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Ontologies for Molecular Biology

4 "Ontologies provide controlled,
consistent vocabularies to describe
concepts and relationships, thereby

blina knowledae <l :

3 Gene Ontologies (GO)

- Ontologies for molecular biology domains
developed and supported by the Gene
Ontology Consortium for gene and gene

product annotations for all organisms
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Support Complex Queries

4 Show me all genes involved in cell adhesion
that are expressed in the somites.

ﬁ Show me all genes involved in mesoderm
formation in fly and mouse that also show
cytokine activity.

i For this set of genes, what aspects of
function and/or cellular localization do they
share

TJL-2004 3



Mouse Genome Informatics (MGI)

the community informatics resource for the laboratory mouse

Genotype Expression Phenotype

Function
Objective:

Facilitate the use of the mouse as a model for human biology by
furthering our understanding of the relationship between genotype

and phenotype. TIL-2004 4



Common Issues
for Model Organism Databases

& Data Integration of Heterogeneous Data Sets

 From Genotype to Phenotype
- Experimental and Consensus Views

4 Incorporation of Large Datasets
- Whole genome annotation pipelines

Large scale mutagenesis projects

I Computational vs. Literature-based Data
Collection and Evaluation

3 Data Mining and Hypothesis Generation
- extraction of new kndwiédge



Data Integration for Objects

Within MGI

- Genes
- Sequence B

- Expression
 Literature
- Alleles

» Phenotypes
Between MGI and others
Via shared sequence

LocusLmk RIKEN

* Via shared semantic
conceptualizations

TJL-2004
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Gather data
from multiple
sources

ractor our
common

Assemble
integrated
objects




Sources of New Genes and Loci For MGI

Mutagenesis :
g NCBI/LocusLink TIGR/DOTS
MGC/RIKEN

Literature HUGO/ .

(including QTLs) Gene Family/ ESTs MGSC v3

Community (Lucy Load; Literature .
l v l v Yy
Evaluation of
Equivalency/Novelty/Redundancy




@ MGI_2.95_Final - Marker Detail
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[0=—— Netscape: Alleles Query Form

HE

My A A 2 @ oa S &

Back  Forward  Reload Hormne Search  Metzcape  Images Print  Security

v
-+| Location: \&. |http o ftitanwrts_projects/ 1 100/11 77 /protatypes fallele_form.shiml

| 0 whats Related

-

Semantic Integration

[ Query Farms =]

Alleles Query Form

[ Retrigve ] [ Reset Form ]

Sort by: @ Symbol 0 MName
Max number of items returned: o 10 @ 100 0 500 o Mo limit

Gene Symbol/Name:

O NOT [begns a] Search

[ orly current, official nomendature = I

Allele Symbol/Name:

O NOT (contans 3|
Type:

ANY

Molecular Mutation:

in & | [Insertion
Nucleotide repeat expansion

Spontarneous E
Transgene induced
Transgene induced (gene targeted) I \
Transgene induced (gene trapped) |=
Ny

-

of Shared Concepts

Uniform Data Encoding

Searchability

Analysis and Comparison

Controlled Vocabularies

Translocation
Nucleotide substitution
Point mutation {transversion)

Inheritance Mode:

in % | [Dominant
Codominant
Semidominant
Recessive
Other

TuT»

A TulTe

for Annotation and
Queries of Alleles

[ % e 2 Gl 2|7




Multiple Keyword (C.V.) Sets in MGI

I

ene Nomenclature
ene/Marker Type

il

llele Type

i@
)>)>CDCD

il

ssay Type

- Expression

* Mapping
Gl Molecular Mutation
4l Tnheritance Mode

TJL-2004
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4 EBvidence Codes

i Tissue Types
i Cell Lines

i Units
» Cytogenetic
* Molecular

I ES Cell Line

& Strain Nomenclature

10



Gene Names
keyword list

& Unique, rule-based names with synonyms

& Flat file Where’s Cctl ??

& Structure embedded in sym|pas

chaperonin subunit 2

Ial '
L 203 CeUAig) Lo}y e e G Cat3, chaperonin subunit 3

Cat4, chaperonin subunit 4

* Primary for communicatiorfe/ra M Ps sy R T

- Strong community input
Catl, current symbol Tcpl
» Shared with Human and Rat

TJL-2004 11



But, keyword lists are not enough

i Sheer number of terms too much to remember
and sort

Need standardized, stable, carefully defined terms

Need to describe different levels of detail
So..defined terms need to be related in a hierarchy

4 With structured vocabularies/hierarchies
Parent/child relationships exist between terms
Increased depth -> Increased resolution
Can annotate data at appropriate level
May query at appropriate level

& All model organisms database and genome
annotation systems have same issugs-2004

Anatomy keywords
Organ system

Cardiovascular system

Heart

Anatomy Hierarchy
embryo

organ system

cardiovascular



And thus, ‘'we' started the GO

d Formed to develop a shared language adequate for
the annotation of molecular characteristics across
organisms.

I Seeks to achieve a mutual understanding of the
definition and meaning of any word used. thus we
are able to support cross-database queries.

3 Members agree to provide database access via
these common terms to gene product annotations
and associated sequentexs 13



GO began with recognized common need

@describing molecular
biology of genes &
gene products

B practical solution for
implementation & use

® unifying, expandable,
organism independent
vocabularies

www.geneontology.org y



vl The Wellcome Trust
IS =| : .
g Sanger Institute

The Schizosaccharomyces pombe
Genome Sequencing Project

The Pathogen Groub

Mouse Gendiile
Informatics

FlyBase Szizs

GO | GENE ONTOLOGY™ CONSORTIUM

Int erp ro http://www.geneontology.org
A

stair

Genome

swisprot KnowledgeBase 7® incyteGenomics
GRAMENE WormbBase £
y = compugen
/ZFIN

_I_]l”l,.u{

THE INSTITUTE FOR GENOMIC RESEARCH , G D
N {RAT GENOME DATABASE

AL
AstraZeneca T




- The GO vocabularies

What a product ‘does’, precise activity

& Molecular Function:

i Biological Process
f Biological objective, accomplished via

Qx one or more ordered assemblies of
- functions

& Cellular Component

'is located in’ (‘is a subcompbonent of' )

FlyBase ,' tair

TJL-2004 16



! GO Project Goals:

1. Design structured vocabularies
describing aspects of molecular biology

2. Support annotation of gene products
using vocabulary terms

3. Provide database access via these
common terms to gene product annotations
and associated sequences .



i

i

i

i

GO

The Key Decisions:

The vocabulary itself requires a serious
and ongoing effort.

Every concept must be carefully defined.
The minimal data structure is a directed
acyclic graph.

All resources and annotations will be made

publicly available to the community in a
variety of formats (open source)

TJL-2004 18



1| What GO is NOT:

& Not a way to unify biological databases
I Not a dictated standard

3 Not a database of gene products, protein
domains, or motifs

4 Does not define evolutionary relationships

TJL-2004
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1. Build Vocabularies (ontologies)

1] Structure of the GO

IS-a

part-of
cell

7N\

nhucleus membrane

NS

nuclear membrane

a. Directed acyclic graph(DAG): each child may have one or more parents
b. Relationships between terms defined
c. All terms are defined, accession Tlill?z(c)l(isociafed with definition .

d. True Path, all attributes of children must hold for all parents



J An example of molecular function

nucleic acid binding

Y
DNA binding

Y

chromatin binding

MCM2 Mcm2 Mcmd2

MCM3 Mcm3 Mcemd
CDC54/MCM4 Mcmd4
CDC46/MCM5 Mcin5

MCM6 Mcm6 Mcmd6
CDC47/MCM7 Mcm7 Memd7

lamin/chromatin
binding

. SACCHAROMYCES
. DROSOPHILA

| mus

b molecular function

enzyme
helica adenosme
S se triphosphatase
DNA ATP-dependent DNA-dependent
helicase helicase adenosine
Imy triphosphatase
mus309 Rad51
ATP- dependent /
DNA helicase
MCM2
MCM3
CDC54/MCM4 Mcmd4
CDC46/MCM5

MCMé6 Mcmdé
CDC47/MCM7 Memd7




S I |
GO Browser -term detail

e et The Ontology

GO id: GO:0005635

cetnon:  compores i I iy sommi ool 1 €F'MS <StriNG>
space).
er gy |
o denotes an 'is-a' relationship Synonym (S)
GO Browser - term detail ID <tied to
GO term: nuclear membrane definiti on, not
Synonym:; nuclear envelope s
GO id: G0:0005635 Tterm
The envelope that surrounds the nucleus of eukaryotic cells. It is a double membrane
Definition: composed of two lipid bilayers separated by a gap of width 20-40 nm (the perinuclear
space),
Number of paths2 Definition

to term:

TGSl 1A=
@nuclear membrane lumen
@nuclear outer membrane

@nuclear pore + Paths

@vesicle membrane + 22




MGI - Gene Ontology Browser - Netscape 6

P
GO Browser - term detail

GO term: nuclear membrane

Synonym: nuclear envelope

GO id: GO:0005635 N
The envelope that surrounds the nucleus of eukaryotic cells. It is a double membrane

Definition: composed of two lipid bilayers separated by a gap of width 20-40 nm (the perinuclear
space).

Number of paths2

to term:

@ denotes an 'is-a' relationship

Gene_Ontology
@cellular_component
acell
eintracellular
@nucleus
@cohesin +
@condensin +
@cyclin-dependent protein kinase 5 activator
@cyclin-dependent protein kinase activating kinas
@cyclin-dependent protein kinase holoenz
@dosage compensation complex
afemale germ cell nucleus
oheterogeneous nuclear ribonucleoprotein complex
@male germ cell nucleus
@huclear chromosome +

A "female
germ cell

o denotes a 'part-of relationship L~ nUCIQUS” IS-a

instance of a
hucleus

The “nuclear
B matrix” is

@nuclear exosome (RNase complex) '
@huclear matrix
@nuclear membrane [GO:0005635] (20 genes, 23 annotations)
@annulate lamellae
@nuclear inner membrane +
@nuclear lamina
@nuclear memhrane lumen
@nuclear outer membrane

@huclear pore +
@nuclear ubiquitin ligase complex +
B = & O [ Document: Done £3.173 secs) == 5

[4T¥]

part-of the
hucleus

23



GO

The True Path Rule

/\/\
/ /\/

Every path from a node back to the
root must be biologically accurate

TJL-2004

24



i‘ The True Path Rule

cell wall biosynthesis cuticle synthesis

Ny

chitin metabolism

/" N\

chitin biosynthesis chitin catabolism

chitin metabolism: before revision

TJL-2004
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i‘ The True Path Rule

cell wall biosynthesis cuticle synthesis

T

cell wall chitin metabolism cuticle chitin metabolism

chitin metabolism

chitin metabolism: after revision

TJL-2004 26



GO
J Current GO Projects

3 Build Vocabularies
- >17,500 terms, 95% defined
* 'Interest Groups' (cell motility, protein modification)

4 Update Vocabularies
+ Add to UMLS / MeSH system
» 'activity’ term for function
- SourceForge site for community input and tracking
&l Add attributes (slots) for terms
+ Ex. 'DNA-binding with ........

