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Gene Ontology (GO) Tutorial

In this tutorial you will:

- visit the Gene Ontology (GO) site and see the principal components available to
GO users;

- visit Mouse Genome Informatics (MGI) and explore the GO-related aspects of
MGI;

- visit several other model organism sites and see how these show GO information;

. try some GO tools that extend the use of the GO from an annotation resource to a
research/analysis tool.

Visiting the Gene Ontology (GO) site.
Go to the GO site: www.geneontology.org

& GENE ONTOLOGY™ CONSORTIUM
L — What fs the Gese Onfofogy? Downfoad fhe Ontologies
V= -
Elpen all_menus
Site map

Harie | Mew | EAL The goal af the Gena Ontoloogy ™ (G0 Consarfium is to produce a controlled
e
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Blappings to GO availahle
Archives + Send comments and questions toc goiEgansordology org
Temng of =g
Cordact GO Search Terms and Annotations | E
Repod Errars

Thiz sasch usas the AmiG broveser. You can also usa one of the many other GO
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The table of contents on the left contains links to three objects of particular interest here:
«  Current Ontologies
+  Current Annotations
«  Documentation.

NOTE: It is important to distinguish the ontologies (developed as organism-independent
structured vocabularies) from the annotations (organism-specific and describing gene
product molecular function, biological process and cellular component using the GO). In

some sense, the GO provides the tree on which biologists can hang their organism’s gene
products.
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Exploring the ontologies that you can use.
The Current Ontologies are available at:
http://www.geneontology.org/doc/index.shtml#downloads

Download the Ontologies

The three organizing principles of GO are molecular function, biological process and cellular component Links ta the
mosd up to date versions of the TEXT are provided below, adjacant to the descrptions of the scope of sach ontolagy.
Defintions of the larms wathin all three of 1he oatolegies are conlained in 2 single definlions file, aailable a5 a lext fle
balowe, ARAL farmatled varsons, containing all three omalagy fles and all available delinbons, are also available. On the fesl
of each manth, The cusrent onfology Nl files and ¥MIL farmat are saved 1o archives; the bnks are balow, For more
inforration, see the genersl documentation. All of these files can alzo be downloaded from our anonymaous FTP site

The yene ontologles in -~ Molecular Function tex file 7045 terms a5 of September 16, 2007)

flatfile format Biological Process text file (7753 terns as of Septembar 16, 2003)
Callular Component text file (1335 terms as of Seplember 16, 2003)
T it uifi
XML format On a monthly basis, XL Format Files are genersted. Twao files are available, one with gane

sssociations and one withoui. Spacific information on the file conterds ara swailabla from
lha download page

GO Database AP documentation, scharns disgrarms and full descrptions of all tables for the mySGL
database developed and maintained by BOGP.

You can download the three gene ontologies (Molecular Function; Biological Process,
Cellular Component) in different formats (flatfile text; XML; mySQL database) but
all formats contain the same information. Note that some of the content may vary slightly
since these files are frequently updated by different sources but not on the same
schedules.

Try looking at the flatfile text version of the cellular component ontology, since it is the
smallest (1335 terms as of September 16, 2003):
http://www.geneontology.org/ontology/component.ontology

Note the format:

lautogenerated-by: DAG-Edit version 1.320
!'saved-by: gwg
!date: Fri Oct 17 12:41:10 BST 2003

!version: $Revision: 2.402 $
'type: $ ISA Is a
ltype: < PARTOF Part of
$Gene Ontology ; G0O:0003673
<cellular component ; GO:0005575
scell ; GO:0005623
<bud ; GO:0005933

After some version information, there is an indication that
«  “%” represents the “ISA” relationship of a child node to parent node and
.« “<”represents the “PART OF” relationship.

The ontology proper begins with the root node “$Gene Ontology” with GO id
G0:0003673. Then observe that “cellular component” with GO id number GO:0005575
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is PARTOF “Gene_Ontology” and that “cell” with GO id number GO:0005623 ISA
cellular component. “bud” is PART OF “cell” and so on.

