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Lecture 14: Biology: Functions and Networks

e GeneOntology

e GoMiner

e Regulatory networks and metabolic pathways
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GeneOntology

GeneOntology (GO) uses controlled vocabularies to create a
directed acyclic graph (DAG; a generalized tree) that describes
the kinds of functions or properties that a gene might have.

GeneOntology consists fundamentally of two pieces:

1. The DAG that describes functions and relations between them

2. Annotations that describe which genes actually have which
functions
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http://www.geneontology.org
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GENE ONTOLOGY CONSORTIUM

Open all menus
Site map )
Home | New | What is the Gene Download the

kA Ontology? Ontologies

Downloads
.. Current

% The goal of the Gene Ontology™ (GO) Consortium is to

| Annotations produce a controlled vocabulary that can be applied to all
.. GO Database  organisms even as knowledge of gene and protein roles in cells
—_ Isaccumulating and changing. GO provides three structured
W networks of defined terms to describe gene product attributes.

Mappings to GO GO is one of the controlled vocabularies of the Open Biological
— Ontologies.

Archives

About GO
Terms of Use

+ Submit new GO term suggestions via the Curator Requests "-’-—"-"1”"-"-'-‘-‘*‘_}{é'?c'
Contact GO Tracker at SourceForge. Help with new term submission is

Report Errors avallabe.
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GeneOntology: The top level

@ Gene Ontology Consortium - Netscape
. File Edit

| Cl, search |

The Ontologies

Molecular the tasks performed by individual gene products; examples are
Function carbohydrate binding and ATPase activity

Ontology

Biological broad biological goals, such as mitosis or purine metabolism,
Process that are accomplished by ordered assemblies of molecular
Ontology functions

Cellular subcellular structures, locations, and macromolecular
Component complexes; examples include nucleus, fefomere, and origin
Ontology recognition complex

Additional information

FAQ Answers to questions that are very commonly asked about the
Gene Ontology.

Introduction A description of the aims of the Gene Ontology Consortium
and an explanation of how the ontologies work.

Editorial Style Rules governing content and stylistic aspects of GO terms,
Guide such as phrasing, spelling, case, etc.
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GeneOntology annotations in LocusLink

You can find the GeneOntology annotations for individual genes
In LocusLink. For genes with known functions, the LocusLink
page will conmtain a section titled “GeneOntology”, which
contains a list of the known functions for that gene.

Every GO annotation asserts that a specific gene has a specific
function. As part of the design of GO, each assertion is itself
annotated to explain the kinds of evidence the assertion is based
on, as well as the organization or individual that supplied the
annotation.
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GO annotations of the androgen receptor
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http://www.ebl.ac.uk/GOA/

EBI Home About EBI Research Services Downloads Submissions

GOA DATABASE
= ase

- GOA Home GOA is a project run by the

. Introduction European Bicinformatics Institute
that aims to provide assignments of
gene products to the Gene Ontology
(GO) resource.

« Contents of Current
Release

- Data Searching
| and Retrieval The goal of the Gene Ontology Consortium is to

- Forthcoming produce a dynamic controlled vocabulary that can
|Changes be applied to all organisms, even while

. GOA News kqowledge of gene and prot_ein roles in cells is
still accumulating and changing. In the GOA
project, this vocabulary will be applied to a i
non-redundant set of proteins described in the
UniProt Resource {(Swiss-Prot/TrEMBL/PIR-PSD)
and Ensembl databases that collectively provide
complete proteomes for Homo sapiens and other
organisms.

- Feedback

at th

In the first stage of this project, GO assignments

have been applied to a data set representing the

human proteome by a combination of electronic UniProt/
mappings and manual curation. Subsequently,
GO assignments for all complete and incomplete

proteomes that exist in UniProt have been

(S & | Done
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GO annotations of the androgen receptor
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GO browsing

o [=] 3]
. File Edit 00 ]

-‘k Search | Q g

androgen binding

Accession: GO:0005497
Aspect: function
Synonyms: None
Definition:
Interacting selectively with any androgen, male sex hormones.
Term Lineage

all : all ( 153306 )
o GO:0003674 : molecular_function { 103037 )
o GO:0005488 : binding ( 29138 )
o GO:0042562 . hormone binding { 36 )

o GO:0005497 : androgen binding (7 )
o GO:0005496 . steroid binding ( 83 )

o GO:0005497 : androgen binding ( 7 )

Graphical View

External References

None.

Direct Gene Product Associations Get ALL associations here:
Direct Associations Submit Query
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Edges are relationships

Edges in the DAG represent two kinds of relationships:

IS_a . Used when the child node is a special case of the parent
node. For example, hormone binding is_a kind of binding

part _of : Used when the child node is a component of the parent
node. For example, a membrane is part_of a cell

Genes may be annotated into different levels of the hierarchy,
depending on how detailed the evidence is. In general, a gene
not only has the function corresponding to the node with direct
annotation, but also has every property at parent nodes up
through the hierarchy.
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GO annotations of the androgen receptor
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GeneOntology: Evidence Codes

IDA : inferred from direct assay; indicates that the annotation is
based on a paper describing an experiment that directly tested
this function for this gene

TAS : traceable author statement; based on a review article or
textbook that includes references to the original experiments

IMP : inferred from mutant phenotype; based on experiments
Involving mutations, knockouts, antisense, etc.

IPI : inferred from physical interation; based on assays (like
co-Immunoprecipitation) that demonstrate physical interactions
between the gene in question and other gene products
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IGI : inferred from genetic interaction; based on experiments
(such as synthetic lethals, suppressors, functional
complementation) that show a genetic interaction between the
gene in question and another gene

ISS : inferred from sequence or structure similarity; based on
BLAST results that have been reviewed for accuracy by a
curator

IEP : inferred from expression pattern; based on Northerns,
Westerns, or microarray experiments that reveal information
about the timing or location of expression

NAS : non-traceable author statement; statements in papers
(abstract, introduction, discussion) that a curator cannot trace
to another publication
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IEA : inferred from electronic annotation; based on sequence
similarity searches or database records that have not been
reviewed by a curator

IC : Inferred by curator; even though no direct evidence is
avallable, the property can reasonably be inferred by the
curator. For example, it is reasonable to infer from direct
evidence of “transcription factor activity” that the gene product
Is found in the nucleus

ND : no biological data available; only used for annotations to
“unknown”

NR : not recorded; used only for annotations created before
curators started adding evidence codes
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Quality of evidence

The evidence codes fall into a rough hierarchy indicating how
strongly the annotation of function should be believed.

1. IDA, TAS

2. IMP, IPI, 1GI
3. ISS, IEP

4. NAS

S5. [EA

6. IC
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GoMiner

@ GoMiner Home Page - Netscape

Genomics and
Bioinformatics
Group

LMP, NCI, NIH

Medical Informatics &
Bioimaging Lab,
BME GA Tech/
Emory University

Getting
Started

GoMiner 1s a tool for biological interpretation of 'omic' dat _
microarrays. Omic experiments often generate lists of dozem or hundl eds ot genes that d1ﬂel mn

expression between samples, raising the question
What does it all imean biologically?

To answer this question, GoMiner leverages the Gene Ontology (GO) to identify the biological
processes, functions and components represented in these lists. Instead of analyzing microarray
results with a gene-by-gene approach, GoMiner classifies the genes into biologically coherent
categories and assesses these categories. The insights gained through GoMiner can generate
hypotheses to guide additional research.