& Implement in DAML + OIL/OWL, etc.

TJL-2004
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GO Web Site:www.geneontology.org

/) Gene Ontology Consortium - Microsoft Internet Explorer _|o] x|

File Edit Wiew Favorites Tools Help ﬁ

$Back ~ = - i) il | Qi Search [GelFavorkes EfMedia ©4 | By S = -

Address I@ http: f i, geneontalogy argf j En |Links >
o GENE ONTOLOGY CONSORTIUM i
A What is the Gene Ontology? Download the Ontologies
Dpen all menus
Site map
Horrie | Mew | EAG Th L

The goal of the Gene Ontology ™ (GO) Consortium is to produce a controlled vocabulary that can be
Dimles applied to all organisms even as knowledge of gene and protein roles in cells is accumulating and
.. Current Ontolagies changing. GO provides three structured networks of defined terms to describe gene product

.. Current Annatations attributes. GO i5 one of the controlled vocabularies of the Open Biological Ontalogies.
.. G0 Database

Docurmentation ] ) ) _—

=0 Tools » Submit new GO term suggestions via the Curator Reguests Tracker at SourceForge. Help  SOURCERC AGE

Mappings ta GO with new tern submission is available., et

Archives « Send comments and guestions to go@oeneontology.org.

About GO

Terms of Use

Contact GO

Beport Erors Search Terms and Annotations

! |

Search

Terms/Annotations

| El This search uses the AmiGO browser. You can also use one of the many other GO Browsers

[

(€l [ e mtemet Y

TJI7T U0 T



GO SourceForge Site

(for suggestions, corrections, interest groups)

/3 SourceForge.net - Microsoft Internet Explorer == x|
J File Edit Yiew Favorites Tools  Help |J o ® JLinks o J.ﬁ.gldress @ https:ll'll'snuj PriEn ﬁ
Browse the term requests currently under consideration. ;I
Powering e-business b RE?BEH Summary Date Assigned To SUh?:ttEd
Most Active "
] ] ] 2002-03- A
535284 calcium signaling 26 08:57 nobody gormidori
1 phphlyadmin " n=-
2 Gairn 535286  ECM 2002-03- o5 jak gomidari
26 09:03
3 Scummim *
4 Tiki 535294 unlocalized enzyvme caomplexes 26233'21_23_ nokbody gormidari
3 Zmatrix -
6 xhoxMediaPlayer 536264 ABC transporter companent terms * 2002-03- nokbody gamidari
7 Compiere ERP + CRM 28 06:13
i i * - -
gu;ﬁ;gg;;ﬁnlutmn 78091 definitions for engyime complexes uﬁzgg-zggu? nobody gormidori
Q Filefilla . ¥ 2002-07- . .
10 JBoss.arg 82241 sequestering terms 16 06:53 jl242 jl242
* - -
ore ctiiy-=  B04B0B  parts of chioroplast ATPase ohbeag” a2 pia7
Top Downloads Terms under photoreceptor ¥ 2002-10- . _
B21937 morphogenesis 11 08:25 tairth dirhwithglasses
1 BifTarrent ) ) ) * 2002-10- . .
5 DG4+ B27590 GTFRase, heterotrimeric, monomeric 25 10:01 kchris kchris
3 MozillaPL - Folish Mozillal a - : * -11-
poptosis by DRA damage | 2002-11 :
4 Warket Analysis Systern B3NN 00008630 01o0m1o0 1242 heckyfoulger
S Planeshift a 30 MMORFPG 2007-172-03
6 HhoxhediaPlayer B47924 a compartment issue from GEB il nobody SUZi
7 Dey-C++ ng:5a
8 jdictionary : 2002-12-05 :
9 S F49111 sensu Insecta and behaviar 1054 jenclark heckyfoulger
10 01-
annlelark-Tranklashonting BET107 refromer complex ,_EI_:',,D,,E =09 jenclark girlwithglalsses _|;|
1 »
] I_Elﬂ Internet

Hetet| | @O BG O ||[e)s T T1| B4 G| 9| @4 T| B [ @DSBRODB eromm



GO Goals - 2
Annotate genes & gene products to GO

4 Use mouse (domain) biological expertise
(literature)
& For each GO association provide
» Evidence statement
» Citation/attribution

4 Annotate to finest granularity known
experimentally

I aa‘g—fgg:r—valvahzn—de‘rer ' '
:E'Cénnrr?l?;rre 0 repository weekly mined

+ Committed fo MGI ftp site nightly

* Incorporated into NCBI/LocusLink daily
*(Human_GO now in LL from’EBP* SP_GOA) =



GO Curation Strategies in MODs

4l Manual Curation
» Emphasis on Primary ==

Literature
- QOver 80,000 references

- Five curators

Moiise Gﬂuynm
quumm Hes

& Computational

« Collaborations between
InterPro and SwissProt

[N

' bjects and 1
To integrate objects an IfLErPTo

assign GO terms swissprot|

A

- E.C. mappings
* RIKEN pipeline L2004 o
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GO term associations supported by evidence

ISS: Inferred from sequence or structural similarity

IDA: Inferred from direct assay

IPI: Inferred from physical interaction

TAS: Traceable author statement

IMP: Inferred from mutant phenotype
IGI: Inferred from genetic interaction
IEP: Inferred from expression pattern

ND: no data available

IEA: Inferred from electronic annotation

™~

~ L5

e

Category ) Classification Term ) (| Evidence ferred From S
C membrane : —— IDA ( 1
F metalloendopeptidase IDA L
F metalloendopeptidase IMP Q [\_'!GI:Z 158363 ) 1
P degradation of prenvlated proteins IDA 1

32



Function
Acetyl-CoA
CoA-SH co0-
Coo—
. L,
C=0 |
l"_l, HO—?—COO—

™ Citrate synthase cu,
coo-

|
\( coo-

12,893 genes
30,308 annotations

August 2004

11,262 genes

TJL-2004

NNNNN

21,895 annotations

Cellular Component

Outer

Matrix  Cristae  Inner membrane

membrane

11,460 genes
20,049 annotations

33



General Implementations for Vocabularies

Hierarchy Query for this DAG
term .
M molecular function
% chaperone regulator eee  enzyme regulator
.w vee e enzyme activator cee

/

chaperone activator

heart

Returns things annotated
to descendents

1. Annotate at appropriate level, query at appropriate level

2. Queries for higher level terms include annotations to lower
level terms



- b - B denotes a "part-of” relatonship

Go]

58 sactions

Gene_Ontology SZGI"Ch

ections ki i

Lt _.hlnlnglcal_prn_cer_f.

assion IDs e @cell communication rieTur'nS
wotypes 1 msignal transduction

e Expression -

g g - ™ e
lin kedh_;.ieg],]na'f poopa e g children
Mcalcium-o-sensing receptor pathway
Meyiokine and chemokine mediated signaling pathway
Denzyme linked receptor protein signaling pathway +
I G-protein coupled receptor protein signaling pathws;
[GO:0007T 186 il penes, 495 annotalions)

nced search for... =|

=h Categories (Al

/Markears
YPhenotypes
WPolymorphis, 2, muscarinic path
pathway

i Maps/Data ling , coupled to cyclic nucleotide

i Tumor Biolog
:_E:;ﬂe& oupled to IP3 second messe

ulary Browsea
¢ Ontology (
omical Dictio
intypa Classifice-

416 genes 495 annotations

Moctopamine/tyramine signaling pathway
@®regulation of G-protein coupled receptor protein
signaling pathway +

(Oserotonin receptor signaling pathway

Msignal transduction during conjugation with cellul

BLAST

fional Resources

Thaesa Resourcaes

1g Information Ifusrlnn ‘ . : ] .
ity Disclaimer msignal ransducton during conjugation without ce
yright Notice fusion

juestions and

rachvkinin signalin athwa
:nts to User Support. ¥ B Ep ¥

DMintegrin-mediated signaling pathway

The (N receptor signaling pathway +
3 Jackson @Dosmosensory signaling pathway +
Laboratory @smoothened receptor signaling pathway +
B d;m;ggdﬂm @TI receptor signaling pathway +
M 2.9 DWnt receptor signaling pathway +

2 EF ]  Document: Done (2.471 secs)

\




Netscape: MGI 2.8 - Gene Ontology Annotations Query Results (Summary)

?’/(ﬂ Mouse Genome Informatics

fhait Meny | AET Home | User Support | Help Dosuments | Submissions

Genes | molecular | Homoloey | Mapping | Expression | StraindPobwaorphism | Refs | AccID

Gene Ontology Annotations
Guery Results -- Summary

476 matching items displayed

Searched Term: G-protein coupled receptor pratein signaling pathway

Symbol, Name
2300001HO5RIk, RIKEN cbNA 2300001HOS gene

24000098 11Rik, RIKEM chiNA 2400009811 gene
2600017H24Rik, RIKEMN cDINA 2600017H24 gene

3110023K12Rik, RIKEMN cbiNA 3110023K12 gene
6330420K13Rik, RIKEN cDMNA 6330420K13 gene

Adeyl, adenylate cyclase 1
Adey2, adenylate cyclase 2

Adey2, adenylate cyclase 2

Adey3, adenylate cyclase 3
Adcyd, adenylate cyclase 4
Adeyd, adenylate cyclase 4

AdceyB, adenylate cyclase 5
Adey6, adenylate cyclase 6
Adey7, adenylate cyclase 7
Adey8, adenylate cyclase B
Adcey9, adenylate cyclase 9
Adeyapl, adenylate cyclase activating polypeptide 1
Adeyapl, adenylate cyclase activating polypeptide 1

Cateqory Annotated Term

P G-protein coupled receptaor protein signaling
pathway

P neuropeptide signaling pathway

P G-protein coupled receptor protein signaling
pathway

P neuropeptide signaling pathway

P G-protein coupled receptor protein signaling
pathway

P adenylate cyelase activation

P adenylate cyclase activation

P G-protein signaling, coupled to cAMP nucleotide
second messenger

P adenylate cyclase activation

P adenylate eyelase activation

P G-protein signaling, coupled to cAMP nucleotide

second messenger

adenylate cyclase activation

adenylate cyclase activation

adenyvlate cyclase activation

adenvlate cyclase activation

adenylate cyclase activation

neuropeptide signaling pathway

P
P
P
P adenylate cyclase activation
P
P
P
P

G-protein coupled receptor protein signaling

\

Returns set
of genes
annotated
to this ’rerm/

Evidence Ref(s)
IEA 1

IEA
IEA

\

New Genes
SYE with
functional
ahnhotations
" >

= —

TAS
TAS
TAS

— = l—

TAS
TAS
DA

—  —

TAS
TAS
TAS
TIEA
TAS
TAS
TAS
IEA

36
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Adecyaplrl, adenylate cyclase activating polypeptide 1 receptor |




() MGI 2.96 - Gene Ontology Classifications - Netscape -7 x|
. File Edit Wiew Go Bookmarks Tools  Window  Help |

» | » |
Fs
B ? Gene Ontology Classifications
MGI  |[opumfemes
Name |bone morphogenetic protein 4
ID | MGLEE180
MG Home  Help =
= Category Classification Term Evidence | Inferred From |Refis)
Search for ;’
Biological Process cell fate cormmitrment 1D, 1
I G
—DI Biological Process | mesoderm cell fate determination | P | MGEL1E57137 | 1 | =
in these sections I w
Al sections = Celular Cormponent extracelular space TAS , 1
Gene syrmbols/names Molecular Function | cytokine activity | IEA, | | 2 |
" Acceszion |Ds
Phenatypes Malecular Function growth factor activity IEA / 1
Gene Expression ;I
k Gene Dntology Evidence Code Abbreviations: /

I Advanced search for.. x|
IC Inferred by curator

Eﬁ'rch Categories IDA Inferred from direct assay

earch Tools

Genes Markers IEA Inferred from electronic annotation

%‘M"Pﬁ. IGI Inferred from genetic interaction
rains /P obymorphisms

Expression IMP Inferred from mutant phenotype

:fq':'m‘:'a”t'“ Maps D3t IPI Inferred from physical interaction
ouse MapsTata

Maouse Turnar Biology 1SS Inferred from sequence or structural sirmilarity

%ﬁ% WD Mo hiological data available

Yocabulary Browsers TAS Traceable author staterment

Gene Ontolo G
Anatornical Dictionar
Phenobype Classifications

@ (= g% @'E |Dncument: Done (0,952 secs) | |:QE=|ﬂ=h|
EﬂEtart”J :ﬂ ﬁ I@I [=d @ @ |J @Eudnra- ”@MEE?E_ v_jl:ulakEMG...l EISMicru:ua...l |®é@@ggﬂ®g 9:1? .?.M




Model Organism Database

4 Annotated to finest level of knowledge
& Public representation specific to database

i Regular contribution of GO annotations to
common resource

Sequence-Computational Sets

& Computational rather than experimental
annotation

d Dependent on existing knowledge and
accuracy of existing annotations

TJL-2004 38



GO | 3. Implement and Support
Common GO Resource

& Contribution of data files and documentations to 6O
Site |

-

I

| www.geneontology.org

3 Bibiography: 60 annotation papers, 12 statistics
pubs, 9 browsers

&

I Development of curation tools and browsers
3 Cross-species search tools

& All Open Source

ublucl available

QuickGO

39



How do I use the GO

4 Getting the 60 and GO_Association Files
& Data Mining
* My Favorite Gene
- By GO
- By Sequence
4 Analysis of Data
» Clustering
» Binning
4 Other Tools

TJL-2004
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GO Web Site:www.geneontology.org

a Gene Ontology Consortium - Microsoft Internet Explorer

Eile Edit Wiew

Faviorites

Tools  Help

Bk ~ = - ) | iQhsearch  [GeFavorites fMedia £% | BN & A -

Address I@ hkbp: | fwana, geneantalogy . org)

1]
OBO

open biclogical ontologies

Dpen all menus
Site map
Home | Mew | EAQ

Downloads
.. Current Ontologies

.. GO Database

.. Current Annotations

Docurmentation
GO Toals

Mappings to GO

Archives

Ahout GO
Terms of Use
Contact GO

Report Errors

Search
TermsfAnnotations

| |

GENE ONTOLOGY CONSORTIUM

What is the Gene Ontology? Download the Ontologies

The goal of the Gene Ontology™ (GO Consortium is to produce a controlled vocabulary that can be
applied to all organisms even as knowledge of gene and protein roles in cells is accumulating and
changing. GO provides three structured netwaorks of defined terms to describe gene product
attributes. GO is one of the controlled vocabularies of the Cpen Biclogical Ontologies.

sourRcER, RGE”

s Submit new GO term suggestions via the Curator Bequests Tracker at SourceForge. Help et
-

with new term submission is availahle,

s Send comments and questions to goi@gensontology.org.

Search Terms and Annotations

| 9]

Thiz search uses the AmIGO browser. You can also use one of the many other GO Browsers

€l

l_ I_ ’_ | Inkernet

| K
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8oe Gene Ontology Consortium - Netscape =
» »
;.j["' Gene Ontology Consortium ] % |
GO Repositor e T
p Y non-IEA non-IEA ) pm’m-lZE.,‘\ Pmd_u - R]f;‘:;:? eein) ol
All codes "0 - | All codes "0 =4 | All codes MO0 w4 | Associated | g igonc Im‘;'m‘_ﬁ:teims
I.'r.'ZIJ Gene Ontology Consortium - Metscape - |I:I|£|
3 | » | b I
. . Molecular Cellular TAB —
Total e
Biological Process Function Component Total Gene | o o - . | Delimited
IEA IEA A Products Included File{s) of
non- non- non- Associated ) Gene
All codes codes All codes codes All codes codes as Evidence Associations ‘E
]
! P — carei?a[; 6008 6247 6835 6835 6837 6837 6910 4328 %
Drasephis m&,&g";?f; 3730 3723 6528 6520 3613 3509 7536 5304 %
s :ﬂ? 9246 S430| 10159 6272 9395 7003 12337 2093 %
Arahicopss mﬁ;&_’ o268 1294| 11722 4051 14324 1424 20234 1639 %
- mab;:.gr;‘;;;; 5103 1559 5750 266 057 653 6917 318 %
[ | [ | [ | [ | [ | [ | L N ﬂ
4] | Ll I
@ =) g% @"E | Ciocurment: Done (15,1234 secs) |_|:C|E:| ﬂhl
GO at EBI 1 GO Annotations @ I-ZBI )
PDB 14330 0 15606 0 R707 0 16006 4] Download
README
GO Annotations @ EBI
SwissPROT/TrEMBL 461110 14620 5376157 18811 364927 12241 635244 17035 Download
f README
i mpe 64 64 82 82 26 26 89 1| Download
eisnmanma m({]()r
ma..m(}?;ﬁeﬁﬁf;i): 047 2047|2097 2097 w61 1227 2406 91| Download
Sanger Pathogens { Sekimasodhn o e | 2811 N3ET1 0 0 0 0 3811 3811 Download
fr};’i‘zgff’fmie;;?: 154 154 154 154 155 152 155 14| Download
README
Sanser GeneDB
[ ] q [ ] [ ) [ ]
Getting the 6O and 60:Association Files
= = = =17 T o




The 60 Database

I_i_j) Gene Ontology Data - Netscape ;[Qlil
» [» IC |
GO
A Gene Ontology Database S eD |
Home

Sene Ontology Toals
Site at
wiww godatabase,org

DAG Edit
Ontalogy Curation
Tawl

Wiki
Code and Dratabasze
Wik Pages

AmiG0
Erowser for G0,
Arniacr Cocs

Developers
Area for Software and
Database developers

Data
The Serne Ontology
[Crata Sources

Contacts
Contact information

GO
Fene Ontoiogy Main
ebSite

Download the Data

The GO monthly releases are available, either as RDF XML or as a MySOL Database,
You can get the latest release (May 2003 ) here,

You can get all monthly releases here,

Database Documentation
You can also download the scherma and docurnentation for the release directory, abowve

Database Tables, HTML representation of the database with prirmary and foreion keys crosslinked.
Browse the Table Creation SOL (this is the copy from CWS so it is always the latest)

Scherna Dependencies Diagrarm.

G0 Database Wiki - Wiki is an electronic whiteboard for GO software developers to jot down
ideas and preliminary docurmentation,

* Some Example SOL Queries you can do (submit your own gueries or guestions on how to
formulate queties here),

GO Database Programming Tools
G0 Database access components and packages in your favaorite computer languages, Currently we have
a Perl &PI and java classes,

Mailing List
Mailing list - Join the go-database mailing list to learn about new database ports, changes to the schema,
requests for new features, and other exciting database hooha,

Sene Ontology Sofware Group
EnEeE

@ = A2 &E] | Crocument: Done (2826 secs) |:m:| ﬁh'




Fie Edit WView Favorites Tools Help ‘I
SBack v = v @ 2% | QisSearch [CdFavorites @ivedia (% | A~ S = ~ = | &
Address I@ bt S, godatabase.orgfogi-bin/amigo,/go. cgiraction=plus_nodeRdepth=18search_constrant=termsiguery =GC:0008 1508 session_id=3329b 1088310324 j GO ‘Links ?