Using the AmiGO Browser to observe the same ontology structure.
Another tool to explore the structure of the GO is the GO Browser, for example, AmiGO:
http://www.godatabase.org/cgi-bin/go.cgi

/i\, Search GO: | I Eacact Match Submit || Dlteewe:
‘_{E\JJ__E N Advanced Query

% Terms { Gene Products FlyBase

GOst Search SGD ;j E]

Top Does Gene Ontology GO Links GO Sunumary

[EIG0:0003673 : Gene_Oniology (103367) &
® (00002150 : binlogical process (63451)
E® GO:0005575 : cellular_component (54945) &
El@ GO:0005623 : cell (44343) &
® G00030424 - axon (36)
[ ® (00005933 - bud (155)
() GO:0000267 - cell fraction {1316)

FE1 @ ML NNNNNSE - Anl] anadhan £51%

AmiGO is an HTML-based browser, which you can use to browse and search both the
gene ontologies and the gene associations (annotations, see below). Each GO term gets
one horizontal line. The first thing on each line can be:

+, which shows that the node can be expanded to show all children of the selected

node

-, which can be used to collapse the node hiding its children

- (dot) icon, which shows that the node has no children.
The next thing on each line can be either a

@ which represents the PARTOF relationship

@ which represents the ISA relationship.

In the screenshot presented here, you see the same information as in the flatfile format
that you looked at first, with “bud” a part of “cell” which is a “cellular component.”
Following each term is a number in parentheses. This tells the total number of gene
products (in the associated database) that have been annotated to this GO term or to its
descendants, the more specific terms below this in the GO tree.

Similarly, MGI has a GO browser:
http://www.informatics.jax.org/searches/GO_form.shtml

that you can use to explore the GO and observe the current number of MGI annotations
to various GO terms. Click the “?” icon at the top of the browser page for additional
documentation Using The Gene Ontology (GO) Browser.
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ane and any

—

in these sections @ denotes an 'is-a' relationship

@ denotes a 'part-of relationship

9 Gene Ontology Browser
Term Detail
GO termn: cell
- GO id G0:0005623
MGl Hom Help Definttion: The hasic structural and functional unit of all or Includes the pl b
external encapsulating structures such as the cell wall and cell envelope.
Search for 2| || Humber of paths
to tert 1

Gene_Ontology
@celular component
@eell [GO0005623] (7814 genes, 14935 annatations)
@hud +
@cell fraction +

Fhenotypes
Gene Expression

IAdvanced search for.. 'I

We will do more with GO browsers later in the tutorial.
Exploring the annotations that you can use.

The Current Annotations are available at:
http://www.geneontology.org/doc/GO.current.annotations.shtml

Current Annotations

Open all menus

What are IEA Codes? | Wiew the Terms and Annatations

Site map

Home | New | FAQ This table shows the number of gene products that have been annotated to the gene ontologies by each collaborating group. A gene product

e can have one or rore molecular functions, be used in one or maore biological processes and may be associated with one or mare cellular
ownloads

components. Tab-delimited files of the associations between gene products and GO terms made by the member organizations are available
from the FTP site or from the links in this table. The file format is described in the Annotation Guide. Any errars or omissions in annotations
should be reparted by writing to the GO mailing list: go@geneontology. ok

Hotes:
1) " links uzually spen the file as 2 window in your browser; "Downlaad links should download the file to youll\tistha zame file in sither case

Current Ontologies
.. Current Annotations
.. GO Database

oo 2)Forthe Compugen and 60 Annctations at EBI files, please also see the appropriate README file

GO Tools
MWappings to GO Biological Molecular Cellular Total TAB Delimited
Process Function Component TotalGene | oo o ces File of
Archives Products Included Associations
Al codes ":n"ﬂ'% All codes n;:;:f: Al codes “'?n“ﬂ'lfsn Associated | o iience & Last
About GO Hpdate
Terms of Use
Contact GO 36D Download
Report E
Leport Errors Sscchatamyces corevisise B446  B44B B434 6434 B435  B435 B448 4418 ov\g‘gwm
Search FlyBase Download
T ARnAatiore Drosoohie melno e | 4489 28| 6795 Ges| 3942 3318 7998 5973 i
Go P &) w2 am
MGI Dowinload
s muscutin | 9594 5776| 10523 esa2|  oe9t 7Aoo 12654 3437 ¥
Search Site D‘m“llamd
owinloa
GO Arabidonsis th TA'R G727 1983| 7788 se54| 13546 1894 18485 2103 View
rabidopsis thaliana e
WormBase iz roes £Es o ance mon cone ape|  Download
| