters
GENE ONTOLOGY:
EXPRESSION:

MULTI SPECIES COMPARISONS:
2 PROTEIN DOMAINS:

[ Limit to genes ... with Protein feature scanprosite ID(s) | ) g(E):é)I/Uded Se I eCt att ri b utes
[ Limit to genes with these family or domain IDs: [ Ensembl Protein Family ID(s) (e.g. ENSFM00250000000002] | %) to d own I 0Oa d
[ Transmembrane domains @Only
O Excluded
O Signal domains ©Only @ Features O Homologs
OExcluded =4 P4 i
O Structures O Variations
VARIATIONS: O Transcript Event O Sequences
GENE:
EXTERNAL:
EXPRESSION:
. PROTEIN DOMAINS:
http://www.ensembl.org




Lab: Gene IDs, Attributes and Networks

Objectives

— Learn about gene identifiers, Synergizer and BioMart
Use yeast demo gene list (modulelYeastGenes.txt)
Convert Gene IDs to Entrez Gene: Use Synergizer
Get GO annotation + evidence codes

— Use Ensembl BioMart

— Summarize terms & evidence codes in a table
Do it again with your own gene list

— If compatible with covered tools, run the analysis. If not, instructors will
recommend tools for you.



Pathway (gene set) enrichment analysis



Pathway Enrichment Analysis

Gene List Gene Attributes Annotation
Expression
Phenotypes
| Enriched Pathways |
DAVID, GSEA

e Gene identifiers

 Gene attributes/annotation

— Gene Ontology
* Ontology Structure
* Annotation

— BioMart + other sources



What is Gene Set Enrichment Analysis?

* Break down cellular function into gene sets

- Every set of genes is associated to a specific cellular function, process,
component or pathway

microtubules

mitochondrion nuclear pore

chromatin
nuclear envelope [ . ojaie Nuclear Pore Ribosome

nucleolus
centriole ) Gene.AAA Gene.RP1
Golgi complex Gene.ABA Gene.RP2
Gene.ABC Gene.RP3
lysosome :
vesicle y |:||:| Gene.RP4
cytosol 3 . .
flagellum Cell Cycle P53 signaling
\ Gene.CC1 Gene.CC1
plasma membrane Gene.CC2 Gene.CK1
Gene.CC3 Gene.PPP
| lg .engz)n;?lgg:n'c Gene.CC4
endoplasmic ) !
retigulum ribosomes reticulum Gene.CC5

Daniele Merico



What is Gene Set Enrichment Analysis?

* Find known gene sets (e.g. pathways) enriched in a gene list (e.g.
from gene expression)

AB004884

AB012958

AB013076

- i— AB017507
nigue I

5 |AB0043E4 AB018284

H 3 [AB012958 AB018326
4 |AB013076

5 |AB017507 AB020335

6 |AB018284 AB023224

7 |AB013326 AB023430
8 |AB020335

9 [AB023224 AB024334

10 [AB023430 - AB030648
11 [AB024334

12 [AB030648 AB037841

13 |[AB037841

10.08971

9.880636| 9.743547| 9.721693

14 |AB040961

12.53133

11.83537| 12.24728| 12.62928

— >

Nuclear Pore

Gene.AAA
Gene.ABA
Gene.ABC

Cell Cycle

Gene.CC1
Gene.CC2
Gene.CC3
Gene.CC4
Gene.CC5

Ribosome

Gene.RP1
Gene.RP2
Gene.RP3
Gene.RP4

P53 signaling

Gene.CC1
Gene.CK1
Gene.PPP




What is Gene Set Enrichment Analysis?

* Find known gene sets (e.g. pathways) enriched in a gene list (e.g.
from gene expression)

— Look for significant enrichment (more on how this works later)

.....

AB004884

AB012958

AB013076

Unique id

AB017507

AB004884

AB018284

AB012958

AB013076

AB018326

AB017507

AB020335

AB018284

AB023224

AB018326

AB020335

AB023430

9 |AB023224

10 |AB023430

11 |AB024334

12 |AB030648

AB024334

AB030648

AB037841

13 |[AB037841

10.08971

9.880636| 9.743547| 9.721693

14 |AB040961

12.53133

11.83537| 12.24728| 12.62928

— >

Nuclear Pore

Gene.AAA é
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F &
N
Cell Cycle

Gene.CC1
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Ge, =.CC4
Ge, e.CC5

Ribosome
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«
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P53 signaling

Gene.CC?
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Ge'.. b




Enrichment Test

Microarray

E i t
Xperimen Enrichment Table

(gene expression table)

Spindle 0.00001
Apoptosis 0.00025

_________________

ENRICHMENT
TEST

Gene-set
Databases



Enrichment Test

Microarray

Experiment Enrichment Table

(gene expression table)

Spindle 0.00001
Apoptosis 0.00025

_________________

ENRICHMENT
TEST

Experimental Data

A priori knowledge +

existing experimental data
Gene-set

Databases



Enrichment Test

Microarray
Experiment
(gene expression table)

ENRICHMENT
g TEST

Gene-set
Databases

-

Enrichment Table

Spindle 0.00001
Apoptosis 0.00025
Interpretation

& Hypotheses




Enrichment Test

Significant genes Overlap between

(e.g UP) gene list
and gene-set

Is this overlap
larger than
expected by

|
]
random
sampling
\
\

of the array
genes?

Background genes
(array genes not significant)

___________

Random samples
of array genes

-~ -



Fisher’s exact test
a.k.a., the hypergeometric test

Gene list

@ RRP6 Null hypothesis: List is a random sample from population
® VRD1 Alternative hypothesis: More black genes than expected

@ RRP7
@ RRP43
@ RRP42

Background population:
500 black genes,
4500 red genes

48



Fisher’s exact test

a.k.a., the hypergeometric test

Gene list Null distribution
@ RRP6 oor
‘ MRD1 = P-value
@ RRP7 8 —_—A
@ RRP43 £ 00 Answer = 4.6 x 10
@ RRP42 s

0

0 1 2 3 @
# black balls out of 5

Background population:
500 black genes,
4500 red genes

49



Important details

* To test for under-enrichment of “black”, test for over-
enrichment of “red”.

* Need to choose “background population” appropriately, e.g.,
if only portion of the total gene complement is queried (or
available for annotation), only use that population as
background.

* To test for enrichment of more than one independent types
of annotation (red vs black and circle vs square), apply
Fisher’s exact test separately for each type. ***More on this
later®**



How to win the P-value lottery, part 1

Random draws

... 7,834 draws later ...

4500 red genes

Expect a random draw
with observed enrichment
once every 1/ P-value
draws

Background population:
500 black genes,



How to win the P-value lottery, part 2

Keep the gene list the same, evaluate different annotations

Observed draw Different annotations
B RRP6 ™ RRP6
® VMRD1 ® MRD1
@ RRP7 © RRP7
@ RRP43 @ RRP43
@ RRP42 @ RRP42
o®% o, .0" L

Ly
. W L

0‘,
e




Simple P-value correction: Bonferroni

If M =# of annotations tested:

Corrected P-value = M x original P-value

Corrected P-value is greater than or equal to the probability that any
single one of the observed enrichments could be due to random draws.
The jargon for this correction is “controlling for the Family-Wise Error

Rate (FWER)”



Bonferroni correction caveats

* Bonferroni correction is very stringent and can “wash away” real
enrichments.

e Often users are willing to accept a less stringent condition, the
“false discovery rate” (FDR), which leads to a gentler correction
when there are real enrichments.



False discovery rate (FDR)

FDR is the expected proportion of the observed enrichments
due to random chance.

Compare to Bonferroni correction which is a bound on the
probability that any one of the observed enrichments
could be due to random chance.

Typically FDR corrections are calculated using the
Benjamini-Hochberg procedure.

FDR threshold is often called the “g-value”



Beyond Fisher’s Exact Test

UP

.| Gene list
Fisher’s Test

ENRICHMENT DOWN

TEST

UP

Ranked list (semi-
quantitative)

e.g. GSEA,

WMW test

KS test

A 4

v DOWN




DLVED:

DAVID Bioinformatics Resources 6.7

National Institute of Allergy and Infectious Diseases (NIAID), NIH

Home | Start Analysis

Shortcut to DAVID Tools

— Functional Annotation

Gene-annotation enrichment analysis, functional
annotation clustering , BloCarta & KEGG pathway
mapping, gene-disease assoclation, homologue
match, ID translation, literature match and more

. Gene Functional Classification

Provide a rapld means to reduce large lists of
genes Into functionally related groups of genes to
help unravel the blological content captured by
high throughput technologles. More

- Gene ID Conversion

Convert list of gene ID/accesslons to others of
your cholce with the most comprehensive gene
ID mapping repository. The ambiguous
accesslons In the list can also be determined
semi-automatically. More

- Gene Name Batch Viewer

Display gene names for a given gene list; Search
functionally related genes within your list or not
In your list; Deep links to enriched detalled
Information. More

Shortcut to DAVID Tools

Technical Center | Downloads & APIs | Term of Service Why DAVID? | About Us

Recommending: A paper published in Nature Protocols describes step-by-step procedure to use DAVID!

Welcome to DAVID 6.7
( Search )
2003 - 2010 £) What's Important in DAVID?
The Database for Annotation, Visualization and Integrated e Current (v 6.7) release note

Discovery (DAVID ) v6.7 is an update to the sixth version ¢ New requirement to cite DAVID
of our original web-accessible programs. DAVID now o IDs of Affy Exon and Gene arrays
provides a comprehensive set of functional annotation tools supported
for investigators to understand biological meaning behind e Novel Classification Algorithms
large list of genes. For any given gene list, DAVID tools are e Pre-built Affymetrix and Ilumina
able to: backgrounds
e User's customized gene background
e Enhanced calculating speed
® Identify enriched biological themes, particularly GO

terms <> Statistics of DAVID
& Discover enriched functional-related gene groups

® Cluster redundant annotation terms
® Visualize genes on BioCarta & KEGG pathway maps
& Display related many-genes-to-many-terms on 2-D

DAVID Citations per year 1672
(cumulative)

view.
® Search for other functionally related genes not in the list  Based on Google Scholar
& List interacting proteins Updated in Jan. 2010 930
& Explore gene names in batch
® Link gene-disease associations 545
® Highlight protein functional domains and motifs
® Redirect to related literatures 147 e
® Convert gene identifiers from one type to another. 3 a8 '
& And more P m— — = ; —— 7
2003 2004 2005 2006 2007 2008 2009
| | = e Total: > 2,000 DAVID citations
— bl = e Daily Usage: ~1200 gene lists/sublists from
' I i ~400 unique researchers.
| Screen Shot 1 Screen Shot 2 Screen Shot 3 s Total Usage: =500,000 gene Hstsisublists

from >5,000 research institutes world-wide



List Background

Upload Gene List

Step 1: Enter Gene List
YEROS6CA

YILO52C

YBR0O43C

YDL194W /) m
Oor

Choose File

Step 2: Select Identifier

Step 3: List Type
Gene List o

Backgroun« @

Step 4: Submit List

Upload your gene list

You are either not sure which identifier type your list contains, or less than 80% of your list
has mapped to your chosen identifier type. Please use the Gene Conversion Tool to
determine the identifier type.