57 £-| Search Web I-IE- | IMal - @My Yahoo! T Games - ¥ ahoo! - S Personds - $ LAUNCH - [Sign In |-|
L ]
AmiGO I
[ GO:0003673 : Gene_Ontology ( 146200 ) & Graphical View
E @ GO:0008150 : biological_process ( 96312 ) &
Ha GO0007610 © hehavior { 22093 )
« @ GO:0000004 © biological_process unknown { 26924 GO:0008150 @ khiological_process
@ GO:0009957 - cellular process ([ 31905 )
Ha@ GO0007275  development | 14496 )
M@ CO000837 1 obsolete biological process [ 90 )
: @ GO:0007582 - physiological process [ 60310 )
@ GO:0050789  regulation of biological process [ 2533 )
@ GO 0018032 - wviral life cycle | 252)

H® CO000557% - cellular_component { 78199 )
@ GO 0003674 - molecular_function { 97507 )

q

A aeolicus
A fulgidus

FlyBase

Set Filters

i http://www.godatabase.org/cgi-bin/amigo/ i

€l || [ internet



Querying the GO

() AmiGO : GD:0000724 details - Netscape =18 x|
s =151
I I
GO Term: H
Gene Symbol: Datasource:  Evidence: Full name:
G0:0000724 ¢ double-strand b O] x|

double-s

Accession:iGo,
Synonyms: M
Definition: Th
The restaratior
=ITerm Lineac
GO0003673
@ E0:00cC

G

i

I™ mpraapsicis 5GD
/ I~ RAD 5GD
[« FRAms4Ce  SE0

=External Re
MHane,

lAssociated

Page 1
Kl
(ST

.

I™ HOF1 YEAST ©%= SETI
I BRC2 MOUSE ©% SETI
I HDF2 YEAST ©%: SPTi
-
-

YKUZO @ s 6D
YKLIED © st SGD
GD:DDDD?: double-strand b
I SERRE SGD
™ RaDSD C0s SGD

I wnorgapsscos  S6GD0
I worgapszoos  SGD

I Rapsg ©0s SGD
I ROHS4 2% SGD
™ xps2 oo 5GD
GD:DD&S . double-strand b
I RapS1 0 SGD
I RaDs2 SGD

(4] ]

i = A S E] |Dncument:l

BRC2 HUMAN ©0= SPT1 %

GOst Results:

Your query sequence:

YWVEGCGCR

Results:

Retrienve your job.

Copyright_ The Sene Ontology Consortiuni, All Hghts reserved,

Mews S5O0st Search

Your job has been submitted to AmiG0, Your results should be ready shortly,

=APTRIPZ21275 symbol :BMP4 MOUSE  3PTR:P21275 InterPro:IPRO0O1G3S InterPro:IPROOL1ILIL Pfa
MIPGHRMLMVYLLCOVLLGGASHAS LI PETCREEVAEIOGHAGGRRIGOS
HELLEDFEATLLOMFGLEFRRFOPSKIAVIPDYMRD LYRLOSGEEEEEEQS
QGTGLEYPERPAIRANTVEIFHHEEHLENIFGTIES3AFRFLFNLISTFE
NEVIZSAELRLFREQVDQGPDWEQGFHEINIYEVHEF PAEMVE GHLITRL
LDTRLVHHNV TREWE TFIV S PAVLENTEEEQPNT GLATEVTHLHOTRTHO &
QHYRISESLPQGIGDWAQLRE LLVTFGHD GRGHTL TRRREAFRS PEHHF QR
SRFFNEINCRRHALYYDFIDYGUNDWIVAP PCYAFY CHGDCPFP LADHLY
STNHATYOTLYN VNS S IPRACCYPTEL 3ATSMLY LDEYDEVVLENY OEHM

4] Il |

I

I@ = & (] | Crocurnent: Done (44026 sacs)

- e




Query 6O - by concept

L‘;_I AmiGO! Your friend in the Gene Ontology. - Netscape

FI_I,IB aze
SGD

CIG0:0003673 : Gene Ontology (72737
- [+ @ G0:0008150 : biological DrDEESS #0445

® G0 0005575 @ celular compo
| [+] ® GC:0003674 : molecular fu

Get this bree as RDFE XML,
Get this data as a GO Aak file,

Get a bookmarkable url of this bree,

Copytight The Gene Sntalogy Consartiurn, All rights reserved.

= & G E]N | javascript:Mewiitindow'go.cirview=hlastésession_i...5', ‘Details', 'S80, ‘6501, ‘custom’, front’); =5
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Filter queries

by organism or

evidence

Select sequence

based on
functional

ahnotation
e

Netscape: AmiGO! Your friend in the Gene Ontology.

—

G0:0003673 : Gene_Ontology (31411)

@ 60O:0008150 : biological process (23834)
© GO:0007275 : developmental processes (3433)

© G0O:0007345 : embryogenesis and morphogenesis (2091)

© 60:0007397 : histogenesis and organogenesis (1136)

@ 60:0007498 : mesoderm development (338)

® &0:0007500 : mesoderm_determination_(8)

JExternal References
itp (1)

—Associar. { Genes Gene Filters: Filter by database:

all
FlyBase
S5GD

Filter by Evidence for Association:

Curator Approved
a1l

Inferred from Mutant Phenotype

Page 1
GO Term:
Gene Symbol: Datasource: Evidence: Full name:
G0:0007500 : mesoderm determination
mam FlyBase IMP
sna FlyBase TAS
twi FlyBase TAS
KLF4_HUMAN SWISS-PROT TAS

CRIZ2 HUMAN SWISS-PROT

SHH HUMAN SWISS-PROT TAS

095604 TrEMBL
Bmp4 MGI

—
w

A

M

—
-

Previous Page MNext Page First Page All Gene Products

Not Available

Not Available

Not Available

Kruppel-like factor 4

NAS - NOREFERENCE Teratocarcinoma-derived growth factor
Sonic hedgehog protein precursor
ZINC FINGER PROTEIN

bone morphogenetic protein 4




[ http o Fveww godatabasze argfogi-binfgo.cqi Fsession_id=41 771 0246936 738 v iew=details & search_gonstr aint=qp&ap=FEan000344 55 0p=04 34 T4 5ap="1G 13 4551 S0

>FB| FBgn®003448 symbol:sha InterPro:IPR0GGOG822 EMBL :AE003413 PROSITE:PS00028 PROSITE:H

MAANYKSCPLKKRPIVFVEERLPQTEALAL TKDSQFAQDQPQDLSLKRGR
DEETODYQQPEPKRDYVLNLSKTPERNSSSSSNSCLLSPPVEAQDYLPTE
THMRGLTAGTTGYTTATPTTINPFQSAFVMAAGCNPISALWSSYQPHLAA
FPSPASSMASPQSVYSYQOMTPPSSPGSDLETGSEPEDLSVRNDIPLPAL
FHLFDEAKSSSSGASVSSSSGYSYTPAMSASSASVAANHAKNYR FKCDEC
QKMYSTSMGLSKHRQFHCPAAECNQEKKTHSCEECGKLYTTIGALKMHIR
THTLPCKCPICGKAFSRPWLLQGHIRTHTGEKPFQCPDCPRSFADRSNLR
AHQQTHVDVKKYACQVCHKSFSRMSLLNKHSSSNCTITIA

=SP| 043474 symbol :KLF4_HUMAN InterPro:IPROOGG822 PROSITE:PS00028 PROSITE:PS50157 Pfam

MAVSDALLPSFSTFASGPAGREKTLROQAGAPNNRWREEL SHMKRLPPVLP
GRPYDLAAATVATDLESGGAGAACGGSNLAPLPRRETEEFNDLLDLDFIL
SNSLTHPPESVAATVSSSASASSSSSPSSSGPASAPSTCSFTYPIRAGND
PGVAPGGT GGGLLYGRESAPPPTAPFNLADINDVSPSGGFVAELLRPELD
PVYIPPQQPQPPGGGLMGKFVLKASLSAPGSEYGSPSVISVSKGSPDGSH
PVVVAPYNGGPPRTCPKIKQEAVSSCTHLGAGPPLSNGHRPAAHDFPLGR
QLPSRTTPTLGLEEVLSSRDCHPALPLPPGFHPHPGPNYPSFLPDOMQPQ
VPPLHYQELMPPGSCMPEEPKPKRGRRSWPRKRTATHTCDYAGCGKTYTK
SSHLKAHLRTHTGEKPYHCDWDGCGWKFARSDEL TRHYRKHTGHRPFQCQ
KCDRAFSRSDHLALHMKRHF

>MGI | MGI:88180 symbol:Bmp4 InterPro:IPRGO1839 InterPro:IPROGO1111 Pfam:PFOOO19 Pfam:PF

MIPGNRMLMVVLLCOQVLLGGASHASLIPETGKKKVAEIQGHAGGRRSGOS
HELLRDFEATLLQMFGLRRRPQPSKSAVIPDYMRDLYRLOQSGEEEEEEQS
QGTGLEYPERPASRANTVRSFHHEEHLENIPGTSESSAFRFLFNLSSTIPE
NEVISSAELRLFREQVDQGPDWEQGFHRINIYEVMKPPAEMVPGHLITRL
LDTRLVHHNVTRWETFDVSPAVLRWTREKQPNYGLATEVTHLHQTRTHOQG
QHVRISRSLPQGSGDWAQLRPLLVTFGHDGRGHTLTRRRAKRSPKHHPOR
SRKKNKNCRRHSLYVDFSDVGWNDWIVAPPGYQAFYCHGDCPFPLADHLN
STNHAIVQTLVNSVNSSIPKACCVPTELSAISMLYLDEYDKVVLKNYQEM
VVEGCGCR




Using 60..my favorite Gene

(M) MGI 2.96 - Genes and Markers Query Form - Netscape O] x|
» Fil= Edit Wiew Go Bookmarks Tools ‘Window Help |
» |» I

Fs

Genes and Markers Query Form

[ <

in these sactic

" Terms ™ Gene Products

Top Docs Gene Onbology S0 Links @ Surmary

EG0:0003673 : Gene Ontology (72737) @
® G0;0002150 ; biological process (4944387

Al zections

Aocession | |

Ehenalypes ® GO:0005575 : celular_comporent (37123)
p & ® GC:0003674 : molecular function (577211
I Get bhis bres as RDE XML,
Advanced 5 Get this data as a G0 Aatk file,
Search Cat Get a bookmarkable url of this bree,
L__all Search Ton
B A &

Copytight The Gene Ontalogy Caonsartiurn, Al rights reserved.