To get started using GoMiner

+ Read the Instructions, and verify that your environment satisifes the system requirements
+ Download the GoMiner program file, gominer.jar
+ Read the Quick Start and try out the sample files

() GEF | b
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http://discover.nci.nih.gov/gominer

@ GoMiner Installation - Netscape
. File Edit Yew G

10008

./ B, 4 Home Gp Radio | E3

Genomics and
Bioinformatics

Group
LMP, NCI, NIH

Medical Informatics &
Bioimaging Lab,
BME GA Tech/
Emory University

Command Database | FAQ Mirrors | Credits

Core Application

» Verify that your machine satisfies the system requirements

» Download the GoMiner program file, gominer.jar

« Install the optional components (if any) listed below you want to use.

» Either double-click the jar file, or run "java -jar gominer.jar" from the command line

» For large input files (>10,000 genes) run "java -Xms256M -Xmx256M -jar gominer.jar"
This will allocate more memory to run the application.

» For optimal performance, install a local copy of the server and database.

Install Helper Applications

The first two helper applications are web browser components, and provide additional visualization
features.

Adobe SVG Viewer
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GoMiner: Getting Started

You need a machine with

Java 1.3 or higher

Windows 98 or higher, Mac OS X or higher, Solaris, Linux, or
FreeBSD

High-speed ointernet access

Download the GoMiner Java code, install it, and double-click on it
to start the program.

Then go to “File” — > “Load GO Terms” and click “OK".
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GoMiner Start

4. NCI/GA Tech - Emory Uni¥ GoMiner
File Edit Dat LIFCe sSms B

Input Genes Genes Mapped On GO |""'Summary\ﬂew “Selected Gene View |

Operations Quick Help -- Symbol Description

File Name & AlllUnchanged Genes & Changed -+ Owver -} Under @ Term

Build: 138
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GoMiner: GO terms loaded

4. NCI/GA Tech - Emory Uni¥ GoMiner
File Edit Dat LIFCe SMs B Loo

21

Input Genes Genes Mapped On GO

| SummaryView | Selected Gene View

1

Operations Quick Help -- Symbol Description

File Name . & AllUnchanged Genes & Changed 4 Owver - Under & Term
Query Gene File Reset All Query Changed Gene File Reset Changed Build:138 °
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GoMiner as GO browser

4. NCI/GA Tech - Emory Uni¥ GoMiner
File Edit Dat LIFCe sms ey Loo

Input Genes Genes Mapped On GO |""'Summ any View " Selected Gene View |

ODEE@QQQQ

NEHEEHEBEBEHA
00000 EEEOO®

[}

I T
Operations Quick Help -- Symbol Description
File Name . & AllUnchanged Genes & Changed 4 Owver - Under & Term
Query Gene File Reset All Query Changed Gene File Reset Changed Build:138 °
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Getting array data into GoMiner

1. Go to “Data Source” and select “UniProt (Hs)” to restrict to
human gene annotations

2. Need a file containing a list of all genes in the experiment, one
HUGO symbol per line. Use the “Browse” button, and then
click “Query Gene File” to load this information. This may take
some time...

3. Need a file containing a list of genes that changed. Can be one
HUGO symbol per line. Optionally, you can include a second
column with 1 (overexpressed) or -1 (underexpressed). Use
“Browse” and “Query Changed Gene File” to load this data.

Note: Genelink or Source can convert from various gene ids to
HUGO symbols.
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GoMiner with array gene list loaded

4. NCI/GA Tech - Emory Uni¥ GoMiner
File Edit )ats =] 5 e Look

Input Genes Genes Mapped On GO |""'Summ anyView “selected Gene View |

=T

Undr

i IGF2_HUMAN {(IGF2) - (UniProt)

& IGFA_HUMAN {IGF1) - (UniPrat)

& 043200 (TSHR) - (UniProt)

& PGH1_HUMAN (PTGS1) - (UniProt)
& PGH2_HUMAN (PTGS2) - (UniProt)
& REL1_HUMAN (RLN1) - (UniProt)
& RLF_HUMAN (RLF) - (UniPrat) D

COFEEEEEERE

[E e

1.0000 1.0000

b= =

=
=
&
&
=
=
=
=
&
&
=
=
=
=
&
&
=
=
=
&
&
=
=
=
=
&
&
=
=
=
=
&
&
=
=
=
=
&
&

Operations Quick Help -- Symbol Description

File Name |1 ur nnlevtota .. & AlllUnchanged Genes € Changed 4 Over -} Under & Term
EENETTTTIEE An o Biors & dical Informatics and Bioimaging Lab
Query Gene File Reset All Query Changed Gene File Reset Changed Build: 138 }r LMP. NCL. NIH - E, GA Tech ! Emory University
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GoMiner with changed gene list loaded
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GoMiner subgraphs
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GoMiner subgraphs

Search by Category

Categories with an enrichment of changed genes

ries with depletion of changed genes

n. Image might not
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Intepreting GoMiner results

Enrichment is computed as

changed genes in category/total genes in category

changed genes on array/all genes on array

Statistical evidence of enrichment is based on a Fisher exact test.
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Example

With the sample files supplied from GoMiner, they have an array
with 1399 genes, of which 177 change expression. A total of 37
genes on the array are annotated to the biological process
category of chemotaxis , and 12 of those 37 genes changed
expression. So, we have a 2 x 2 contingency table that looks like

chemotaxis: | yes no all
Changed 12| 165 | 177
Unchanged | 25| 1197 | 1222
Total 37 | 1362 | 1399

The p-value arising from a Fisher exact test with these values is
0.001226, which is the value reported by GoMiner for the
enrichment of the chemotaxis category.
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Intepreting GoMiner results

The p-values from the Fisher test are not corrected for multiple
testing, but they should be since one is potentially looking at all
GO categories. The categories are not independent, so it is not
clear how to correct for multiple testing.

If one filters the gene list from the array before testing differential
expression (for example, by removing low expressing or low
variance genes), should those genes be included in the “query
gene file” for the experiment?

The Fisher exact test is not completely appropriate, since genes
can have multiple overlapping annoptations into the GO DAG.

No existing test exploits the quality of evidence for the GO
annotations.
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Regulatory networks and metabolic pathways

The harder question to be asked about the results of a microarray
experiment is: what pathways or networks are changed?

Distinction:

Pathways typically refer to metabolic pathways (that process
various small molecules) or signalling pathways that carry
iInformation from outside the cellinto the nucleus.

Networks typically refer to interactons that control the
expression level of various gene products.

Pathways are characterized by direct physical interactions
betwen proteins. Networks are characterized by indirect
Interactions between genetic DNA or RNA or protein.
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Pathway and netowrk resources

KEGG (Kyoto Encyclopedia of Genes and Genomes) is a
publically available tool, probably best used for metabolic
pathways and secondarily for signalling pathways.

PathArt (Jubilant Biosystems) is a commercial tool for
Investigating networks and pathways. Underlying network Is
based on curated interactions from the literature.

Ingenuity Pathway Analysis (Ingenuity) is another curated
commercial tool for investigating networks and pathways.
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You can’t compute on pictures...
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Case-Western Pathway Browser
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Jubilant PathArt
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PathArt

PathArt'™ is a curated database of biomolecular interactions with tools for searching, analysis and visualization of data

for use by microarray researchers and identification of potential drug targets. Pathway diagrams in PathAl
Th
rt

™ are

dynamically generated from data in the database. PathA is accessible via any Java enabled browser and provides

enterprise wide access to data stored in an Oracle database.

Features

" Coverage of about 900 regulatory and signaling
pathways across species.

" Browse pathways by organism, disease and other
classifications.

" Coverage of protein-protein interaction.
" Information on knockout and mutagenesis studies.
" Search for pathways by specific genes.

" Coverage of 17 high priority diseases and disease
responsive genes.

" Generate customized reports on genes and
interactions of interest.

" Allows use of microarray expression data to search
relevant pathways based on expression level.
Allows use of Agilent and Affymetrix data.

" Comprehensive information on all participating
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