Option 1: Convert the gene list to [ bAviD (Default) 4

Option 2: ( Go Back to Submission Form )

If DAVID doesn’t recognize your genes, it can try to
detect the correct identifiers to use



Gene Accession Conversion Tool

Gene Accession Conversion Statistics

Conversion Summary

ID Count In DAVID DB Conversion
0 Yes Successful
0 Yes None
1 No None
329 Ambiguous Pending

Total Unique User IDs: 330

Summary of Ambiguous Gene IDs

Convert

Gene Accession Conversion Tool

Gene ID mapping results

Help

Step 1

C. Gene A Conversion B Download File
Conversion Summary Submit Converted List to DAVID as a Gene List Submit Converted List to DAVID as a Background
ID Count In DAVID DB Conversion
(=) 329 Yes Successful From To Species David Gene Name
0 0 = 0 Yes None YMLOS51W [3124146|Saccharomyces cerevisiae |Galactose/lactose metabolism regulatory protein GAL8O
32 ENSEMBL_TRANSCRIPT_ID|([E)
— = = 1 No None YDR395W | 3129042 |Saccharomyces cerevisiae |Importin beta SMX1
Z OFFICIAL_GENE_SYMBOL "’ 0 Ambiguous Pending YIR009W |3123981|Saccharomyces cerevisiae |U2 small nuclear ribonucleoprotein B"
Mo = o = - - - - Total Unique User IDs: 330 YDLOB1C |3124869|Saccharomyces cerevisiae |60S acidic ribosomal protein P1-alpha
All Possible Sources For Al“bl'uou' IDs P of Ambi| Gene IDs YDR323C |3128934|Saccharomyces cerevisiae |Vacuolar segregation protein PEP7
y
Ambiguous T = YER062C [3127057 |Saccharomyces cerevisiae |(DL)-glycerol-3-phosphatase 2
ID Count Possible Source Convert All
ID POSSIbIIty Convert - " " YER052C |3123754|Saccharomyces cerevisiae |Aspartokinase
A D, thias C. For A bi !D‘ ..
= YFLO26W |3124031|Saccharomyces cerevisiae |Pheromone alpha factor receptor

YPR124W ||[ENSEMBL_TRANSCRIPT_ID|([E# i ibli

S = sC = Ambiguous 1D | Possiblity [ Convert |[oN oSt irected RNA polymerases I and 11 subunit RPAC2
YPR124W ENSEMBL_GENE_ID " YGLOO8C |3123383|Saccharomyces cerevisiae |Plasma membrane ATPase 1
YER110C ENSEMBL TRANSCRIPT ID ,, YELO41W |3127300|Saccharomyces cerevisiae |Uncharacterized kinase YELO41W

— — - YPL240C |3125044|Saccharomyces cerevisiae |ATP-dependent molecular chaperone HSP82
YER110C ENSEMBL_GENE_ID " YILO69C |3126837|Saccharomyces cerevisiae |40S ribosomal protein S24
YOR303W ENSEMBL TRANSCRIPT ID .) YGL208W |3125461 |Saccharomyces cerevisiae |SNF1 protein kinase subunit beta-2
= = YNL236W |3128565|Saccharomyces cerevisiae |Mediator of RNA polymerase II transcription subunit 16

YOR303W ENSEMBL_GENE_ID " YML123C |3129701|Saccharomyces cerevisiae |Inorganic phosphate transporter PHO84
YDR429C ENSEMBL_TRANSCRIPT_ID -) YJLO13C |3124811|Saccharomyces cerevisiae|Spindle assembly checkpoint component MAD3
YDR429C ENSEMBL GENE ID " YLR214W |3125273|Saccharomyces cerevisiae |Ferric/cupric reductase transmembrane component 1
YERO81W |ENSEMBL_TRANSCRIPT_ID||E?
YEROB1W  ||[ENSEMBL_GENE_ID [EES
wraarma maar Al TR AmesnTaT ralliZia




Run the enrichment analysis
Analysis Wizard

Gene List Manager

Tell us how vou like the tool
Contact us for questions

Saccharomyces cerevisiae(329) Current Gene List: new_converted_list

N = Step 1. Successfully submitted gene list
Current Background: Saccharomyces cerevisiae

Step 2. Analyze above gene list with one of DAVID tools
e — ‘ Which DAVID tools to use?

< Functional Annotation Tool

Select List to:

( Use JE( Rename J

Combine
Show Gene List < Gene Functional Classification Tool

< Gene ID Conversion Tool

< Gene Name Batch Viewer




Run the enrichment analysis

Functional Annotation Chart

Help and Manual
Current Gene List: new_converted_list
Current Background: Saccharomyces cerevisiae
325 DAVID IDs

E Options

(Rerun Using Options) (Create Sublist)
466 chart records Ei Download File
o

(0  SP_PIR_KEYWORDS phosphoprotein R s 211 64.9 ié‘E' 3.1E-17
(] UP_SEQ FEATURE mutagenesis site RT e 71 218 255 2,065
O GOTERM_BP_FAT monosaccharide metabolic process RT m=m 29 8.9 g‘SE' 3.0E-5
(]  GOTERM_BP_FAT  hexose metabolic process RT 27 83 3% 2365
O GOTERM_CC_FAT plasma membrane enriched fraction RT == 20 6.2 ;‘SE' 4.3E-5
(] SP_PIR_KEYWORDS DNA binding L — 25 7.7 3'95' 5.5E-5
() SP_PIR_KEYWORDS pheromone response RT @ 11 3.4 3'25' 4.9E-5
(]  GOTERM_CC_FAT cytosol RT a8 148 5'F goEs
(0] SP_PIR_KEYWORDS carbohydrate metabolism RT & 12 3.7 é‘lE‘ 8.1E-5
(] SP_PIR_KEYWORDS Galactose metabolism RT & 6 1.8 18E 30p4

6



Network visualization and analysis



Network Analysis Workflow

Load Networks e.g. PPI data
— Import network data into Cytoscape

Load Attributes e.g. gene expression data
— Get data about networks into Cytoscape

Analyze and Visualize Networks
Prepare for Publication

A specific example of this workflow:

 Cline, et al. “Integration of biological networks and gene expression data using
Cytoscape”, Nature Protocols, 2, 2366-2382 (2007).

Attributes —» 4@;




Network Visualization and Analysis Outline

Network introduction

Network visualization

Cytoscape software tool for network visualization and analysis
Network analysis



Before layout After layout

Networks

* Represent relationships
— Physical, regulatory, genetic, functional interactions
e Useful for discovering relationships in large data sets

— Better than tables in Excel

* Visualize multiple data types together

— See interesting patterns



Relationships
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Mapping Biology to a Network

A simple mapping
— one compound/node, one interaction/edge
A more realistic mapping
— Cell localization, cell cycle, cell type, taxonomy
— Only represent physiologically relevant interaction networks

Edges can represent other relationships
Critical: understand what nodes and edges mean



Protein Sequence Similarity Network

http://apropos.icmb.utexas.edu/Igl/




Six Degrees of Separation

Everyone in the world is connected
by at most six links

Which path should we take?

Shortest path by breadth first search
— If two nodes are connected, will find the shortest path betv..... .......

Are two proteins connected? If so, how?

Biologically relevant?

http://www.time.com/time/techtime/200406/community.html



jActiveModules, UCSD

|b] Phosphorus metabolism
Complexes 32, 296, 728, 822, 894, 927

PathBlast, UCSD

Gene Function Prediction —
shows connections to sets of
genes/proteins involved in same
biological process

Detection of protein complexes/
other modular structures —
discover modularity & higher order
organization (motifs, feedback
loops)

Network evolution —
biological process(es)
conservation across species

Prediction of new interactions
and functional associations —
Statistically significant domain-
domain correlations in protein
interaction network to predict
protein-protein or genetic
interaction

humangenetics-amc.nl

Applications of Network Biology

P =
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¢ = z
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Py L g S —— C Non
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DomainGraph, Max Planck Institute



Applications of Network Informatics in Disease

A B

* Identification of disease
subnetworks — identification of
disease network subnetworks that
are transcriptionally active in
disease.

+ Subnetwork-based diagnosis —
source of biomarkers for disease
classification, identify interconnected
genes whose aggregate expression
levels are predictive of disease state

 Subnetwork-based gene
S e association — map common
- B == pathway mechanisms affected by
P A T collection of genotypes

BRCA1~central | pathway

o |r=0205
™ | p-value = 1.2e-07

SX—>TX {yrs)

Activity

PinnacleZ, UCSD

Mondrian, MSKCC

humangenetics-amc.nl



What Have We Learned?

Networks are useful for seeing relationships in large data sets
Important to understand what the nodes and edges mean

Important to define the biological question - know what you want
to do with your gene list or network
Many methods available for gene list and network analysis

— Good to determine your question and search for a solution

— Or get to know many methods and see how they can be applied to
your data



Network Visualization Outline

 Automatic network layout
* Visual features
e Visually interpreting a network



Automatic network layout

After layout

Before layout
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Automatic network layout

Force-directed: nodes repel and edges pull
Good for up to 500 nodes
— Bigger networks give hairballs - Reduce number of edges
Advice: try force directed first, or hierarchical for tree-like networks

Tips for better looking networks
— Manually adjust layout

— Load network into a drawing program (e.g. lllustrator) and adjust
labels



Overview

Systematic identification of protein complexes in
Saccharomyces cerevisiae by mass spectrometry

.
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Visual Features

Node and edge attributes
— String, integer, float, Boolean, list

— E.g. represent gene, interaction
attributes

Visual attributes
— Node, edge visual properties

— Colour, shape, size, borders, opacity...

Select New Value

W ZIGZAG

NNV SINEWAVE

vvvvvvvvvvv

= wm wem wm  LONG_DASH

........... DOT

VERTICAL_SLASH

/ FORWARD_SLASH

——————— PARALLEL LINES

W\ BACKWARD_SLASH

=p =p =p =p =p SEPARATE_ARROW

SOLID

------ EQUAL_DASH

3999999 CONTIGUOUS_ARROW

= = w== = == DASH_DOT

{ Cancel

(_Apply )

eNoO Select New Value

/ Half Arrow Bottom

_| T

— No Arrow
—>— Arrow
—‘ Diamond

\ Half Arrow Top

Circle

—e
_> Delta

" Canc

el ) ( Apply

eNo Select New Value

O Diamond
l:] Rectangle

" Cancel

Apply




Visually Interpreting a Network

Transcnption Gene expression
amplitude correlation
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What Have We Learned?

Automatic layout is required to visualize networks
Networks help you visualize interesting relationships in your data
Avoid hairballs by focusing analysis

Visual attributes enable multiple types of data to be shown at once
— useful to see their relationships



Network Visualization and Analysis using Cytoscape

 Network visualization and analysis using Cytoscape software
e Cytoscape basics
* Cytoscape network analysis examples



http://cytoscape.org

006

Cytoscape Desktop (New Session)

File Edit View Select Layout Plugins Help

%@ Q G-l Q @ @ Sample2 ﬂ Search iyal003w Z@
Sl

CytoPanel 1 '6 O 6 galFiltered.sif

[ 72 Network | Editor |

Network TR
visualization
and analysis

Pathway comparison
Literature mining

Gene Ontology analysis
Active modules
Complex detection
Network motif search

CytoPanel 2 Tl

Node Attribute Browser ( galFiltered.sif )

UCSD, ISB, Agilent, iree | | EOS) EIEEY |

MSKCC, PaSteU r, UCS F, { gallRGexp gallRGsig gal4RCexp gal4RGsig gal80Rexp gal80l
. YGLOO8C -0.352 1.0007E-5 -0.282 7.1366E-4 -0.573 1.2622¢
Unilever, UToronto, U T YCLO67C  0.169 0.0012873  -0.085 0.11481 0.301 0.0027*
YNL145W -0.764 3.148E-11 -0.098 0.05338 -1.237 1.1916¢
T VADNAW -N_ 182 NnNNT272 N AS4 4 2514F_R N 457z 2411287
exas | e <>

[ Node Attribute Browser | Edge Attribute Browser  Network Attribute Browser |
Welcome to Cytoscape 2.4.0-b1l Right-click + drag to ZOOM Middle-click + drag to PAN




Active Community

http://www.cytoscape.org

Help
— Tutorials, case studies Cline MS et al. Integration of
— Mailing lists for discussion biological networks and gene

. expression data using Cytoscape
Documentation, data sets Nat Protoc. 2007;2(10):2366-82
Annual Conference: San Diego, May 18-21, 2011

10,000s users, 2500 downloads/month

>100 Plugins Extend Functionality
— Build your own, requires programming






Cytoscape

Save file Open file

Feature S

This is a sep

http://cytoscapeweb.cytoscape.org/

Because thlS DIIUWLADT 10 WWITIYITA, YUU 111IAy TANTIITHIVE IDOUTO, DUVl QD JIVITUUYIID, VI VIUTI VI IGO0 TIHIVITIHIL WIUWOTIO.

Style v Layout v

SEWNWEEN Visual style  Filter  Properties

Shapes example

1 '
o "’
»

A graph that contains all possible shapes for nodes
and arrows

| 38

Petersen example

=<

T N/ \ ]

\'v
The Petersen graph

Disconnected example

A graph that contains several, disconnected

components

Genetics example

A modified graph from GeneMANIA with different
visual styles




Cytoscape Demo

Version 2.8.0
www.cytoscape.org



Gene List and Network Analysis Overview

Annotation (Ensembl)
Expression
Phenotypes

Gene List Gene Attributes

iRefWeb, GeneMANIA,

Network AgilentLitSearch, STRING

Functional
Interactions

Protein-Protein
Interactions

Regulatory Network

Network
Visualization

Regulatory Gene function
network analysis prediction

STRING ClusterMaker
GeneMANIA ActiveModules
Reactome Fl

Cytoscape

Module detection
(network clustering)

Gene set
enrichment analysis

BinGO NetMatch



Visualizing gene set enrichment analysis
results



Enrichment Test: General Framework

Experimental
Data

_________________

Gene-set

ENRICHMENT
TEST

Databases

Enrichment Table

Spindle
Apoptosis

0.00001
0.00025




* Excellent idea used to interpret data in thousands of papers




* Excellent idea used to interpret data in thousands of papers

* But! Major cognitive burden relating overlapping gene sets




Enrichment Map

GENE SETS

Spindle Ca** Channels

Gene.A
Gene.B
Gene.C

Gene.G
Gene.H
Gene.l

ENRICHMENT MAP

MAPK

Apoptosis

Gene.D
Gene.E
Gene.F

Gene.L
Gene.M
Gene.N

* Use available gene-set scoring
models
* threshold dependent (e.g.

h 4

DNA Metabolism

Microtubule
Cytoskeleton

-
3 .‘ . Cell Cycle

Ubiquitin-dependent
Protein Degradation

Fisher’s) or threshold free (e.g.