Advanced Query
50st Search

FlyB aze
SGED

() AmiGO! Your friend in the Gene Ontology. - Netscape =10 x|
em . File Edit Wiew Go Bookmarks Tools Window  Help |
I
il
Search fo _ -
T Search GO: | I Exact Match Subit | Datasource

FY

[]

4] I

@ = & O ED | Crocurmenty Done (4,456 secs)

[ 1v]
==
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Data Mining by Sequence

L‘;_I AmiGO! Your friend in the Gene Ontology. - Netscape

AL AL ANT

EG0:0003673 : Gene Ontology (72737) @

@ EC0003674 : molecular function

Get this bree as RDFE XML,
Get this data as a GO Aak file,

Get a bookmarkable url of this bree,

Copytight The Gene Ontalogy Consartiurn, All Hights reser

_ = & G E]N | javascript:Mewiiiindow'ga.c

- @ GC:0003150 : hiological process (40448%
| @ G0 0005575 @ celular component [

e ]

FI_I,IB aze

sGD

IALLLANT N

Welcome to GOst, the Gene Ontology Blast server,

Enter a SWISS-PROT sequence ID: |

Paste in a FASTA sequence:

= & @’E |D|:u:ument: Come (21,191 secs)

TJL-2004
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Data Mining by Concept-Sequence

() AmiGO : GD:0000724 details - Netscape -7 x|
=] x|
I
GO Term H
Gene Symbol: Datasource:  Evidence: Full name:
double-s' co.0000724 ¢ doubie-strand bi = - 10| x|

Accession:iGo,
Synonyms: M

.

BRC2 HUMAN ©0= SPT1 %

Definition: Th [ HOF1 vEAST ©%= SPTI
gi:ﬁftfiﬁ:; ™ BRCZ MOUSE ©%s SPTH
Go:0002673: | HOF2 vEAST ©% SPTI Mews GOst Search
® GO:00C r YEUFO © e SEh
® GO 2| GOst Results:
I ykuUsg oo SG0
GE0:0000727  double-strand b Your query sequence:
I MRE11 0% SGD
|_ RADSO Cllgt 5GD =APTRIPZ21275 symbol :BMP4 MOUSE  3PTR:P21275 InterPro:IPRO0O1G3S InterPro:IPROOL1ILIL Pfa

MIPGHRMLMVYLLCOVLLGGASHAS LI PETCREEVAEIOGHAGGRRIGOS
r AOT RADS Gl 560 HELLEDFEATLLOMFGLEFRRFOPSKIAVIPDYMRD LYRLOSGEEEEEEQS

r cop || UGTGLETPERPASRANTVRSFHHEEHLENTPGTSESSAFRFLFNLSSTRE
RAD =2 | WEVISSAELRLFREQVDQGFDVEQGFHRINTYEVHEPPAENVE GHL ITRL
D7 240540 56D || LDTRLVHHNVTRVETFDVSPAVLEWTREKQPNYGLAIEVTHLEOTRTHOG

- -4 ogp | VHVRISRSLPQGSGDWAQLRPLLVTFGHDGRGHTLTRRRAKRS PKHHPOR
MOF BADSG S50 298| e RN CRRES LY VD FSDVGUNDWIVAPF GYQAFYCHGD CPFPLADHLY
CExternalRe [~ 7o nc-c0.  SGD| | STNHATVOTLYNSVHSSIPKACCYPTELSATSMLYLDEYDEVYLKNYQEM

Mone, VWEGCGCR
ClAssoGated | RaDs9oOs =0
I ROHS4 2% 56D | Results:
r WRSD O st SGEh . . .
GO'DD4_5EIEIS . doble-strand b Your job has been submitted to AmiGo, Your results should be ready shortly,

| rage 1 ™ Rapsicoe SGD | | Retrieve your job,

4

== ™ paDs2 26D Copyright The Gene Ontalogy Consortium, &l tights reserved,

i = A S E] |Dncument:l

| 1l | [»
@ = & (] |Dcn:un1ent: Drone (4026 secs) |ﬂE:|ﬂ=h




Other GO Browsers

fﬁ__,‘.l Gene Ontology Consortium - Netscape

=8 %]

MGI GO Browser

QuickGO at EBI

EP GO Browser

GoFish

Genhlay

With the MGL GO0 Brovwser, you can search for 3 GO term and viewe all mouse genes
annotated to the term or any subterms. You can also browse the ontologies to
viesw relationships between terms, term definitions, as wel as the nurmber of mouse
genes annotated to a given term and its subterms, The MG GO browser directly
accesses the GO in the MG database where mouse gene annotations, are updated
nightly, The version of the GO used is obtained nightly from the GO fip site,

With QuickG0, a GO browser integrated into InterPro at the EBL wou can search for
a G0 termn to see its relationships and definition, as well as any available mappings to
Swiss-Prot keywords, to the Engyme Classification or Transport Classification
databases, or to InterPro entries, Lse documentation is available from the manual
and the FAD.,

The EFGD brovweser is built into EBI's Expression Profiler, a set of tools for clustering,
analysis and wisualization of gene expression and other genomic data, With it, you
can search for GO terms and identify gene associations for a node, with or without
associgted subnodes, for the organism of your chioice,

The GoFish program, available as a Java applet, alows the user to construct arbitrary
Boolean gueries using GO attributes, and orders gene products according to the
extent they satisfy such queries, GoFish also estimates, for each gene product, the
probability that they satisfy the Boolean query, Developed by the Roth lab at
Harvard,

GenMay is a GO broweser developed at KWLM, It searches GO terms and annotated
gene products, and provides a graphical display of a term's position in the GO DAG,

GeneOntology@RZPD ‘With the GeneCntology@RLPD tool at the Besource Center/Primary Database

ProToGO

CGAP GO Browser

(RZPD in Germary, you can search for GO identifiers associated with UniGene
Clusterlds, Genes (MamefSyrbol) and Clones provided by the RZPD, You can also
search for UniGene Clusters, Genes and Clones annotated with a certain GO
identifier or a combination of GO identifiers, So far, GO annotations for human and
mouse genesfclones are linked.

ProToiD, developed at the Hebrew: University in Jerusalemn, searches the GOA@ERL
ahd Cormnpugen annotation datasets, The output is a graphical view of the relevant
sub-graph of GO, containing those GO terms assigned to the query proteins,
Documentation is provided,

With the GO browser at the The Cancer Genome Anatormy Project, you can brovwese
through the GO vocabularies, and find human and movse genes assigned to each

[»

L4]

4]

[»]

@ = & & E] | Document: Done (28,913 secs)



() GenNav [GO:

July 2003] - Netscape -|0O] x|

Terna:
What:
Field:
String matchi

Species restr

Search GO

Comments’

Contact: Oliv

@& A8 €

|
() GenMav [GO: July 2003] - Netscape E -0 x|

[»

Term: IF'a:-:3

What: | Gene/Gene product El/ Gene

Field: I Autornatic =] P "o d u CT

String matching method: I Autormatic ll
I
Species restriction: E Muz muzculus [house mouse]
| \
Search GO | Clear |
Species:
Comments? Feedback? Questions? Mu

Contact: Olivier Bodenreider

= =
L -:i:lllus‘;h

LAY

Conwrioht and Privacy Botice

Ed
@ = & &FE] | Cocumnent: Done (1,923 secs) | |=:Il:| fl




Gene_Ontology

cellular_component

A“‘.;‘

biological_process molecular_function

binding

physiclogical processes development
\

transcription regulator : LRV A
P 9 nucleic acid binding intracellular

activity

metabolism
nucleobase, nucleoside,
nucleotide and nucleic acid morphogenesis DNA binding nucleus
metabolism
l,
transcription \ transcription factor activity nucleoplasm
]
)\ | |
|
f

regulation of transcription organogenesis

transcription, DNA-dependent

transcription factor complex

N
regulation of transcription,
DNA-dependent
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Gene_Ontology

p;

cellular_component

extracellular

f

f

extracellular space

\

biclogical_process

development

cellular process

embryonic development morphogenesis

cell differentiation

organogenesis

embryonic development (sensu
Animalia)

urogenital system development

gastrulation histogenesis
formation ?:yperrlmary germ mesoderm development ‘

cell fate commitment
metanephros development

~a
mesoderm formation

cell fate determination

mesoderm cell fate commitment

T ~

mesoderm cell fate
determination

ureteric bud development
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GO Tools
14 applications contributed

{#) Gene Ontology Consortium - Netscape -0 x|
T

Other GO Tools =
GO Term Finder * The GO Term Finder searches for significant shared GO terms, or parents of the
G0 terms, used to annotate gene products in a given list, & Web based GO Term
Finder at SG0 searches annotations of budding yeast gene products, & genetic G0
Term Finder has been created by SMD and can be downloaded from CPAMN.

GO Term Mapper & The G0 Termn Mapper at SG0 maps the specific, granular GO termns wsed to
annotate a list of budding yeast gene products to corresponding GO Slim terms (ie.
rmore general parent GO terms; uses the SG0 G0 Slirm set),

Manatee s Manates i a web-based gene evaluation and genome antotation tool developed
at TIGR. Manatee can store and view annotation for prokaryotic and eukaryotic
genomes. The Manatee interface allows biclogists to quickly identify genes and make
kigh quality functional assignrments, such as GO classifications, using search data,
patalogous families, and annotation suggestions generated from automated analysis, uff

PubSearch s PubSearch is a web-based literature curation tool developed at TAIR and available
wig GMOD, It allowes curators to search and annotate genes to keywords from
articles, It has a simple, mySOL database backend and uses a set of Java Serviets
and 15Ps for querying, rodifying, and adding gene, gene-annotation, and literature il
infarmation. A derno is available,

SOURCE s SOURCE, developed by the Stanford Microarray Database (SMD) team, compiles
infarmation from several publicly accessible databases, including UniGene, dbEST, I
Swiss-Prot, GeneMap99, RHdb, GeneCards and LocusLink, GO terms associated with
LocusLink entries appear in SOURCE,

MAPPFinder & MAPPFinder is an accessory program for GenMAPE. This program allows users to
Query any existing GenMAPP Expression Dataset Criterion against GO gene
associations and GenMAPP MAaPPs (microarray patheway profiles), The resulting z
analysis provides the user with results that can be viewed directly upon the Gene
Ontology hierarchy and within GenMaPP, by selecting terms ar MAPPs of interest,

FatiGO & FatiGD is a web interface for clustering DNA rmicroarray data and simple datamining
Lising GO, datamining consists of the assighment of the most characteristic Gene
Ontalogy term to a cluster, GO terms are related to hurnan, mouse, fiy, worm and

Saccharomyces genes and proteins. fin
GoMiner & MatchMiner = GoMiner is 2 Java-based prugram package that organizes lists of |r‘|terezt|r‘|g genez —
L= m Py I [P TV o 5 Mk =L i £ o il
4] il | [»]
@ (=] d% @"E | Cocurment: Done (14111 secs) | |:QE:| ﬂq’l

Rstart| | 4 @ OB S @ || @ @o.| @ @0 @e| T TE[[@e. [EFSLLOBE swav




Analysis of Data: Clustering

5 60 Term Finder
+ Searches for significant shared GO terms
* Gavin Sherlock, Stanford Microarray Database

S VLAD

+ Web interface for clustering DNA microarray
data

» Limited organismal coverage
* Human, mouse, fly, worm, yeast

I MAPPFinder
+ Accessory programrfemizenMAPP 57

(MicroArrayPathwayProfiles)



GO Term Finder

I.IEIJ SGD Gene Ontology Term Finder - Netscape - |5’ |5|
» I I |
SGD Gene Ontology Term Finder [ Help | i
This GO |.h:IJ search.cpan.org: Gavin Sherlock / GO-TermFinder - Netscape - |EI|E|
wour list & I I |

Gavin Sherlock = GO-TermFinder

LI

o C
GO-TermFinder

This Pelease GO-TermFinder-0.2 [Cownload] [Browse] 14 Apr 2002
Qther Releases | oo Fider0 1 - 08 Mar 2003 ] Gota]
Links [ <PAaM Testers ][ CPAM Reguest Tracker ]
i Special Files Changes MANIFEST README
| il vodies
GO AnnotatedGens 0.1
G0 Annotation 0.1
o | G2 AnnotationProvider 0.1
GO AnnotationProvider:: AnnotationParser 0.1 |=
GO Mode 0.1
G DntologyProvider 0.1
GO OntologyProvider : OntologyPar ser 0.1
GO Reference 0.1
G0 TermFinder 0.2
Documentation
& G AnnotationProvider:: AnhotationParser -

@ 4 £ @ =] e!% @'E |D.:..:|_|n-.ent: Cone (0,211 secs) |:m:|ﬂ=h




GO Tools at MGI

() MGI Gene Ontology Term Finder - Netscape O] x|
k I I |
MGI Gene Ontology Term Finder
Bl ) GO Term Finder Results - Netscape i ] B
GSHE Pl= S ) GO Term Finder Results - Netscape - O] =|
d Tl . File Edit Wew Go Bookmarks Tools Window Help |
Step || Theg » |» |
consic
IDr:Dut ore than once, It will only be
Selec
GOID
GO: 0
z0:0  fEduency P-walue Corrected P-value Geneis) Directly Anmnotated GOID list
G0-0 { 299 of 30000 annotated genes ) 8.6E861le-E17 3.0E00le-Z15 MGI:1E5180%, MGI-1127010, MGI:1037633, EE
[ zO-0 {207 of 20000 annotated genes ) l1.1E1z3e-16E F.9E431e-1581 MEI:1E5120%, MEI-1127010, MGI:1037:633, EE
Ea:-0 {1777 of 20000 ammotated genes ) Z.08E608a-98 7.19628a-97 MGI: 16128053, MGI:-1127010, MEI: 10976593, EE
GO:-0 i 4508 of 20000 annotated genes ) E.ZE67?7a-EE 1.82937a-64 MEI:1Z51809, MEI-1127010, MGI:1097:693, EE
[} z0-0 {7373 of 30000 annotated genes ) 5.17401la-43 1.8105%0a-47 MGI:1Z5180%, MGI-1127010, MGI:1037693, EE
GO-0 { z7 of 30000 annotated genes ) 4. 4441 Fa-320 1l.55Edda-28 MEI:1E5120%, MGEI:25295, MGI: 24423252, MGEI:
r___ Ea:-0 i 27 of 0000 amncotated genes ) &.E9276a-29 Z2.30747a-27 MGT:1314881, MGI:E44F3259, MEI: 13439581, EE
GO:-0 { 20 of 20000 annotated genes ) 1.92401a-28 &.9440Za-27 MGEI:13148281, MGEI:-Z44z3FZ9, MGI:13439:1, EE
| co-no { 81 of 30000 annotated genes ) Z.5060%a-28 8.77133e-27 MGI:131458581, MGI:zZ44z3FE9, MGI: 1343961, EE
StED GO-0 { le of 30000 annotated genes ) 2.81874a-E& F.08656a-24 MGI:102E8E57, MGI:103&58z2, MGI:2L5480, MGEI:SS
GD:DX {188 of 20000 ammotated genes ) 7.50124a-25 Z.62584d4a-23 MGT:1314881, MGI:E44F3259, MEI: 13439581, EE
ﬁ-p|z Go:0 {400 of 20000 annotated genes ) 9.76E23d4a-25 3.4168Za-223 MGEI:13148281, MGEI:-Z44z3F9, MGI:1316573, EE
r-H z0-0 i 474 of 30000 annotated genes ) 4 &6905da-F3 l.6416%3a-Z21 MGI:131458581, MGI:zZ44z3E9, MGI: 1316678, EE
r-C| GD:DZ { 2 of 20000 amnotated genes ) 1l.441E42—-E0 L. 04435a-13 MEI:1E5120%, MEI-10276%2, MGI:134111EZ, EE
Ea:-0 i Z0 of 3I0000 amncotated genes ) 1.03394a-11 3.61l880e-10 MGI:1081Ez6, MGI:15F1E58E5, MEI: 105128, MGI:
StEﬂ zO-0 [ Z493 of 20000 annotated genes ) 4 95401l=a-10 1.72740e-08 MGEI:13148281, MGEI:-Z44z3FZ9, MGI: 109292, EEE
G0-0 { 7 oof 30000 amnotated genes ) 1l.54313=a-03 E_4F195e-08 MGI:1343961, MGEI-101816, MGEI:-101938, MGEI:
Sea GO-0 { 7 oof 20000 amnotated genes ) l.54213=-03 L. 4E198e-082 MGEI:1343261, MEI-1l0lg8le, MGEI:1012328, MGEI:
Ea:-0 i 27 of 30000 amncotated genes ) 2.59%021le-039 3.00857a-07 MGI:1100E51z, MGEI:10E5z253, MEI:5785%0, MGEI:]
Baser GO:-0 { YE of 20000 annotated genes ) 4 72888=-08 1. 676lle-05 MEI:1100E81Z, MEI-105393, MGI:-S27890, MGI:1
G0-0 { 78 of 30000 annotated genes ) &.0705Za-08 Z.1Ed468a-05 MGI:1l0051z, MGEI-105393, MGI:S27830, MGI:1
GO-0 { 21 of 30000 annotated genes ) 1. 3E738a-0& 4 _ g4L8EZa-05 MGEI:1343261, MEI-1l0lg8le, MGEI:1012328, MGEI:
IEB EE { 4358 of 20000 ammotated genes ) S.6079%a-08& 3.36280e-04 MGT: 1314881, MGEI:E44z329, MEI: 109252, MGI
{ 2 of 30000 amhotated gehes ) Z.0805Ee-05 7.17694a-04 MEI-99137, MGEI:Z4423229, ]
Todo
A _
D & Fl Il (el
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; VLAD - Visual Annotation Display - Microsoft Internet Explorer
Fle Edit \iew Favorites Tools Help ﬁ
“Back ¥ = v @ [0 & | Qsearch GFavorites PMeda B | B S =~ EH | &
Address I’ej hitp: /fproto.informatics jax.org/prototypes fvlad/ j PG ‘Links > &
7 fvl [Search b |v|E|v | Eamail ~ @My vahoo! [¥Games - ¥vahoo! - %7 Personals = T LAUNCH - [Sign In |v|

VLAD <@ 10 I

< age < VLAD - Visualb Annotation Display
VLAD 1z a tool for visualizing GO annotations. The annotation data are a subset of those avatlalf
will produce a graphical summary of the annotations. U S i n th e G o fo r d ata
Download g

Help Feedhack I h
(Some...) (prablems? suggestions? requesis?) feaming sg a n a ys i s i S t e re a
EEE

I Biological Process

i IMJ““ functional “theme” in
'™ Exclude TEA annotations. you r Set of genes ?

|Annutatiuns Filters:

Query Set:
(gene symbols and/or IDs; use textarea

or upload file)

[
Upload file of symbols/Ds: Browse... |

 Percentages

Scoring: & Povalues

o | NEEP://Proto.informatics.jax.org/prototypes/viad/ B
20 Collapsing threshold.

‘ Submit Query I Reset | -

&) Done Cl [ e nrerner v




GO 0008150
biological_process
(1.0E00,78,9665)

GO 200TOF96

GO zooog152 respansze
metabolism tao
(8.2E-26,78,4629) stimulus
(6.2E-65,75,1485

_,—'-"'-f-’

GO 20006139

(4. 1E-56.75.191

GO 20006574

B0 006253 PESEE”SE
DA ol
metabolism Hamage
F ¢2.7E-119,75,33 tim T

(2.0E-162,75.123)

GOz 000A310
ONA

recombination

(9.3E-23,14,28)

GO :0006251
OMA
repair

C1.2E-172,75,10

OO0
O

Biological Process

nucleohase, .
nucleoside, GU000S714 GOz OOOBIS0
nuclectide PESEEHSE response
andl ehdogenous (EE
nucleic . ztress
acld (2.0E-162,78,123 {11580, 78, 71
metakbiolizm

Example of VLAD Output

Compare annotations
associated with the test
set to the entire
universe of GO
annotations....

DNA Repair seems to
be a common theme.