GSEA)
* Use the network framework to
organize gene-sets exploiting their
inter-dependencies

http://baderlab.org/Software/
EnrichmentMap/




Gene Set Enrichment Analysis (GSEA)

Enrichment in
Condition Avs. B

Gene-set Significance

Ranked Gene List

Up Cell Cycle 0.0001
EGF Pathway | 0.003
——————————————— (A >B) Spindle 0.007

E> Enrichment in
Condition B vs. A
Gene-set Significance

DOWN Proteasome 0.0002
v (B>A) Apoptosis 0.005
Caspase 0.009

Gene-sets



Enrichment in
Condition Avs. B

Gene-set Significance

Cell Cycle 0.0001
EGF Pathway | 0.003

Spindle 0.007

T —
Enrichment in
Condition B vs. A

Gene-set Significance
Proteasome 0.0002
Apoptosis 0.005

Caspase 0.009

GENE-SET LIST

Enrichment Map

>

Enriched in phenotype

A B
ENRICHMENT MAP

Overlap

AN B

min (| A41,| B|)



Enrichment Map: use case |
Single enrichment

Estrogen treatment of breast cancer cells

* Design:
2-time points, two-class

12 hrs | 24 hrs
Estrogen-treated | 3 3
Untreated 3 3

e Gene set Database:
Gene Ontology




Protein Translation Protein Sortlng o Enriched in...
Al Metabolism . -
Down Up
o I in estrogen-treated cells
e o vs. untreated cells
*

MHC-II Tight Lipid
Receptor Junctions Transport

<) Q) (]

DNA Metabolism

Nucleotide
Metabolism

rRNA
Processing
Microtubule
Cytoskeleton

Transcription e
tRNA Ubiquitin-dependent

Prooessing Pmte|n Degl’ adat'on



Microtubule
Cytoskeleton

Ubiquitin-dependent \
Protein Degradation

spindle organ
Enriched in... .
. . movement
Down Up

in estrogen-treated cells
vs. untreated cells




Enrichment Map: use case |l
Comparison of two enrichments

Estrogen treatment of breast cancer cells

* Design:
2-time points, two-class

12 hrs | 24 hrs
Estrogen-treated | 3 3
Untreated 3 3

e Gene set Database:
Gene Ontology




Protein
Folding

Processing

Nucleotide
Metabolism

rRNA

tRNA

Processing

Protein Sorting

Transcription

at 24 hrs
Cofactor UP  at12hrs
Metabolism
DOWN at12hrs
I WN at 24 hrs
N in estrogen-treated cells
vs. untreated cells
MHC-II Tight Lipid

Receptor  Junctions Transport

<) ) (-

DNA Metabolism

Microtubule
Cytoskeleton

Ubiquitin-dependent
Protein Degradation



Estrogen-treated Replication Fork
VS untreated: —
© Up
® Down

APC-dependent Protein Degradation




Enrichment Map: use case Il
Query Set Analysis

Neuroactive Ligand-Receptor /

Cell Cycle

Chromosome. /
Chromatin

Transcription

RNA Processing

-

Translation

Actin
Cytoskeleton

Intermediate
Filament

Vescicle
Trafficking

Mitochondrion

Gated Channel

Adhesion and
Signaling

Angiogenesis

miR-1-2 KO in heart
miR-1 predicted targets

Immune Response

Ser/Thr Kinase

GTPase

e £ Regulation of Kinase

Ubiquitination

Response to Stress /
to DNA Damage

Helicase

Aminoacid Transport



Pathways Enriched in Autism Spectrum Disorder

Microtubule
Cytoskeleton

Cell cycle ,- -+
A VSR | A
Regulation of @)

hormone levels * =

Aminoacid *~ - -
derivative /

amine
metabolism

Glycosylation

Synaptic vescicle maturation

, /A‘\)

.-

Centrosome

| A
| |LIS11n neuronal
| migration and

.\ development

Reelin pathway 'A)

Zoom of CNS-Development

Cell projection N_eurqn
organization \, migration

Cerebral cortex f ) l
cell migration s

CNS neuron /I‘ -

differentiation
development
Axonogenesis o
Projection neuron

development  axonogenesis

Pinto et al. Functional impact of global rare copy number variation in autism

Cell morphogenesis

Negative
regulation
of cell cycle

spectrum disorders. Nature. 2010 Jun 9.

Cell Motility

(stricter cluste

Y
mTor
pathway

Cell Projection
& Cell Motility

Membrane

Cell Proliferation

') Regulation of cell proliferation

\; Palate develepment

.

At =

\) Heart develepment

Regt]lation of GTPase
JO~Ras

pathway

Edge type (gene-set overlap)

Between gene-sets
enriched in deletions

From disease genes
to enriched gene-sets

Between sets enriched in
deletions and in disease
genes or between disease
sets only

J: ) Positive regulation of cell proliferation

Kinase Activity/Regulation
(

Tyrosin kinase

GTPase/Ras

Signaling

Node type (gene-set)

Enriched Known
in deletions  disease genes

0% A D

% asp

Enriched only
in disease genes

A D
| Wb
® o

FDR

12.5%




Zoom of CNS-Development

Cell projection Neuron
organization\ migration
=, | Cell morphogenesis

Cerebral cortex 75,
cell migration |

Brain

development

Axonogenesis .
Projection neuron

development  gxonogenesis




Gene-set sources

* Gene Ontology
— Biological Process
— Cellular Component
— Molecular Function

 Pathways
— KEGG
— NCI
— Reactome

e PFAM domains

* Number of gene-sets:
— Unfiltered (all): 14,433
— Filtered (5<<700genes): 6,129
— Tested (counts >0): 3,493

Pinto et al. Functional impact of global rare copy number variation in autism
spectrum disorders. Nature. 2010 Jun 9.



Gene-set test

F Gene-set GSF CNV-affected gene

Patient #1 Patient #2 Patient #3 Patient #i

Count =1 Count =1 Count =1 Count=0

]
| patient# | Patient#2 | Patient#3 | .. | Patient#i | .. | Patient#n_
Gs, 1 1 1 0 0
ENE o 0 1 1 0
ENE o 0 0 0 0

+ If we have at least one CNV affecting at least one gene in a certain gene-set G,
then we have a perturbation potential in that gene-set

» We count the presence / absence of such perturbation potential in patients



Gene-set test

I —
| patient#1 | Patient#2 | Patient#3 | .. | Patient#i | .. | Patientin_
Ol . 1 s 0 0
Nl 0 s 1 0

- . . . .

Y

T e | coma

Description:
*The significance of a gene-set is then assessed using the Fisher’ s Exact Test for association

*A significant gene-set is affected by a mutation potential more frequently in cases than
controls

*The FDR is estimated by shuffling the columns in the ‘Gene-set by patient’ count table



Enriched gene sets from deletions

- O Al-CNVs —
100
‘ B Duplications-only
80 B Deletions-only
ﬂ |
o 60
? 1
g |
o 40
m |
© | . .
§ 20 DEL: 7.6%
E 0 e gene-set x sample
z T - a» count cells > 1
5%
10%
15%
FDR g-value threshold
CNV# CNV# / CNV# /
CNV# Case |Control Sample# Case Sample# Control |Difference %
ALL 2382 3096 2.68 2.70 -0.21%
ALL (genes) 1451 1834 1.63 1.60 0.49%
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Enrichment Map Lab

 Try out enrichment map — load the plugin from the plugin manager

* Load DAVID results — or - load the GSEA enrichment analysis file -
EM_EstrogenMCF7_TestData.zip (unzip) available at

— http://baderlab.org/Software/EnrichmentMap
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Isserlin et al. , Proteomics 2010



= "
& Cytoscape Desktop (New Session)
File Edit View Select Layout Plugins Help

BEQARQAG 8 B [ @]

Control Panel )
izMapper™ | Editor | Filters | ", Enrichment Map‘ Semantic Summary { 4

£ EM1_Enrichment Map

EM1_Enrichment Map

SignalingPathwaysCluster

Cloud Parameters v

Semantic Analysis w

Node ID/Attribute: | EM1_Name v|

Display Settings w

Max Num of Words 250
Network Weight Factor 1]
Clustering Cutoff 1

Word Exclusion List w

Add Word | [ ]
Remove Word | --Added Words-- v nove
Cloud Layout w
Style: ‘No Clustering v
N
[ Delete ] [ Update ] [ Create ]
‘Welcome to Cytoscape 2.4.0 Right-click + drag to ZOOM Middle-click + drag to PAN

Layla Oesper
Google Summer of Code

BEH
BEH :
Cluster words according
to their co-occurrence in
labels to preserve
semantic meaning.

neurotrophic
factor-mediated

trk

receptor

pathway

cardiac myocytes

frs2-mediated

activation

down-stream
signal
transduction

syndecan-4-mediated shc-related
[ [}
signaling cents
g g mediated
neurite out-growth vegfr1 vegfr2
= hsa04810 hsa05211 hsa04720
) ) regulation renal long
I nteg rin actin cell term
cytoskeleton carcinoma potentiation
axon hsa04010 pi3k prolonged sig
guidance mapk plc-gamma erk insulin
sug;z:(lgng ncam egfr

> | SIS

M Overlap Expression viewer

EM Geneset Expression viewer | Semantic Summary Cloud




Enrichment Map
Acknowledgments

Bader Lab

o Ruth Isserlin
° |

@)
Daniele Merico Gary Bader

/

Oliver Stueker

Emili Lab

Donnelly Centre
(University of Toronto)



e o'mg,q

o




Gene function prediction



Outline

Concepts in gene function prediction:
— Guilt-by-association
— Gene recommender systems
Gene function prediction use cases
Functional interaction networks
Scoring interactions by guilt-by-association
GeneMANIA & STRING
GeneMANIA demo
STRING demo



Using genome-wide data in the lab

CHIiP-chip regulation data

W Protein-protein

SN2 interaction data
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- -
] 3 o

4.

Mlcroarray expressmn ata

» @

v

({F“



Genomics revolution, the bad news

Genomics datasets are:
* NOISY,
* redundant,
* incomplete,
* mysterious,
* massive
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Automatically create sets of items from a few examples.

Enter a few items from a set of things. (example)

Next, press Large Set or Small Set and we'll try to predict other items in the set.
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¢ knoxville
L nashville
L]
L]
(clear all)

(Large Set) (Small Set (15 items or fewer))
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. memphis
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Google can’ t do biology

sets Iabs

Automatically create sets of items from a few examples.

Enter a few items from a set of things. (example)
Next, press Large Set or Small Set and we'll try to predict other items in the set.

® CDC27

® APC11

® APC4

® (CDC26

¢ DOCl1

(clear all

(Large Set ) (Small Set (15 items or fewerﬂ




Google can’ t do biology

Next, pr

Googae

sets labs

Automatically create sets of items from a few examples.

Predicted Items
cdc27

apcd

Zero or only a few results? Try the following::

(clear all

(Large Set) (Small Set (15 items or fewer))




Find genes in S. cerevisiae (baker's yeast) ¥ related to cdc27; apct1; apcd; cdc26; doct Go
Showing 20 related genes Show advanced options <

Fley Actionsy [l Networks | Genes | Functions | Help

Sortby: name, score
Expand: all, none

=l

Functions legend x
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SWM1 Subunit of the anaphase-promoting complex, whic 0.37
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HIR2 Subunit of the HIR complex, a nucleosome assembly 0.27
Networks legend x) HST1 NAD(+)-dependent histone deacetylase; essential sut 0.27
Co-expression BOP3 Protein of unknown function, potential Cdc28p sub: 0.27
Co-localization RFA2 Subunit of heterotrimeric Replication Protein A (RPA), 0.27
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Guilt-by-association principle

Microarray expression data Co-expression network
Conditions Cell cycle cDC3

T w
CLB4
CDC16

UNK2

Eisen et al (PNAS 1998)

Fraser AG, Marcotte EM - A probabilistic view of gene
function - Nat Genet. 2004 Jun;36(6):559-64



Two types of functional prediction

« “Give me more genes like these”,

— e.g. find more genes in the Wnt signaling pathway, find more kinases,
find more members of a protein complex

« “What does my gene do?”

— Goal: determine a gene’ s function based on who it interacts with:
“guilt-by-association”.



“Give me more genes like these”

Input

Network and profile

Wb o , Output
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“What does my gene do?”, Solution #1

Input

Network and profile

Output
UFD2 R”“ YDRO49W
uBxz | >y
G o Q \\ // : TIF4631
ene o ._‘T‘\&cm //
recotmm:rr:der === \\\\“m
. system tnen ' '
Query list yst! \ \
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_| query genes

| proteclysis



Composite functional interaction/linkage/

association networks
CHiP-chip regulation data

A

| Protein-protein
W N e o .interaction data

Co-expression

Co-localization

I Genetic interactions
Other
B Physical interactions

Predicted

Composite
functional
association
network




Blog Contact us About

GENEMANIA

Indexing 1,256 association networks containing 357,605,768 interactions mapped to 134,871 genes from 6 organisms.

related to Go
(type 1 gene per line — example)

Find genes in H. sapiens (human) v
(type or select a species)
Hide advanced options ¥

Upload network help

Networks

Enable: all, none, default (269 of 385 currently enabled)
Sort by: first author, last author, publication date, size

V' Co-expression 20/133 » [ Agnelli-Neri-2009 O
'Z’ Co-localization 2/2 » [ Agnelli-Neri-2007
¥ Genetic interactions 1/1  » [ Alizadeh-Staudt-2000
¥ Pathway 7/7 » [ Arijs-Rutgeerts-2009
v Physical interactions  204/204 » ¥ Barnes-Colbert-2009
V' Predicted 35/36 » [ | Barretina-Singer-2010
[T Shared protein domains 0/2 » [] Baty-Brutsche-2006
7] Uploaded 0/0 » [] Beane-Spira-2007
» [] Berchtold-Cotman-2008
» [ ] Berkofsky-Fessler-Hilton-2009
» [ Bhojwani-Carroll-2006
» [] Bild-Nevins-2006 B
» [ Bild-Nevins-2006 C ) |
» ] Bild-Nevins-2006 A v
Network weighting

Query-dependent weighting

(*) Automatically selected weighting method

() Assigned based on query genes

Gene Ontology (GO)-based weighting

() Biological process based
() Molecular function based
() Cellular component based

Equal weighting

() Equal by network
() Equal by data type

Number of gene results

In the results generated by GeneMANIA, !' 20

+ | related genes will be displayed.



Query-independent composite networks

Pre-combine networks e.g. by simple

oo @777 addition or by pre-determined weights

CDC23
APC11
RAD54 Co-complexed
XRS2 Tong et al. 2001 Jeong et al 2002
DNA
repair
MRE11 UNK?2

Co-expression
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Indexing 1,256 association networks containing 357,605,768 interactions mapped to 134,871 genes from 6 organisms.

Find genes in H. sapiens (human) ¥ related to Go
(type or select a species) (type 1 gene per line — example)
Hide advanced options ¥
Networks
Enable: all, none, default (269 of 385 currently enabled)
Sort by: first author, last author, publication date, size Upload network help
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@ Co-localization 2/2 » [ Agnelli-Neri-2007
¥ Genetic interactions 1/1  » [ Alizadeh-Staudt-2000
¥ Pathway 7/7 » [ Arijs-Rutgeerts-2009
v Physical interactions  204/204 » ¥ Barnes-Colbert-2009
V' Predicted 35/36 » [ | Barretina-Singer-2010
[T Shared protein domains 0/2 » [] Baty-Brutsche-2006
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Network weighting
Query-dependent weighting Gene Ontology (GO)-based weighting Equal weighting
(*) Automatically selected weighting method ’.;‘ Biological process based ’.;.‘ Equal by network
() Assigned based on query genes () Molecular function based () Equal by data type
() Cellular component based
Number of gene results

In the results generated by GeneMANIA, [ 20 + | related genes will be displayed.



Composite networks: One size doesn't fit all

* Gene function could be a/the:
— Biological process,
— Biochemical/molecular function,
— Subcellular/Cellular localization,
— Regulatory targets,
— Temporal expression pattern,
— Phenotypic effect of deletion.

Some networks may be better for some
types of gene function than others



Solution: Query-specific weights

W1 X «— weights \Wz X

Cell
cycle

CDC27

CDC23
APC11

Co-complexed

Jeong et al 2002

RADS54
XRS2

DNA - Oxnsz

. Genetic interactions 61.90 %
repair
T c <N\ Co-complexed 30.90 %
B A 0 —
M RE 1 1 U N Kz \\ T y ‘MRE" e Co-expression 3.87%
; Goocts Km0 -
Co-expression @
(JRADS50

Pavlidis et al, 2002,
Lanckriet et al, 2004
Mostafavi et al, 2008
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Two rules for network weighting

Relevance
The network should be relevant to predicting the function of interest
* Test: Are the genes in the query list more often connected to one another
than to other genes?
Redundancy

The network should not be redundant with other datasets — particularly a
problem for co-expression

e Test: Do the two networks share many interactions

* Caveat: Shared interactions also provide more confidence that the
interaction is real.



Scoring nodes by guilt-by-association

Query list: “positive
examples” mca1 @
® @
CPR3

O @T1DH2
O O
O.5

CDC48



Scoring nodes by guilt-by-association

Query list: “positive

examples” A1 ‘CDC48 Score
‘ .
® CPR3 high
O @T1DH2
O O
e
low
Direct neighborhood TWO main Label propagation
CDC48 )
MCA1 algorithms .CDC48
@ pr3 MCAL
% ® @crrs
o O ® TDH2 3 .
O O O

O



Node scoring algorithm details

* Direct neighbour node score depends on:
— Strength of links to positive examples
— # of positive neighbors

 GeneMANIA Label propagation node score depends on:
— Strength of links and # of positive direct neighbors
— # of shared neighbors with positive examples
— “modular structure” of network



Label propagation example

Before




Three parts of GeneMANIA:

 Alarge, automatically updated collection of interactions networks.

A query algorithm to find genes and networks that are functionally
associated to your query gene list.

 Aninteractive, client-side network browser with extensive link-outs



GeneMANIA data sources

zene Expression Omnmibus

Retference Database

Pathway

IntAct Commons Pathways
MINT Physical interactions
Z

¥ =y eactome Genetic interactions*

IAIQW
CER
{E\jﬁlu [t

nature

..’En e@srlyf+—> Shared domains

Predicted interactions**

PRES . W n

Legend
* minor curation

** major curation

-Gene ID
mappings from
Ensembl and
Ensembl Plant

-Network/gene
descriptors
from Entrez-
Gene and
Pubmed

- Gene
annotations
from Gene
Ontology, GOA,
and model org.
databases

MGI, Chemogenomics



Gene identifiers

All unique identifiers within the selected organism: e.g.
— Entrez-Gene ID
— Gene symbol
— Ensembl ID
— Uniprot (primary)
— also, some synonyms & organism-specific names

We use Ensembl database for gene mappings (but we mirror it
once / 3 months, so sometimes we are out of date)



Current status

Six organisms:
— Human, Mouse, yeast, worm, fly, A Thaliana, [Rat coming soon]

~1,250 networks (about 50% co-expression, 35% physical
interaction)

Web network browser



Cytoscape plugin

4@ K 'MacBreakZ 4 o =in
_Cytoscape Desktop (New Session)

ut B2 UGS Help
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Update Plugins
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Advanced Network Merge
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GeneMANIA » Search...

MANIA Results
Switch Data Set...

About...
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s
http://www.genemania.org/plugin/
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—vailabe Data

Organisms Networks Genes Interactions Version
1 76 20247 9394174 2010-04-28 ( Manage Data )

~Choose Query Genes

Organism: | C. elegans (worm) |4 ]

| e —

Name ' Description

unc-18 (UNC18_CAEEL) unc-18 encodes the C. elegans ortholog of Saccharomyces cervisiae SEC1 and mammalian Munc18 proteins. L
unc-30 (UNC30_CAEEL) unc-30 encodes a homeodomain-containing protein that is orthologous to the Pitx family of homeodomain trar
unc-4 (UNC4_CAEEL)  The unc-4 gene encodes a paired-class homeodomain protein with homologs in Drosophila and vertebrates. |
unc-5 (UNCS_CAEEL) unc-5 encodes a netrin receptor. unc-5 activity is required cell autonomously for dorsalward cell and pioneer

— SXI

( Remove ) (' Remove All )

~Choose Interaction Networks
Select: all, none, default.

¥ Co-expression (3/10 (] Baugh-Hunter-2005

# Co-loc ] Fox-Miller-2007 A

# Genetic interactions (2/4) ] Fox-Miller-2007 B

[ ] Other (0/1) [ Kirienko-Fay-2007

# Physical interactions (4/8) . ] Lee-Marcotte-2008 Co-expressi|l|

(] Predicted (0/50) M Lewis-Jackson-2009

[ Shared protein domains (0/2) ) McElwee-Gems-2004
[ Stuart-Kim-2003 )
W Troemel-Kim-2006 v

[E——

Find the top 10 related genes using [ automatic g weighting.
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Welcome to Cytoscape 2.7.0 Right-click + drag to ZOOM Middle-click + drag to PAN
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GeneMANIA future directions

Rat (1-3 weeks), next is probably E. Coli

Non-coding genes (miRNAs!!!!)

Regulatory networks (ChIP, RNA-protein, miRNA-mRNAs)
More phenotypic information (OMIM, etc)

Orthology mapping for inferring interologs



GeneMANIA URLs

Main site (stable but still fun):
http://www.genemania.org

Beta site (new and edgy but possibly unreliable):
http://beta.genemania.org




Pathways: representation and visualization



Pathways

A biological process
— However, there is no precise biological definition of a pathway

Start point is important or easily accessible stimulus (e.g. EGF
hormone, drug)

End point is a chosen readout (e.g. reporter gene expression,
protein phosphorylation, production of a metabolite)



Pathway Information

Databases

— Fully electronic

— Easily computer readable
Literature

— Increasingly electronic

— Human readable
Biologist’ s brains

— Richest data source

— Limited bandwidth access
Experiments

— Basis for models




PO 'I' h g U Id €  the pathway resource list

4 >320 Pathway

S
:, [Navigation Complete Listing of All Pathguide Resources
Protein-Protein
GJ Dl Pathguide contains information about 222 biological pathway resources. D a ta b a S e S I
Click on a link to go to the resource home page or 'Details’ for a description b
Metabolic Path
-O s g |‘|, cpa hways page. Databases that are free and those supporting BioPAX, CellML, PSI-N..
* o— P or SBML standards are respectively indicated. Get the Stats LU
Pathway Diagrams Dctan;d Pathgu;dg resource
- ) Transcription Factors / | If you know of a pathway resource that is not listed here, or have other statistics now available
QO Gene Regulatory questions or comments, please send us an e-mall. Pathguide Published
Networks Plpase cite the Pathouide
s Protein-Compound
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'I-, Genetic Interaction
m Networks . . .
Protein Sequence Protein-Protein Interactions
Q Focused Database Name (Order: alphabetically | by web popularity @) Full Record Availabilty Standards
Other
N~ - 3DID - 3D interacting domains Details
\ o_j?:i'ms ABCdb - Archaea and Bacteria ABC transporter database Details
e ° All LI AfCS - Alliance for Cellular Signaling Molecule Pages Database Details
AllFuse - Functional Associations of Proteins in Complete Genomes Details
add Avallabllity ASEdb - Alanine Scanning Energetics Database Detalls
fd All ll ASPD - Artificial Selected Proteins/Peptides Database Details >
Standards BID - Binding Interface Database Details
I All ll BIND - Biomolecular Interaction Network Database Details
Reset | Search | | BindingDB - The Binding Database Detalls
BioGRID - General Repository for Interaction Datasets Details ALl
Y BRITE - Biomolecular Relations in Information Transmission and Expression Details
CA1Neuron - Pathways of the hippocampal CA1 neuron Details
= Cancer Cell Map - The Cancer Cell Map Details
omments, Questions,
Suggestions are CSP - Cytokine Signaling Pathway Database Details
Always Welcomel CTDB - Calmodulin Target Database Details
DDIB - Database of Domain Interactions and Bindings Details
DIP - Database of Interacting Proteins Details LI
Doodle - Database of oligomeri; T o ' ) -
DopaNet - DopaNet eVaried formats, representation, coverage

DRC - Database of Ribosomal (

Vul PaviSl osu-Dynamicsinaina Maps @ Pathway data extremely difficult to combine

SYIVa Dona Idson FIMM - Functional Molecular Imi
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Biological Pathway Exchange (BioPAX)

Software

Database
User
Before BioPAX A.’;ter BioPAX
>100 DBs and tools Unifying language

Tower of Babel

Reduces work, promotes collaboration, increases accessibility



BioPAX Pathway Language

Represent:

— Metabolic pathways

— Signaling pathways

— Protein-protein, molecular interactions
— Gene regulatory pathways

— Genetic interactions

Community effort: pathway databases distribute pathway information
in standard format

www.biopax.org
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Col

BioPAX Supporting Groups

ny Participants

Memorial Sloan-Kettering Cancer Center: E.Demir, M. Cary, C.
Sander

University of Toronto: G. Bader

SRI Bioinformatics Research Group: P. Karp, S. Paley, J. Pick
Bilkent University: U. Dogrusoz

Université Libre de Bruxelles: C. Lemer

CBRC Japan: K. Fukuda

Dana Farber Cancer Institute: J. Zucker

Millennium: J. Rees, A. Ruttenberg

Cold Spring Harbor/EBI: G. Wu, M. Gillespie, P. D'Eustachio, .
Vastrik, L. Stein

BioPathways Consortium: J. Luciano, E. Neumann, A. Regev, V.

Schachter

Argonne National Laboratory: N. Maltsev, E. Marland, M.Syed
CST: Peter Hornbeck, David Merberg (Vertex)

AstraZeneca: E. Pichler

BIOBASE: E. Wingender, F. Schacherer

NCI: M. Aladjem, C. Schaefer

Universita di Milano Bicocca, Pasteur, Rennes: A. Splendiani
Vassar College: K. Dahlquist

Columbia: A. Rzhetsky

laborating Organizations
Proteomics Standards Initiative (PSI)
Systems Biology Markup Language (SBML)
CellML

Chemical Markup Language (CML)

Databases

BioCyc, WIT, KEGG, PharmGKB, aMAZE, INOH,
Transpath, Reactome, PATIKA, eMIM, NCI PID,
CellMap, NetPath

Wouldn’ t be possible without

Gene Ontology
Protégé, U.Manchester, Stanford

Grants/Support

Department of Energy (Workshop)
caBIG




Protein
availability (String*)
name (String*)
comment (String™)
. . xref (Xref*)
PhyS|caIEnt|ty dataSource (Provenance*)
evidence (Evidence™)
feature (EntityFeature™)

Small notFeature (EntityFeature®)
memberPhysicalEntity (Protein*)
cellularLocation
Complex (CellularLocationVocabulary*)

entityReference (ProteinReference)

Molecularinteraction Geneticlnteraction]

[TempIateReactionReguIation] [TransportWithBiochemicalReaction] [Degradation]

Complex

) . Biochemical
[Catalyms] Modulatlon] [ Reaction Assembly




~
rAKT1 is a ProteinReference
has standard-name "AKT1"
has name "PKB"

khas xref Uniprot-P31749

hsp90 AKTF -

~

p
p@308 is a ModificationFeature
has featureLocation AKT1-308
has modificationType
phosphorylationj

-

AKT1.1 is a Protein

has proteinReference rAKT1
has notFeature p@308

has notFeature p@473

reactionl is a BiochemicalReaction
has left AKT1.2

has right AKT1.1

is left-to-right.

catalysisl is a Catalysis
has controller PP2A.1

has controlled reactionl
has direction irr-left-to-right

AKT1.2 is a Protein

has proteinReference rAKT1
" has feature p@308

has notFeature p@473

assemblyl is a ComplexAssembly
has left HSP90.1

- has left AKT1.3

has right complex1

is reversible

complex1l is a Complex
has component AKT1.4
has component HSP90.2

HSP90.2 is a Protein
has proteinReference rHSP90
is boundTo AKT1.4

AKT1.4 is a Protein

has proteinReference rAKT1
has feature p@308

has feature p@473

is boundTo HSP90.2




<bp:biochemicalreaction rdf:1D="biochemicalreaction37">
<bp:DATA-SOURCE rdf:resource="#dataSourceld" />
<bp:LEFT>
<bp:physicalentityParticipant rdf:ID="physicalEntityParticipant26">
<bp:STOICHIOMETRIC-COEFFICIENT>1. 0</bp:STOICHIOMETRIC-COEFFICIENT >
<bp :PHYSICAL-ENTITY>
<bp:smallMolecule rdf:I1D="smallMolecule2?">
<bp:SHORT-NAME rdf:datatype="http:/Swww.w3.0rg/ 2001,/ MLSchema#string”
>a-D-glu-6-p</bp: SHORT-NAME >
<bp :CHEMICAL-FORMULA rdf:datatype="http:/ www.w3.0rg/ 2001/ XMLSchema#string'
>CHHL309P</bp : CHEMICAL-FORMULA>
<bq:SYNONYMS rdf:datatype="http://www.w3.org/ZOOI/XMLSchema#string"
>&11T; FONT FACE="Symbol">a&1t; /FONT>-D-glucose-6-phoshate</bp:SYNONYMS:>
<bp :XREF>
<bp:unificationxref rdf:I1D="unificationxref30">
<bp:ID rdf:datatype="http:/  www.w3.o0rqg/ 2001/ XMLSCchema#string"
>C00668</bp:ID>
<bp:DB rdf:datatype="http://www.w3.0rg/ 2001,/ XMLSchema#string”
>KEGG</bp:DB>
</bp:unificationxref:
</bp 1 XREF>
<bp:XREF rdf:resource="#unificationxref2o"/>
<bp:MOLECULAR-WEIGHT>260.l4</bp:MOLECULAR—WEIGHT>
<bp:AVAILABILITY rdf:datatype="http:/Swww.w3.0rg/ 2001/ >MLSchema#string”
>see http:/www.amaze.ulh.ac.be/</bp:AVAILABILITY>
<b$:SYNONYMS rdf:datatype="http:/ www.w3.0rg/ 2001,/ MLSchema#string”
>glucose-6-P</bp: SYNONYMS>
<bp:DATA-SOURCE rdf:resource="#dataSourceld" />
<b?:SYNONYMS rdf:datatype="http://wwwv.w3.0rg/ 2001/ XMLSchema#string”
»>alpha-D-glucose-6-p</bp: SYNONYMS>
<bp:STRUCTURE>
<bp:chemicalstructure rdf:I1D="chemicalstructurez28">
<bp :STRUCTURE-FORMAT >SMILES</bp: STRUCTURE-FORMAT >
<bp : STRUCTURE-DATA>C (0P (=0) (0)0) [CH]1( [CH] (0) [CH] (o) [CH] (0] [CH] (0)01)</bp: STRUCTURE-DATA>
</bp:chemicalstructures
</bp :STRUCTURE>
<bp:NAME>aTpha-D-glucose 6-phosphate</bp:NAME>
<bq:SYNONYMS rdf:datatype="http:/Swww.w3.0rg/ 2001,/ >MLSchema#string”
»alpha-p-glucose-6-phosphate</bp: SYNONYMS>
<bp:syYNONYMS rdf:datatype="http://www.w3.0rg/ 2001,/ MLSCchema#string”
> D-glucose-6-P</bp:SYNONYMS>
<bp:DATA-SOURCE rdf:resource="#KB_439584_Individual_47"/>
</bpismalimolecules
</bp:PHYSICAL-ENTITY>
<bp:CELLULAR-LOCATION rdf:resource="#openControlledvocabularyls"/ >
</bp:physicaleEntityParticipant>
</bp:LEFT>
<bp:DELTA-G rdf:datatype="http:/ www.w3.0org/2001,/>MLSchema#double"
>0.4</bp:DELTA-G>
<bq:SYNONYMS rdf:datatype="http:/Swww.w3.0rg/ 2001,/ MLSchema#string”
>g pha-p-Glucose 6-phosphate &I1t;=> beta-D-Fructose 6-phosphate </bp:SYNONYMS>
<bp :RIGHT >
<bp:physicalentityParticipant rdf:ID="physicaleEntityParticipant38">
<bp :CELLULAR-LOCATION rdf:resource="#openControlledvocabularyls"/ >
<bp:PHYSICAL-ENTITY>
<bp:smaliMmoTlecule rdf:ID="smallMolecule3s">

XML Snippet (OWL)
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BioPAX uses
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C—— - ———

Pathway Visualization From Database

S —

Visualization
Software

Pathway Analysis of Genomics Data

P—th o © )
athway
Data \ @ p
-
::; Analysis O
GenomTcs Software Find active
Data BT pathways




Aim: Convenient Access to Pathway Information

http://www.pathwaycommons.org F 0 *‘ —| \AZNN 7
community pathway databases C O m m O nS

Eg ¥ — @W szr\"rj T

7 t 1 Y, kece MINT [g‘

IntAct Cytoscape query % % %
open access CellDesigner o 4
\, ] GenMAPP analyze
‘ Virtual Cell

Py molecular profiles
Reactome ¥
. » | - c 5
A ] — 1 “> NCE ‘ genomes
PUMA2 ]I ¢ Ensembl

literature context

Facilitate creation and communication of pathway data
Aggregate pathway data in the public domain
Provide easy access for pathway analysis

Long term: Converge
to integrated cell map




LL

//pathwaycommons.org

PO -I- h WO y Search and visualize public biological pathway information. Single point of access.

[more...]

Commons

Data Sources | Download | FAQ | Web Service
Send us your feedback. Sign up for Pathway Commons announcements. 5 RSS Feed

Using Pathway Commons:

Search Pathway Commons:
Biologists: Browse and search pathways across multiple
( Search ) valuable public pathway databases.
To get started, enter a gene name, gene identifier or pathway name in the text Computational biologists: Download an integrated set
box above. For example: BRCA1, P38398 or mTOR. of pathways in BioPAX format for global analysis.
To restrict your search to specific data sources or specific organisms, update Software developers: Build software on top of
your global filter settings. Pathway Commons using our web service API. Download

and install the cPath software to create a local mirror.
What's New:

e Newr July 2, 2009:
o Batch Download of all Pathway Commons data in multiple file formats is

Current Data Sources:

Pathway Commons currently contains the following data
sources (batch download):

now available.

o Systems Biology Center New York - IMID data set (December 17, 2008 4 /"‘*».; Mantd on Bl

Version 27). IO (\_%," Casxcer Center Eopmﬁgo n&ﬂ;ﬁ;
o Latest Reactome data set (June 24, 2009 Version 29). e
o Latest HumanCyc data set (June 22, 2009 Version 13.1). ~©.HUMANCYC /nt/.\ct

o All yeast proteins are now annotated with UniProt functional annotation. ‘ SBCNY

e March 1, 2009: MINT .Eeactome

BioGRID data set (January 28, 2009 Version 2.0.49).

o]

o Latest Reactome data set (December 17, 2008 Version 27).
o Latest HumanCyc data set (October 15, 2008 Version 12.5). Pathway Commons Quick Stats:
o Neighborhood maps added to protein pages. Number of Pathways: 1,449

e July 24, 2008: Number of Interactions: 421,395
o Latest Reactome data set (June 30, 2008 Version 25). Number of Physical Entities: 88,509
o All human, mouse and rat proteins are now annotated with UniProt Number of Organisms: 441

functional annotation.
o Improved search support for gene symbols.
o Stable links now available for linking out to protein pages.

Integration of additional data sources is planned in the
near future. For a comprehensive directory of interaction
and pathway databases, please refer to Pathguide.




Pathway

Commons os3 o  searen

Pathway Commons is a work in progress. We welcome your feedback. Email us at: pc-info@pathwaycommons.org.

| Home | Fiter | FAQ | About | creats [RRESGIEH

Searched for: p53
Pathway Commons completed your search for "p53" and found 22 relevant records:

Narrow Results by Type: Showing Results 1 - 10 of 22 | Next 10

= All Types (45)

= Pathway (22) < memmmmms Pathway: Transcriptional activation of p53 responsive genes =
= Protein (23)
Summary:
Narrow Results by Data Source: p53 causes G1 arrest by inducing the expression of a cell cycle inhibitor, p21 (El-Deiry et al, 1993; Harper et al, 1993; Xiong et al, 1993). P21
= All Data Sources (22) 4 binds and inactivates Cyclin-Cdk complexes that mediate G1/S progression, resulting in lack of phosphorylation of Rb, E2F sequestration and cell
= Cancer Cell Map (2) cycle arrest at the G1/S transition. Mice with a homozygous deletion of p21 gene are deficient in their ability to undergo a G1/S arrest in
= NCI / Nature Pathway response to DNA damage (Deng et al, 1995).
Interaction Database (3)
= Reactome (17) Data Sources:
[Update Filter Settings] = Reactome

e ... p53 causes G1 arrest by inducing the expression of a cell cycle inhibitor, p21 (El-Deiry et al, 1993; Harper et al, 1993; Xiong et al, 1993).

mmmmm  Pathway: Stabilization of p53

* ... ATM also regulates the phosphorylation of p53 at other sites, especially Ser-20, by activating other serine/threonine kinases in response to
IR (Chehab et al, 2000 ...

—-— Pathway: p53-Dependent G1 DNA Damage Response

* Most of the damage-induced modifications of p53 are dependent on the ATM kinase. ... The first link between ATM and p53 was predicted
based on the earlier studies that showed that AT cells exhibit a reduced and delayed induction of p53 following exposure to IR (Kastan et al,
1992 and Khanna and Lavin, 1993). ...pUnder normal conditions, p53 is a short-lived protein ...

— Pathway: p53-Dependent G1/S DNA damage checkpoint

* The arrest at G1/S checkpoint is mediated by the action of a widely known tumor suppressor protein, p53. ... Loss of p53 functions, as a result
of mutations in cancer prevent the G1/S checkpoint (Kuerbitz et al, 1992). ... P53 is rapidly induced in response to damaged DNA.

- Pathway: p53-Independent G1/S DNA damage checkpoint
* The G1 arrest induced by DNA damage has been ascribed to the transcription factor and tumor suppressor protein p53.

—-— Pathway: G1/S DNA Damage Checkpoints

« In the G1 phase there are two types of DNA damage responses, the p53-dependent and the p53-independent pathways. ... The p53-dependent
responses inhibit CDKs through the up-regulation of genes encoding CKIs mediated by the p53 protein, whereas the p53-independent
mechanisms inhibit CDKs through the inhibitory T14Y15 phosphorylation of Cdk2.

- Pathway: Cell Cycle Checkpoints

http://pathwaycommons.org



Access From Cytoscape
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Download Service

http://www.pathwaycommons.org/pc-snapshot/

Name Last modified Size Description
: Parent Directory -
README. TXT 29-Jun-2009 12:28 4.1K
[23 biopax/ 29-Jun-2009 12:27 -
@ gene sets/ 29-Jun-2009 12:28 -
[:3 gsea/ 29-Jun-2009 12:28 -
Ej sif/ 29-Jun-2009 12:28 -
E:J tab delim network/ 29-Jun-2009 12:28 -




Pathway Visualization: Pathvisio

Data Source:  GeaMAPP 2.0
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What Have We Learned?

 Where can you get pathway information?
— Databases, literature, experts, experiments

 Many databases exist
— Increasing convenience, but still difficult to combine and use
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Gene List and Network Analysis Overview

Annotation (Ensembl)
Expression
Phenotypes

Gene List Gene Attributes

iRefWeb, GeneMANIA,

Network AgilentLitSearch, STRING

Functional
Interactions

Protein-Protein
Interactions

Regulatory Network

Network
Visualization

Regulatory Gene function
network analysis prediction

STRING ClusterMaker
GeneMANIA ActiveModules
Reactome Fl

Cytoscape

Module detection
(network clustering)

Gene set
enrichment analysis

BinGO NetMatch



Cytoscape Workflow

Piet Molenaar



Cytoscape Workflow

Load Networks (import network data into Cytoscape]
Load Attributes (Get data about networks into Cytoscape)|
Analyze and Visualize Networks

Prepare for Publication

B w N e

A specific example of this workflow:

— Cline, et al. “Integration of biological networks and gene expression data using
Cytoscape”, Nature Protocols, 2, 2366-2382 (2007).

Attributes —» 4@;

humangenetics-amc.nl



All kinds of network data...

* Physical interactions
— Protein — Protein interactions
— Protein — DNA interactions
— Metabolic interactions
* Functional interactions
— Co-expression relations
— Genetic interactions
— Knockout/siRNA — targets

Attributes ——

humangenetics-amc.nl



Pre-formatted Network Files

» Cytoscape supports many popular file formats:
» SIF (Simple Interaction Format]|
» GML (Graph Markup Language|
» XGMML (eXtensible Graph Markup and Modeling Language)|
» BioPAX (Biological Pathway Datal|
» PSI-MI 1 & 2.5 (Protein Standards Initiative]|
» SBML Level 2 (Systems Biology Markup Language}
» KGML (KEGG Markup Language)|

* Available for download from data sources (URLs, web-services,
formatted table files)

) /_\I
Qetworks>———| Atributes | ——~Analyze———<¢




Internet Databases

* Cytoscape version 2.6

— web service clients: import
networks directly from several
trusted internet resources o0

Import Network from Database

» IntAct (EMBL-EBI)

Import Network From Database @

» PathwayCommons (collection
of

data resources)

Data Source ' IntAct Web Service Client T] About
» NCBI Entrez Gene
. . |
> Many more will be included... il
/ Clear ) / Cancel \ / Search \




Text Mining

Computationally extract gene relationships from text, usually PubMed
abstracts

Literature search tool, lots of network data
BUT not perfect

— Problems recognizing gene names
— Natural language processing not perfect

Agilent Literature Search Cytoscape plugin

Others: E.g. iHOP
— www.ihop-net.org/UniPub/iHOP/



< Agilent Literature Search 1.0.4

Edit ¥iew Help

=10 x| ‘@ Cytoscape Desktop

File  Edit

Data Select Layout Visualization Plugins Help Filters

Terms Context

ESFERB |  atherosclerosis
EDN1
EGFR
LMMNA
PDK2
TRAF1
WBSCR14

Match Controls

lEl] = Organism:lHomo sapiens 'J
Query Controls Extraction Controls

Use Context: @} Interaction Lexicon:

Max Engine Matches: l

Query Editor

ERRAE e
({csf2rb OR ilSrb OR cd131 OR cdw131 OR il3rb)) AND atherosclerosis

({edn1 OR et1)) AND atherosclerosis

({eqfr OR mena OR erbb OR erbb1)) AND atherosclerosis

({Imna OR Imnc OR cmt2b1 OR fpl OR Ifp OR hgps OR emd2 OR Idp1 OR Imn1 OR fpld)) AND atherosclerosis
(PDK2) AND atherosclerosis

({traf1 OR mgc:10353 OR ebi6)) AND atherosclerosis

({wbscr14 OR ws-bhlh OR chrebp OR mondob OR mio)) AND atherosclerosis

(X ][ m]|[»]

Query Matches

- il Bl R WA Eo—
Network | Nodes | Edges :/1_| _ ‘

i | Homo sapiens

on Controls

Modes: 46 (0 selected) Edges: 77 (0 selected)

Use Aliases: (@) Use Context

Interaction Lexicon: | limited ¥

Query Editor

NS re A s SE s Tt T T A R 1 oo S

(CRKL) AND atherosclerosis

({csf2rb OR ilSrb OR cd131 OR cdw131 OR il3rb)) AND atherosclerosis

({edn1 OR et1)) AND atherosclerosis

({egfr OR mena OR erbb OR erbb1)) AND atherosclerosis

({Imna OR Imnc OR cmt2bl OR fpl OR Ifp OR hgps OR emd2 OR Idp1 OR Imn1 OR fpld)) AND atherosclerosis
(PDK2) AND atherosclerosis

((traf1 OR mgc:10353 OR ebi6)) AND atherosclerosis

({wbscr14 OR ws-bhlh OR chrebp OR mondob OR mio)) AND atherosclerosis

(X[ m|[»]

Query Matches

Results

1. Association between the eNOS {Glu2984sp) and the RAS genes polymorphisms and premature

coronary artery disease in a Turkish population (hy Berdeli A, Selcuri C Sivvi Carn F, Eveam E Sagean

A, Tengiz I Esey E Akin M),
BACKGROUND: The renin-angiotensin systera (RAS) and endothelial nitric oxide (NO) affect the pathogen...
Source:

[PubMed] http:ffanzrw nebinlm nih govientreziquery fegi?crd=Retrieve&db=pubred&dopt=Abstract&list_uids=155638

75

-




Cytoscape Network produced by Literature Search.
-~lox

File Edit Data Select Layout Visualization Plugins Help Filters

i @%ﬁw@ﬁ( S P 3
Network | Nodes | Edges |47 |

Abstract from the scientific literature

o — =lolx|
| (4]

I;i.nlm.nih.gu sery.fegizemd: ieveadb=pubmedadopt=Abstractalist_uids= j ® 6o I@,
“'bel2I1 (pp) bel2al
Edit Edge —
Attribute Browser aation~ ¥ Miscellaneous~ [ Outline™ Q Resize~ !@ validation~ AL View Source ‘f) Options~ 2 Y ) Sentences for an edge

A1 Agilent Literature Search Sentences

BCL2L1 -> BCL2A1 Agilent Literature Search Sentences Save

Hi ucose mh1b1ts apoptosis in human COoto an smooth muscle cells by increasing bel- xL and bfl-1/41.

hysiol. 2002 Aug,283(2):C422-8. Related Aticles, Links

1 M i E
thibits apoptesis in human coronary artery smooth muscle cells by increasing
/AL,
moto M, Okumura M, Kejima T, Maruyama T, Yasuda K.
1 f Internal Medicine, Gifs University School of Medicine, Gifu 500-8705, JTapan.

Nodes: 46 (0 selected) Edges: 77 {0 selected)

A ATOVASCUlAr Alsease is a serious complication in diabetic patients. To elucidate the precise mechanisms of atherosclerosis
in diabetic patients, the effects of high glucose concentration (25 mM) on apoptosis regulation and bel-2 family protein
expression in human coronary artery smooth muscle cells (CASMC) were examined. Treatment with a high level of glucose
(25 mM) caused a significant decrease in apoptosis in CASMC compared with the same cells treated with a physiologically
normal glucose concentration (5.5 mM) (23.9 +/- 2.4% vs. 16.5 +/- 1.8%; P < 0.01). With respect to apoptosis
regulation, treatment of CASMC with high glucose concentration markedly increased mRINA expressions of bel-xL and
bfl-1/41 compared with cells treated with normal glucose. High glucose induced phosphorylation of phosphatidylinositol
3-kinase (PI 3-K) and extracellular signal-regulated kinase (ERK)1/2 along with bel-2L and bl-1/41 upregulation. These
results suggest that high glucose suppresses apoptosis via upregulation of bel-xL and bfl-1/41 levels through PI 3-K and
ERK 1/2 pathways in CASMC. High glucose-induced increase in the expression of antiapoptotic proteins may be important
in the development of atherosclerosis in diabetic patients.

PMID: 12107051 [PubMed - indexed for MEDLINE]

Display | Abstract ~lshow|20 ~|[Sotby ~|[Sendto x|

Wirite to the Help Desk
NCBI | NLM | NIH

Department of Health & Hurman Services
Privacy Staternent | Freedom of Information Act | Disclaimer

4




Demo Creating Network
From Internet Database

Attributes

- CAnalyze >———~<Fublish>
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Cytoscape Workflow

Load Networks (Get network data into Cytoscapel]]

Load Attributes (Get data about networks into Cytoscape)
Analyze and Visualize Networks

Prepare for Publication

Attributes _> 4@

humangenetics-amc.nl




What are Attributes?

* Any data that describes or provides details about the nodes and
edges in the network

— Gene Expression Data
— Mass Spectrometry Data

— Protein Structure Information
— Gene Ontology (GO) terms

— Interaction Confidence Values, etc

e Cytoscape support multiple data types
— Numbers (integer, float)
— Text (string)

— Logical (Boolean)

— Lists...

Attributes

- CAnalyze >——-<Fublish>




Attribute Management

K Data Panel 7777777777777/ 77 ZY=]E3
Select Attributes e
Or ISp ay / ID | annotation.GO BIOLOGICAL_PROCESS gallRGexp gallRGCsig | gal4RCexp
YGR136W [biological_process]) -0.167 2.4958E-4 -0.163 -
YOR355W [aerobic respiration] -0.176 1.6613E-4 -0.044
YNROS53C [ribosomal large subunit export from nucle... 0.352 2.1301E-7 -0.238
YPRO41W [mature ribosome assembly, regulation of ... -0.059 0.11203 -0.243
YER110C [protein import into nucleus] 0.05 0.26052 -0.233
YPRO35W [glutamine biosynthetic process, nitrogen ¢... -0.197 2.3885E-5 -1.06
YGL208W [cell aging, cellular response to glucose sta... 0.354 1.7995E-6 0.406
Node Or YER133W [35S primary transcript processing, cell bu... 0.051 0.20733 -0.085
YLR377C [gluconeogenesis) 0.873 2.1938E-10 1.067
Ed I D YJRO6OW [chromatin assembly or disassembly, chro... 0.165 0.0013953 -0.306
ge YDL215C [nitrogen compound metabolic process] 0.485 9.0717E-9 0.242
YJL159W [cell wall organization and biogenesis] -0.357 6.8879E-8 0.111
YPR167C [methionine metabolic pr ” sulfate ass... -0.066 0.17278 -1.034
YKR099W [histidine bios fC process, purine bas... 0.466 6.1231E-6 -0.936
YBLO79W [NLS- ffig substrate import into nucleu... -0.186 2.5668E-4 -0.032
YNL236W anscription from RNA polymerase |l pro... -0.146 0.018347 -0.218
[Golgi to plasma membrane transport, ves... -0.822 2.1741E-11 0.256
. g [Rho protein signal transduction, actin fila... -0.155 3.4013E-4 0.05
Strlngs and / YNL145W [pheromone-dependent signal transductio... -0.764 3.148E-11 -0.098 E
: D
ﬂOatI ng . Node Attribute Browser | Edge Attribute Browser / Network Attribute Browser /

type of

attributes Specific Attribute Tabs

190 Attributes —> <®




Load Attributes:
Import Attribute Files

 Map data about Networks onto Networks.

e Attributes can be loaded in many of the same ways as
networks.

» Import pre-formatted attribute files

» Import formatted text or Excel files

» Create attributes manually in attribute editor
» Load attributes from web services

» |D mapping though node attributes




Public Sources of Gene Attributes

Ensembl BioMart (eukaryotes)

— http://www.ensembl.org

Entrez Gene (general)

— http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene
Model organism databases

— E.g. SGD: http://www.yeastgenome.org/

Many others: discuss during lab



Ensembl BioMart

Convenient access to gene list annotation

Dataset

Homo sapiens genes (GRCh37)

Filters

[None selected]
Attributes

Ensembl Gene ID
Ensembl Transcript

[ Ensembl Genes 58

| Homo sapiens genes (GRCh37)

Select genome

REGION:

GENE:

TRANSCRIPT EVENT:

GENE ONTOLOGY:
EXPRESSION:

MULTI SPECIES COMPARISONS:
2 PROTEIN DOMAINS:

[ Limit to genes ...
[ Limit to genes with these family or domain IDs:
O Transmembrane domains

[ Signal domains

VARIATIONS:

with Protein feature scanprosite ID(s) ﬂ ® Only
O Excluded

| Ensembl Protein Family ID(s) [e.g. ENSFM00250000000002] _3}

@Only
OExcluded

Select filters

Select attributes
to download

@Only
OExcluded

@® Features O Homologs
O Structures O Variations
O Transcript Event O Sequences

GENE:

EXTERNAL:
EXPRESSION:
PROTEIN DOMAINS:




9 Cytoscape Desktop (New Session) &, Biomart Web Service Client )

File Edit View Select Layout Plugins Help

==

Control Panel
fs Network | vizapper™ | Editor | Filters |

Network

Wnt_signaling_(NCI_/_76(0) 363(0)

QaRa@EE L

Wnt sngnalmg (NCI

Data Panel

M0

D | AfyHGU133P

Query |

~Data Source

::::mart

IENSEMBL 54 GENES (SANGER UK) - Homo sapiens genes (NCBI36)

Key Attribute

Attribute: |10

Data Type: |EntrezGene ID(s)

Available attributes

Ll L«

_I_IWW_ITITIQQ_I_I_IWW_I_I_I

5'UTR Start (5_utr_star)

Aedes Chromosome (aedes_chromosome)

Aedes Chromosome End (hp) (aedes_chrom_end)

s Chromosome Start (bp) (aedes_chrom_start)

s Ensembl Gene ID (aedes_ensembl_gene)

Aedes

Aedes Ensembl Protein ID (aedes_homolog_ensembl_peptide)
Affy HC G110 (affy_hc_g110)

Affy HG FOCUS (affy_hag_focus)

Affy HG U133-PLUS-2 (affy_hg_u133_plus_2)

Affy HG U133A (affy_hg_u133a)

Affy HG U133A_2 (affy_hg_u133a_2)

i

Affy HG U133B (affy_hg_u133h)

Affy HG U95A (affy_hg_u95a)
Affy HG U95AV2 (affy_hg_u95av2)
Affy HG U95B (affy_hag_u95h)
Affy HG U95C (affy_hg_u95¢c)
Affy HG U95D (affy_hg_u95d)

Reset |

Cancel |

Import |

=

T

Node Attribute Browser | Ecomrememsrere e oo

Welcome to Cytoscape 2.6.1 Right-click + drag to ZOOM

Middle-click + drag to PAN
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Cytoscape Workflow

Load Networks (Get network data into Cytoscapel]]

Load Attributes (Get data about networks into Cytoscape)|
Analyze and Visualize Networks

Prepare for Publication

Attributes —» <Publish>
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1. Network Data

Visual Data Integration

YDR382W pp YDL130W
YDR382W pp YFLO39C
YFLO39C pp YCLO40W
YFL0O39C pp YHR179W

2. Attribute Data

ExpressionValue
YCLO40W = 0.542
YDL130W = -0.123
YDR382W = -0.058
YFLO39C = 0.192
YHR179W = 0.078

VizMapper
—>
-0.8
0.0
::> . 0.6

'YHR179W

YCLO40W

\_/

: YDL130OW

YFLO39C

'YDR382W

\ /

Attributes |

- Cnalyze S <Fublish>




List of Visual
Styles

List of Visual
Attributes

VizMapper

Control Panel

Yo Network ' VizMapper™ '\ Filters ' Editor |
Current Visual Style

Idefault

]

5l -

Defaults

Default Visual

Style Editor

= Node Visual Ma...

_
™= Node Color

Node Label

= Unused Propert...

Graphical View

Visual Mapping Browser

gal80Rexp

-150
ID

——List of Data

Mapping Type Continuous Mapping Attrl bUteS

3.13

T Mapping definition

v

Attributes ——




Types of mappings

Continuous Data mapped to Continuous
Visual Attributes (e.g. gene expression levels
mapped to node color)

Continuous Data mapped to Discrete Visual
Attributes (e.g. p-value categories mapped
to node shape)

Discrete (categorical) Data to Discrete Visual
Attributes (e.g. GO annotation mapped to
node shape)

Discrete Data mapped to Continuous Visual
Attributes (e.g. multiple GO terms mapped
to pie coloring)

Attributes ——




Demo Applying Vizmapping

Attributes

- Cnalyze S <Fublish>




VistaClara

* Visualization for gene expression data
* Heat maps, sorting, animation

gallRGexp
gald4RGexp
gal80Rexp
gal4RGexp
gal80Rexp
gallRGexp
gal4RGexp
gal80Rexp

o
=
§
[+ 4
-
=
o

Fle Edt View Select Layot Pugns Mep

EE Qe 8 @ -
Control Panel S 1 veast Network (galFiltered.gml)
Y5 Network | vedMspper™ | Edeor | Fiters

Data Panel 2
Sy |
4 Name canonicaliame GO Comman ... spechs odIRGexp GURGexp gasiRexp
RT i { $ e
59 | WRIITC WaIe $#C24 Saccharomyzes ¢ |
100 | YABROW YA I Saccharomyces ¢
101 | VRIBIW TERIGIW PEx3 Saccharoetyces ¢
102 | Vownw YOW1IW HEa Saccharomyces ¢
103 | iezec coce Saccharomyses o
L YBROC GIP1 Saccharomyces ¢
105 | vimisc YLRISIC 252 " Saccharomyces ¢
106 | vuisie YILTE [ Fat Sascharomyces ¢
107 | YORMWOW YORI00W TV Saccharomyces ¢
108 | YoRratoc Yom3N0c NOPSS Sacchaormyzes ¢
109 YPLIITW TRees [ Saccharomyzes ¢
110 | YBwow YT NUPITO Saccharomyces ¢
111 | rP2nw YPLRIIW [ NiPT | Saccharomyces o v

Node Attrbute Bromser | Edge Attrbute Browser | Network Attrbate Browser | vistaClars
Midde-cick + drag to PAN

Weicome to Cytoscape 2.5 Right-chck + drag to Z00M




Demo network filtering and layout

Attributes

- Cnalyze S <Fublish>




Linkout

o &
—’_ l'l | ﬁ‘ /
3 | | N
S REPAN
,.'I -."‘.' i
/ - ]
/ [ ~ -
|| |
|
|

) )
q Yisual Mapping Bypass »
o LinkOut )

Delete YMR309C
/im B
=

| /

S

4 1
= B F_ AR

* Nodes and Edges act as
hyperlinks to external

B databases.
"y * User-configurable URLs
* Collection of the
biological results for the
ez ' ublication
Biological resources » p
Reactome >
Web resources »
SGD
WwWorm iHOP
human BioGRID
Fly » \
UniProt OB
mouse »
i H
Attributes
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Cytoscape Workflow

Load Networks (Get network data into Cytoscapel]]

Load Attributes (Get data about networks into Cytoscape)|
Analyze and Visualize Networks

Prepare for Publication

Attributes —» 4@:»
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Publication quality figures

Publication Quality
Graphics in several
formats

» PDF, EPS, SVG,
PNG, JPEG, and
BMP

Export Session to HTML
for Web

Attributes




Tips and Tricks

Gary Bader



Tips & Tricks

 “Root graph”
— “There is one graph to rule them all....”
— The networks in Cytoscape are all “views” on a single graph.

— Changing the attribute for a node in one network will also change that
attribute for a node with the same ID in all other loaded networks

— There is no way to “copy” a node and keep the same ID

— Make a copy of the session



Tips & Tricks

* Network views
— When you open a large network, you will not get a view by default

— To improve interactive performance, Cytoscape has the concept of
“Levels of Detail”
* Some visual attributes will only be apparent when you zoom in

* The level of detail for various attributes can be changed in the
preferences

* To see what things will look like at full detail:
— View—>Show Graphics Details



Tips & Tricks

* Sessions

— Sessions save pretty much everything:
* Networks
* Properties
* Visual styles
* Screen sizes

— Saving a session on a large screen may require some resizing when

opened on your laptop



Tips & Tricks

* lLogging
— By default, Cytoscape writes it’s logs to the Error Dialog: Help—=2>Error
Dialog

— Can change a preference to write it to the console
» Edit>Preferences—>Properties...
» Set logger.console to true
* Don’t forget to save your preferences
* Restart Cytoscape

— (can also turn on debugging: cytoscape.debug, but | don’t recommend
it)



Tips & Tricks

* Memory
— Cytoscape uses lots of it
— Doesn’t like to let go of it
— An occasional restart when working with large networks is a good
thing
— Destroy views when you don’t need them

— Java doesn’t give us a good way to get the memory right at start time

* Cytoscape 2.7 does a much better job at “guessing” good default memory
sizes than previous versions



Tips & Tricks

* .cytoscape directory

— Your defaults and any plugins downloaded from the
plugin manager will go here

— Sometimes, if things get really messed up, deleting (or
renaming) this directory can give you a “clean slate”

* Plugin manager
— “Outdated” doesn’t necessarily mean “won’t work”

— Plugin authors don’t always update their plugins
immediately after new releases

— Click on “Show outdated plugins” to see the entire list
of plugins.



Lab Time

 Try out workflow
— Agilent Literature Search, VistaClara
— ID mapping services
— Use your own data or sample data that comes with Cytoscape

* Resource:

— http://opentutorials.rbvi.ucsf.edu/index.php/
Tutorial:Introduction_to_Cytoscape

* Timing: 15:15-16:15



Gene List to Network Lab

e Start with a gene list and find a network
— MIMI — Protein-protein interactions (PPI)
— STRING, GeneMANIA — Functional interactions
— AgilentLitSearch — text mined interactions
— BisoGeNet — another PPl source

* Gene function prediction with STRING and GeneMANIA



MiMI: Protein interactions

oscape  File Edit View Select Plugins ML) 4
eoce | ManagePlugins
H = E Q Q Q @ cea Update Plugins
Control Panel fa (@ N Active Pathways e
[« Editor Filters . MiMilegend | M Advanced Network Merge

y—

O

A Expansion seed \VZ j‘:'—t‘—: v

O

()
./

GSearcher
HiderSlider

Neighboring node

Q*-:_ ‘?&

ANV
!/,'

Expansion neighbor
User annotation

Normal Interaction

User annotation



http://string.embl.de

This is the evidence view. Different line colors represent the types of evidence for the association.

[mm....l—.-.

confidence evidence actions Interactive advanced more

(requires Flash player 10 or better)

Your Input:

@ trpA Tryptophan synthase, alpha subunit; The alpha subunit is responsible for the aldol cleavage of
indoleglycerol phosphate to indole and glyceraldehyde 3- phosphate (268 aa)

 trpB Tryptophan synthase beta subunit (Tryptophan synthase subunit B); The beta subunit is responsible for
the synthesis of L- tryptophan from indole and L-serine (397 aa)

@ trpC N-(5-phosphoribosyl)anthranilate isomerase and indole-3-glycerolphosphate synthetase; Bifunctional
enzyme that catalyzes two sequential steps of tryptophan biosynthetic pathway. The first reaction is
catalyzed by the isomerase, coded by the trpF domain; the second reaction is catalyzed by the synthase,

coded by the trpC domain (452 aa) 3 -8c
© trpD fused glutamine amidotransferase (component II) of anthranilate synthase/anthranilate phosphoribosyl g o e § % 0 g'g
transferase (531 aa) oé E v qg’ §E2
(Escherichia coli K12) £e g SEREE o
2 C - %o
QU g X O 5 T
Predicted Functional Partners: Z000Waor= §
frrr77/7a




http://string.embl.de

Text Summary

tabdelimited.zSVr2AGatnE .txt (TXT - simple tab delimited flatfile)

XML Summary

ry. : . -
xml_summary.25Vr2AGatnE .xml (PSI - Proteomics Standards Iniative)

Graph Layout

Detwork medusa.2SVrZAGatnE .dat (Data for the 'Medusa' Network Viewer)

Network Proteins / Amino Acid Sequences

rotein_sequences.zSVr2AGatnE .fa (Multi-Sequence File; FASTA format)

Network proteins description

Q i . . - " .
roteins desc.zSVr2AGatnk .txt (TXT - simple tab delimited flatfile)



[ Plugins ;TN L A5 KMacBreakz 4 §d ez @D
| Manage Plugins  Cytoscape Desktop (New Session)
Update Plugins

Sea

——a

g Advanced Network Merge I C. elegans (2)
GSearcher
GeneMANIA > Search...

MANIA Results
Switch Data Set...

About...
Check For Data Updates...

TSR

http://www.genemania.org/plugin/

217



v e

—vailabe Data

Organisms Networks Genes Interactions Version
1 76 20247 9394174 2010-04-28 ( Manage Data )

~Choose Query Genes

Organism: | C. elegans (worm) |4 ]

| e —

Name ' Description

unc-18 (UNC18_CAEEL) unc-18 encodes the C. elegans ortholog of Saccharomyces cervisiae SEC1 and mammalian Munc18 proteins. L
unc-30 (UNC30_CAEEL) unc-30 encodes a homeodomain-containing protein that is orthologous to the Pitx family of homeodomain trar
unc-4 (UNC4_CAEEL)  The unc-4 gene encodes a paired-class homeodomain protein with homologs in Drosophila and vertebrates. |
unc-5 (UNCS_CAEEL) unc-5 encodes a netrin receptor. unc-5 activity is required cell autonomously for dorsalward cell and pioneer

— SXI

( Remove ) (' Remove All )

~Choose Interaction Networks
Select: all, none, default.