L-2004




Edit “iew Favorites Tools Help

kv = v @[3 4| Qsearch GdFavorites

Dreda 3| B~ St~ EH| 8

35 Iﬂj Http: /fproto.informatics. jax.org/prototypes fvlad fvlad. cgi ﬂ G0 |Limks “
£v| Search Web I'IE" | OMal - @ My Yahoo! L] Games - ¥ryahoo! - %7 Personals - $ LAUNCH - | SignIn |-|
Biological Process
GOTerm | P |f| M | Genes
0006281 DA repair  (1.24E- (78103 MG [(*0610041014Rik, ¥1200008418R ik, *2310024D23Rilk, #5330483C0ER1k, *Adprtl, *Adprtl2 *apex] *apexl *Atm,

172

Fatry, ¥B130055N23R1k, ¥ BC0O34753, *Chafla, #Chaflb, *Csnkcld, *D5Ertd673e, *Didbl, *Dimelh, *Ercel, *Ercel, *Erce3,

*¥Erced *ErccS, ¥Fance, #¥Gtf2h1, #Gti2h2 #Gti2hd ¥Ligl *¥Lig3 *¥Ligd *blemt, *WAh1, #4010 *Wpe, ¥Wdrella, *¥Wsh2 ) *¥hishe

Fhdutvh, #¥Mthll, *Cgel |, *Pms2, ¥*Polb, ¥Pole, ¥Polg? | *Polh, ¥*Poli, *Poll, *Poll, ¥Prikde, *Radl, ¥*Eadl 8, *Ead21, *Ead23a,

*¥Rad23b *Eads0 *Eads1, *EadS1c, *Bads111l, #¥Eads113, ¥*Rad52, ¥*Eads4]l *Ebbpd. *Recgls, ¥*Eepl, ¥*Eep? *Revil *Efes

*Tde *UThll, ¥Ung, *Uvragl, ¥*3pa, ¥2pe, ¥3recl, ¥3rec?, *¥30roc3, recd, ¥3recs]

OO0&574: response to [1.98E-  [78|123
& damage stimulus 162

MG (0610041014 k. 120000841881k, 2310024D23 1k, 5830483 C08 1k, Adprt]l Adprtl? Apexl Apex? *Atm Atrs
B130055M23Rik, BCO034753 Chafla, Chatlb, Csnlcld, DSErtde7%e, Ddbl, Dmelh, Ercel, Ercc?, Erce3, Erced, Erces, Fance,

Gtfahl, Gif2h2 Gif2hd Ligl, Lig3, Ligd, Memt, *hdlhl, M Mpg, Mrella, MMsh2 Mshe, bdutyh, Mthll, Ogel, Pms2 Polb, Pole,

Polg?, Polh, Poli, Polk, Poll, Prlede, Radl, *Badl 8, Rad? 1, *Ead23a, *Rad?3b, Eads0, BEads51, BadSlc, ¥ Bads11l, *Rads5113,

Rad5s2, Rad54] Bbbpd, Recgls, Repl, Rep?, Rev3l Efes, Tde Ubll, Ung, Tvragl, Xpa, Xpe, Xreel, ¥3recd, ¥3recd, Xrood,

reci]

Q009719 rezsponse to |1.98E- (78123

MG (0610041 014k, 120000841 S8Rk, 2310024D23K1k, 5830483C08R1k, Adprtl, Adprtl?, Apexl, Apex? At Atrx

agenous stimulus 162 E130055N23Rik BC034753 Chafla, Chaflb, Csnkld DSErtdé7%e Ddbl. Dmetlh, Ereel, Ercc? Erce3. Erced ErceS Fance,
Gtf2hl, GtfZh2, Gif2hd, Ligl, Lig3, Ligd, Mgmt, ki, M, Mpe, Mrella, bsha, bshe, Mutvh, Mthll, Ogel, Pms2, Polb, Fole,
Polg? Polh Poli, Polk, Poll, Prlede, Badl, Eadlg Ead21 Ead23a Rad23b Eads0 Ead51 EadSle Eadsill Eadsi113 Eadsz,
Fads4], Ebbpd, Recqld, Eepl, Rep?, Eev3l, Efcd, Tdg, Tbll, Ung, Uvragl, Xpa, Xpe, Xreel, Xreed, Xree3, Xreed, Xrees]

DO0E255: DINA 2.69E- [78(330 MG [0810041014Eil, 12000084181l 2310024D23Ei1k, 5830483 C08R1lk, *adprtl, Adprtl?. Apexl, Apex? At Atrg

abolism 112 B130055M23Rik, BCO034753 Chafla, Chatlb, Csnlcld, DSErtde7%e, Ddbl, Dmelh, Ercel, Ercc?, Erce3, Erced, Erces, Fance,

Gtfahl, Gif2h2 Gif2hd Ligl, Lig3, Ligd, Memt, b1, ML Mpe, #¥0drel 1a, Msha Mshe, bdutyh, Mthll, Ogel, Pms2 Polb, Pole,

Polg? Polh, Poli, Pollk, Poll, Prlede, Radl, Badlg Ead21 Ead?3a Rad23b Eads50 Eads1l EadSle RBadsill, Bad5113, Bads?,

Fad54], Ebbpd, *Eecql5, Eepl, Rep2, Eevil, Efcd, Tdg, Ubll, Ung, Uvragl, Xpa, Xpc, Xrecl, XreeZ, Mree3, Xreed, XrecS]

OO0E950: response to [1.08E-  [78(715
58 20

MGT (0610041014 k. 12000084A18Rik, 2310024D23 1k, 5830483 C08R 1k, Adprtl Adprtl? Apexl Apex? At Atre
B130055M23Rik, BCO034753 Chafla, Chatlb, Csnlcld, DSErtde7%e, Ddbl, Dmelh, Ercel, Ercc?, Erce3, Erced, Erces, Fance,

Gtfahl, Gif2h2 | Gif2hd Ligl, Lig3, Ligd, Memt, Bh1, ML dpe, Mrella, BMsh2, Mshé, hutvh, Mthll, Ogel, Pms2, Polb, Pole,

Polg? Polh, Poli, Polk, Poll, Prlede, Radl, Badl g Ead21, REad?3a Rad23b, Eads0 EBad51 BadSle, Bads1ll, Bad5113, Bads2,

Rads4], Ebbpd, Recals, Repl, Rep?, Rev3l, Efes, Tdg, TUhll, Ung, Uvragl, Xpa, Xpe, Xreel, Xroc?, Xreed, Kreed, Xrees)

Q050896 response to |6.17E- 78 1485
wlus 65

3G (0810041014 1k, 12000084181k, 2310024023 1k, 5830483 C08R1k, Adprtl, Adprtl?, Apexl, Apex? At Afrx,
E130055N23Rik BC034753 Chafla, Chaflb, Csnkld DSErtdé7%e Ddbl. Dmetlh, Ereel, Ercc? Erce3. Erced ErceS Fance,

Gtf2hl, GtfZh2, Gif2hd, Ligl, Lig3, Ligd, Mgmt, ki, M, Mpe, Mrella, bsha, bshe, Mutvh, Mthll, Ogel, Pms2, Polb, Fole,

Polg? Polh Poli, Polk, Poll, Prlede, Badl, Eadlg Ead21 Ead23a Rad23b Eads0 Ead51 EadSle Eadsill Eadsi113 Eadsz,

Rads4l, Rbbpd Eecqls, Repl, Rep2, Revi3l Efe5, Tdg, Ubll, Ung, Usragl, Xpa, Xpe, Xreel, Xrecd, Xree3, Xrecd, Xrecd]

0006139 mucleobase, M.08E- [78(1915
eoside, nuclectide and |56

3G (0810041014 1k, 12000084181k, 2310024023 1k, 5830483 C08R1k, Adprtl, Adprtl?, Apexl, Apex? At Afrx,
E130055N23Rik BC034753 Chafla, Chaflb, Csnkld DSErtdé7%e Ddbl. Dmetlh, Ereel, Ercc? Erce3. Erced ErceS Fance,

eic actd metabolism

Gtf2hl, GtfZh2, Gif2hd, Ligl, Lig3, Ligd, Mgmt, ki, M, Mpe, Mrella, bsha, bshe, Mutvh, Mthll, Ogel, Pms2, Polb, Fole,

el ol el Tl ol Teded . T A o dd e e dnd e daa s e daal. o den T dod T ded - s Ao s Ao Tl dony
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Apotosis Regulator

2 ;: Red: up by 1.5 fold

Blue: down 1.5 fold

GoMiner Tool, John Weinstein et al,
NCI: Genome Biol. 4 (R28) 2003
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Analysis of Data - Binning

5 60 _Slims
* High-level sets of terms
» Can be specific for specific datasets

I Comparative GO_Slims
* Data analysis

TJL-2004

64



Molecular Function Bins
(MGI-RIKEN example)

1.) defense/immunity protein: defense/immunity protein

2.) cytoskeletal protein: cytoskeletal regulator OR motor OR
structural constituent of cytoskeleton OR structural constituent of
eye lens OR structural constituent of muscle OR cytoskeletal binding
protein

3.) transcription regulator: transcription regulator

4.) cell adhesion molecule: cell adhesion molecule

5.) ligand binding or carrier: ligand binding or carrier

6.) ligand: ligand

7.) receptor: receptor

8.) other signal transduction molecule: signal transducer
EXCLUDING (ligand OR receptor)

9.) enzyme: enzyme

10.) transporter: transporter

11.) enzyme regulator: enzymernegulator 65
12.) other molecular function: NOT (1-11)




Molecular Function Ontology
(MGI annotations)

other /icrj:::giﬁ cytoskelletal
enzyme molecular y protein
regulator function transcription

/

regulator
/\ cell

transporter ——

adhesion
SlnAinls molecule
other signal ligand

transduction

binding or
molecule receptor

ligand carrier

TJL-2004 66



Molecular functions: 2 cell stage expressed genes

Percent of GO-annotated genes

50

m 2-cell stage expressed genes

H
o
I

B MGI (whole genome)

Evsikov, et al.,2004. Cyto & Gen Res

w
o
I

N
o
I

10 -

translation transcription ligand, kinase, other enzyme transporter chaperone structural other

regulator and regulator and receptor phosphatasT JL-2004 and regulator function 61plecular
RNA binding DNA binding function