¥ Co-expression (3/10 (] Baugh-Hunter-2005

# Co-loc ] Fox-Miller-2007 A

# Genetic interactions (2/4) ] Fox-Miller-2007 B

[ ] Other (0/1) [ Kirienko-Fay-2007

# Physical interactions (4/8) . ] Lee-Marcotte-2008 Co-expressi|l|

(] Predicted (0/50) M Lewis-Jackson-2009

[ Shared protein domains (0/2) ) McElwee-Gems-2004
[ Stuart-Kim-2003 )
W Troemel-Kim-2006 v

[E——

Find the top 10 related genes using [ automatic g weighting.
218




[ % Network VizMapper™ >

Network

B C. elegans (2)

Edges
18(0)

Data Panel

UNC5_CAEEL

Results Panel

[ MANIA h;;llli; ]
{ R )

Organism: C. elegan

S

Sort by: name, per cent weight
Expand: all, top-level, none
Enable: all, none

»
»
» ™ Co-expression
»
»
»

» ™ Predicted
# Other

# Genetic interactions

# shared protein domains
_| Physical interactions

g Co-localization

© ©o N W w s

Export results...

Welcome to Cytoscape 2.7.0

==

]

Right-click + drag to ZOOM

[-Nodeh!ﬁbuteﬂmneﬂ-‘ Edge Attribute Browser

Network Attribute Browser |

Middle-click + drag to PAN
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&E N E M A N I A Find genes in H. sapiens (human)

fast gene function predictions

Save v Actions v

Networks legend

http://www.genemania.org

Functions legend

v related to MRE11A; RAD51; MLH1; MSH2; DMC1; RAD51AP1; RA

K
b

Go

Show advanced options «

NIl 8 Genes | Functions @ Help »
Sort by: name, per cent weight
Expand: all, only top level, none
Enable: all, none
» ™ Predicted 39.22 %
» @ Co-expression 26.78 %
» ™ Pathway 12.46 %
» ™ Physical interactions 11.65 %
» @ Co-localization 9.89 %



Gene List to Network Lab

Enter gene list into STRING and GeneMANIA websites
Save results as text and load into Cytoscape

Try MIMI plugin

Gene function prediction: input a list of genes known to be in a
given function. Ask STRING or GeneMANIA to find more genes like

those (guilt by association)
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PPl network analysis

* Load protein-protein interaction network (eg YeastHighQuality)
* Visualize

— Large dataset; hairball
— Layouts don’t help

e Cluster - MCODE, ClusterMaker, ActiveModules



Analysis
Find Network Clusters - MCODE Plugin

Network clusters are highly interconnected sub-networks that may
be also partly overlapping

Clusters in a protein-protein interaction network have been shown
to represent protein complexes and parts of biological pathways

Clusters in a protein similarity network represent protein families

Network clustering is available through the MCODE Cytoscape
plugin



MCODE plug-in demo



e 06

MCODE Results Summary

Rank Score
1 7.25
2 6.387
3 5.417
4 5

5 5

Size Names Complex

YCR232W, YDLOO7W, YKL145W,
YFRO52W, YFRO04W, YLR421C,
YOR261C, YDL147W, YDR427W,
YHR200W, YERO21W, YOR117W,
YDLO097C, YOR259C, YPR108W,
YDR394W
YPLO93W, YBLOO4W, YOR272W,
YNL110C, YKLOOSW, YFLOO2C,
YOLO77C, YPL126W, YILO35C,
YLR409C, YLR129W, YORO61W,
YKRO60W, YCRO57C, YDR449C,
31,198  YORO39W, YJL109C, YPLO12W,
YCR103W, YLR449W, YOR206W,
YKLO14C, YLLOO8W, YKL172W,
YNLOO2C, YLRO02C, YGL111W,
YOL041C, YGLO19W, YOR145C,
YPRO16C
YGLO11C, YOLO38W, YPR103W,
YMR314W, YBLO41W, YOR362C,
12,65 YERO12W, YJLOO1W, YMLO92C,
YGR253C, YER094C, YGR135W

16,116

YPLO43W, YMR290C, YEROO6W,
YKRO81C, YDR496C, YDLO31W,
15,75 YNLO61W, YNL132W, YLR222C,
YLR197W, YMR049C, YHRO52W,
YJLO69C, YKLO99C, YDLO14W
YPR187W, YPRO10C, YPR110C,
YNL248C, YOR341W, YNROO3C,
12,60 YKL144C, YOR207C, YPR190C,
YNL113W, YOR116C, YBR154C

P

| Create a new child network. ( Save ) ( Done )

cytoscapeBader & Hogue, BMC Bioinformatics 2003 4(1):2
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MCODE Results Summary

Rank Score

1 7.25
Proteasome 26S

2 6.387
Ribosome
3 5417

Proteasome 20S

4
RNA Splicing

5 5

RNA Pol core

Size

16,116

31,198

12,65

15,75

12,60

| Create a new child network. C Save ) ( Done )

Names

YGR232W, YDLOO7W, YKL145W,
YFRO52W, YFRO04W, YLR421C,
YOR261C, YDL147W, YDR427W,
YHR200W, YERO21W, YOR117W,
YDL097C, YOR259C, YPR108W,
YDR394W

YPLO93W, YBLOO4W, YOR272W,
YNL110C, YKLOOOW, YFLOO2C,
YOLO77C, YPL126W, YILO35C,
YLR409C, YLR129W, YORO61W,
YKRO60W, YCRO57C, YDR449C,
YORO39W, YJL109C, YPLO12W,
YGR103W, YLR449W, YOR206W,
YKLO14C, YLLOO8W, YKL172W,
YNLOO2C, YLRO02C, YGL111W,
YOL041C, YGLO19W, YOR145C,
YPRO16C

YGLO11C, YOLO38W, YPR103W,
YMR314W, YBLO41W, YOR362C,
YERO12W, YJLOO1W, YML092C,
YGR253C, YER094C, YGR135W

YPLO43W, YMR290C, YEROOGEW,
YKRO81C, YDR496C, YDLO31W,
YNLO61W, YNL132W, YLR222C,
YLR197W, YMR049C, YHRO52W,
YJLO69C, YKLO99C, YDLO14W
YPR187W, YPRO10C, YPR110C,
YNL248C, YOR341W, YNROO3C,
YKL144C, YOR207C, YPR190C,
YNL113W, YOR116C, YBR154C

cytoscape.org

Complex

~




Gene Ontology analysis Lab

» Describes gene function

1. Agreed upon terms (controlled vocabulary)

— Biological process
— Cellular component
— Molecular function

Gene_OntoIogy ‘

‘0Cess

physiological C
process

ellular process

7 NN

organismal
physiological
process

2. Genome annotation

1250:
homeostasis

death

] r
physiological
process

~—

3 '
tissue homeostasis

\

www.geneontology.org

cytoscape.org

cell

death

immune cell rammed cell
homeostasis death
B cell homeostasis apoptosis

000178
B cell apoptosis

cellula




BinGO plugin

Calculates over-representation of a subset of genes with respect to
a background set in a specific GO category

Input: subnetwork, or list
— Background set by user

Output: tree with nodes color reflecting overrepresentation; also as
lists

Caveats: Gene identifiers must match; low GO term coverage, GO
bias, Background determining



BINGO Hypergeometric p-value
Multiple testing correction

(Benjamini-Hochberg FDR)

Gene (?Dtology
biolo%l%ocess
cellulaf pfocess

physiological process

metabaglism

cellular ph iplogical Process
cell organizatigh and biogenesis primary metabo . 30l metabolism
e

cytoplasm organization and biogenes
organelle organizatigh and bigtggnesis ganiatic celtuar esis prote

e

\ ) , ellular Olecule metabolis .

ribosomeé assembiy

macromolecdle)hiosynthesis cellular protéin)metabolism
ribosomal su@nit assembly proteinhiosyrthesis
ribosomal large subunit @sgembly and maintenance translation

Maere, S., Heymans, K. and Kuiper, M
cytoscape.org Bioinformatics 21, 3448-3449, 2005



Lab Time

Try out MCODE with your dataset of choice
Or use one of the other sets available

If you find something interesting please share! ©

Try BINGO with subsets from e.g. MCODE



Analysis Lab
Find Active Subnetworks Lab

e Active modules are sub-networks that show differential expression
over user-specified conditions or time-points

— Microarray gene-expression attributes
— Mass-spectrometry protein abundance

e Method

— Calculate z-score/node, ZA score/subgraph, correct for random
expression data sampling

— Score over multiple experimental conditions

— Simulated annealing-based search method is used to find the high
scoring networks



Analysis Lab

Find Active Subnetworks Lab
JActiveModules plug-in

Input: interaction network and p-
values for gene expression values a e
over several conditions oA\
Output: significant sub-networks that
show differential expression over
one or several conditions

e o Conditions vs. Pathways
Network Size Score gallRGsig gal4RGsig gal80Rsig
1 14 3.78 I N
2 26 3.584 N I
3 10 2.99+ NN D
4 7 2.934 L 1
5 4 2.636 NN I "

( Save ) ( Dismiss )

cytoscape.org Ideker T et al. Science 2001; Bioinformatics 2002



Lab Time

 Try out jActiveModules
* Use the gal expression dataset



Analysis Lab
Find Network Motifs - Netmatch plugin

Network motif is a sub-network that occurs significantly more often
than by chance alone

Input: query and target networks, optional node/edge labels
Output: topological query matches as subgraphs of target network

Supports: subgraph matching, node/edge labels, label wildcards,
approximate paths

http://alpha.dmi.unict.it/~ctnyu/netmatch.html



Finding specific biological relevant TF-PPI sub-
networks

e 06 NetMatch Query Editor - new query*

e o6
File Query Wizard Help

NetMatch V1.0.1

Query Edit

ANMBMRY

\____;J u < lj @*‘ &,

2

" palette Motifs}

[

B
‘_|{Feed Forward Loop|

A

Info:

Pass Query
to NetMatch

Query

|Nodes: 6 Edges: 6 Paths: 0 Loops: 0

1

~Graph Properties:—————

@ Labeled

W Directed
;Query Properties:———————
Query: Draw a query...

| Qe-FFL +

Query Node Attributes:
"QE-FFL - Nodes Attributes & |

Query Edge Attributes:
' QE-FFL - Edges Attributes 5 |

~Network Properties:———————

Network:

"1-galFiltered.sif B

Network Node Attributes:
"annotation.GO BIOLOGIC... ﬂ
Network Edge Attributes:

1 TextSourcelnfo 'y

~Options:

( Acquire Data )

Q Co )

( Reset )

Cytoscape.org

Match Number Nodes Image
1 YMR309C,
YOR361C, m
YPRO41W L Ay P
2 YOR310C,
YDLO14W,
YLR197W g S
3 YDR100OW,
YGL161C, e
YORO036W \
e
4 YILO15W,
YMRO0O43W, .
YCLO67C F =
" Create a new child network. ( Save )
1 matches YBROZOW
2 matches YGLO35C
R e e T Mat(h 21
0 matches YPL248C
1 matches YMLOS51W
2 matches DDNDNAL
0 matches Y R It
1 matches Y e S u S
2 matches Yoo m

R A

Ferro et al. Bioinformatics 2007



Find Signaling Pathways

* Potential signaling pathways from plasma membrane to nucleus via
cytoplasm

NetMatch Results
Signaling pathway example NetMatch query Match Number | Nodes image

YGLO0SC /

@]
1 2 YMRO043W,
GFR ~ EGF3GFR EGF (83GFR YLR229C ® /.
il 1“’|""||‘ 'r’llTT T T T ﬂﬂm"l ;Il
8868 selilccdicss YJL157C,
i YALO40C
, TPp™ ! .
[ » YLR229C
3 IGRE 4
‘ :} -% .(
ADP °
‘ YLR310C, ol
YER103W,
YNLO98C

MAP Kinase Cascade .
Shortest path between

yizse
v,

subgraph matches AN

Nucleus - Growth Control
Mitogenesis cytoscape.org /X

.--/

YERICIW

/S



Find specific
subgraphs where
certain nodes are
significantly
differentially
expressed

Find Expressed Motifs

NetMatch Results
NetMatch query VER0S6CA

1 YILOs2C YOR3IGSW
'n'
| /
YNLOGOC /’I
<> viRodec [
" YPR102C A
/\
1
|
|
|

YBROO

YCRO85C

‘ ymeizic [/
’ YLROZSW |~ /
j .

Protein Differential Expression Significance
YLRO75W 1.7255E-4

YGRO85C 2.639E-4

YPR102C 3.7183E-4

cytoscape.org



Lab Time
Find motifs with Netmatch

e Use the provided dataset (not yet in sampleData)



GeneMANIA Lab