Other GO Tools

I Indices of other Classifications to GO

(&) Gene Ontology Consortium - Netscape =|O] x|
Q Iy I IC I
Indices of other Classification systems to GO:
Database Index File Source
Cowiss-Prot - — E;gh;r;?t;;ﬂun fhiate: sokwago weed ta he caled swalgn, aif e ramain
Egimisim BC200 Michael Ashburner
EGAD egadzgo Michael Ashburner
J‘:iu ‘ GenProtEC genprotec2go Heather Butler & Michael Ashburner
= TIGR role figr2go Michael Ashburner
TIGR Families figrfams=go  TIGR Staff
o InterPro interprozZgo  Micola Mulder
MIPS Funcat ips20o Michael Ashburner & Midari Harris
Metalyc Pathways metacyc2go Michasl Ashburner & Midori Harris
Pfarn Domains pfam2ao Micola Mulder
Prodom Domains  prodomz2go Micola Mulder
Prints Dommains prints2go Micola Mulder
_ ProSite Domains  prosite2oo Micola Mulder
Q 1 Srmart Domains smart20o Micaola Mulder
Q 4] 1l

@ =) eﬂ @'E |Dncument: Dome (14,292 sacs)




Extending the paradigm

combinatorial approaches

HOBO - Open Biological Ontologies
-Open and are in GO syntax or DAML+OIL
-Orthogonal to existing ontologies to facilitate

-Share unique identifie

*Anatomies

-Cell Types
Sequence Attributes
Temporal Attributes
‘Phenotypes
-Diseases

Th 's o Uil l;]opr:n ri‘ndmnba
Ve BO }’W an t| TIgin
Icimige acknowle dged and they can not be altered
under the same name.
criteria The ontologies are in, or can be instantiat
hared ytaxTh may be either the
The OBO ntolg are for shar| \gand nsions of this syntax, or OWL.
for the entire community. For this thr be
avaulabl toall w th ut any ¢o tra Icense nthe\r
redsron. Howerer, i roper piid The ontolo rthogonal to other ontologies
o nals urce is always cre d dand hatthey alre: dy\dggdw!hOBo bt
nvebe dlsmhed nder the s d1rhe
me identifiers after 2 nyal
The ontologies share an unique identifier space.
The ontologies include textual definitions of their term
K E— i
@ = & ©F [J | htpoiobasourceforge et

" http:obo.sf.net




Open Biological Ontologies - OBO

() About OBO - Netscape

VWvelcome to OBO

click hare to antar

criteria

The OBO ontologies are for sharing and are resources
for the entire community. For this reason they must be
available to all without any constraint or license on their
use or redistribution. However, it is proper that their
original source is always credited and that they must
never be redistributed under the same name or with the
same identifiers after any alteration.

The ontologies must be open and car
any constraint other than that their o
acknowledged and they can not be a
under the same name.

The ontologies are in, or can be insta
shared syntax. This may be either
extensions of this syntax, or OWL.

The ontologies are orthogonal to
already Iodggi:.d with OBO. '

The ontologies share an unique identifier

The ontologies include textual defini

3Kl
= & O ] |httpifioba sourceforge.net#




Sequence Ontology - SO

&) 0BO Overview - Netscape

| » | » |

=1ol x|

OBD  Related Projects Crganism DBs

* DBO relationship types
* MESH
® genormic #: protecnic
o gene structure and variation
O gene product
k B gene product name
molecular function
biological process
cellular component
pratein

B protein domain
= protein covalent bond
B protein-protein interaction

® hiochemical

2 biochemical substance

o cell signalling

O physical-chemical methods and properties
® developrmental timeline

° plant developrent

B Arabidopsis development
B Rice development
O anirnal developrnent
B Human anatomy and development

B Mus anatomy and development
B Pebrafish anatomy and development

SOMG developers

$0 home page

S [subset is SOFA]

Discussion release,

so.ontology

so.definition

<
= & O E] |httpiffsongsourceforge.netf




Sequence Ontology (SO)

Sequence_Feature_Ontology
B & sofa
B & gene
O regulatory_region
E 8 transcript
€ primary_transcript
Bl @ processed_transcript
& exon_junction
B messenger_RMNA
© noncoding_RNA
B polyA_site
© junction
B © reagent
0 assembly_component
O clone
© databank_entry
B oligonucleotide
O per_product
© region
€ remark
Bl @ sequence_variant
O deletion
© insertion
 inversion
© substitution
6 translocation_junction
B © transposable_element
O DNA_transposon
E € retrotransposon
€ LTR_retrotransposon
Bl & non_LTR_retrotransposon
6 LINE_element
© SINE_element

&l A structured controlled

vocabulary for the description
of primary annotations of
hucleic acid sequence

& Can provide structured

representations of these
primary annotations within
genome and model organism
databases

& Supports exchange and

tgomparative analysis between
information systems

72



m Structured Vocabularies in MGI

Informatics

4l Gene Index (nomenclature)
i Anatomies
i GO.

- Molecular function,

i

i

» Biological process,

» Cellular component

I SO - Sequence Ontology

i

3 Phenotypes - MP

G Disease Models; o 73



Mouse Anatomies

hierarchies

& Developmental and Adult
4 Core Vocabularies for Biology
& Incorporate time and lineage components

E- [ Stagels
E|E',v embiryo
Iil branchial arch
Iil cavities and their linings
Iil ectodern
B (5] linb
Iil mesenchyme
El & hotochord
El& organ system
-- [T cardiowascular system
|_:_|E'; nervous system
EI@ central nervous system
L——_IE;J future brain
Bl = future forebrain
ElE;.' diencephalon
EE: ard wentricle
El & diencephalic part of interventricular foramen
El &4 optic recess
B- & floor plate
EE: gland
E@ pituitary
Bl infundibular recess of 3rd ventricle
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Phenotypes and Diseases

Phenotype Ontology .
B 6 Anatormy Mammalian Mutant Phenotype: A

B @ Abnotmal Trunkf Bady Shape controlled, defined vocabulary of

© Abnormal Body Height . . . .
@ Apnormal Bady Length anatomical, behavioral and physiological

E 6 Abnormal Body Weight traits used to describe mouse mutant

€ Decreased Body Weight phenotypes.
© Increased Body Weight

0 Ohese
 Waight Lnss\
0 Barrel Chest
© Bulging abdaomen
0 Enlarged Chest
0 Enlarged Head
0 Increased Body Size
© Reduced Body Size
© Short Stature

© Behavior
B Physiology




Mammalian Phenotype Ontology
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€Y cell abnormalities
E € abnomal cell content’ merpho
€Y abrormal hepatoeyte cell
El €% abnormal lysosome
€ accumulation of giant
€ lysosomal pratein accu
€Y abnormal mast cell marpho
€ abnormal melanosome
€ abnomal cell death
€ abnommal cell differentiation
ﬂ abnormal cell number

Ma zearch peformed

I MP-0005060 | DAGViewer
~Term name Fhenotype Ontolagy
accumulation of giant lysesemes in kidneywfrenal tubule E B © Morphology
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Y gromthAneighttbody size abnormali
€ hemolymphoid system abnormalitie
Y hepatic system abnormalities

€ muscle abnommalities
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[Cea ] 00

—izenearal DbXrefs
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ﬂ obsalete edit it, or press add to create a

€Y other aberant phenotype news dbref D ! G Edot T 1
€Y respiratory swstem abnommalities - - - l OO

€Y olfactory system abnormalities
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El €% respiratory systemn: dysmorpholo
€Y lanyn abnormaalities

El €% lung abnormalities E
€ abnomal alveoli

B abnomal blood-air barg
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Vocabulary Implementation in MGI

/ Vocabulary \ @

DAGs Terms

Ligand binding

Ahr
IEA J:60000 [—
Protein binding 74— IDA J:62648 7

. enes

DNA binding |1 TAS J:65378 G n

Transcription factor / Edr2
Annhotations /
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Mouse Genome Informatics|

MGI Home  Help

-')

GO term:
GO id:

Number of paths
to term:

Search for

[

in these sections

All sections
Gene symbolsinames
Accession IDs
Phenotypes

Gene Expression

Advanced search fo

Search Categorie
All Search Tools
Genes/Markers

Alleles/Fhenotypes

Strains/Polymorphism
Expression
Comparative Maps/Da
Mouse Maps/Data
Mouse Tumor Biology

Prohes/Clone:

calcium ion sensing

GO:0005513

Gene Ontology Browser

Term Detail

- 9 Adult Mouse Anatomy
' Term Detail
MG | MA term: brain meninges
g MA MA:0000813
MGE Home  Help || Number of paths
to term:
[ % % | @ denotes an 'is-a’ relationship
| | | @ denotes a 'part-of relationship
|in these sections f |
All sections g -

|| Gene symbols/ma|

|| Accession [Ds
|| Phenotypes
Gene Expression

Advanced search

Search Categor
All Search Tools
Genes/Markers
Alleles/Phenctypes
Strains/Polymorphisi
Expression
Comparative Maps/[]
Mouse Maps/Data
Mouse Tumor Biolog
Probes/(Clones
References

Vocabulary Browserd

Mouse Genome Informatics|

MGI Home  Help

;Search for o

lin these sections

All sections @

| Gene symbolsinames
| Accession IDs
|| Phenotypes

|| Gene Expression ¥

|
|

[ Advanced search far...

Search Categories
All Search Tools
Genes/Markers
Alleles/Phenctypes
Strains/Polymorphisms
Expression
Comparative Maps/Data
Mouse Maps/Data

Mouse Tumor Biology
Probes/Clones

References

Vocabulary Browsers
Gene Ontology (GO
Anatomical Dictionary

| Number of paths to term: 1

(@ denotes an 'is-a' relationship

| @ denotes a 'part-of relationship

9 Mammalian Phenotype Browser
; Term Detail

| MP term: brain structure abnormalities

. Synonym: abnormal brain structure

- MP id: MP:0000775

. Definition: malformation of the brain

I Phenotype Ontology

aMomhology
Tmervous system abnormalities

@eentral nervous system abnormalities

@gentral nervous system: brain dysmorphology

@brain cell abnormalities +

@brain development abnormalities +

@brain size abnormality +

@hrain structure abnormalites [MP:0000775]

@Wabnormal choroid or ventricle +

Dabnormal commissure
Dabnormal corpus callosum +

Uabnormal forebrain +
@abnormal hindbrain +
@abnormal infedor colliculus +
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Summary

i Ontologies support semantic integration for
functional genomics and promote broader access to
knowledge

i The Gene Ontology project precipitated a
generalized implementation for ontologies for
molecular biology

I Bio-ontologies and other annotation standards
facilitate development 6f18gic inference systems *
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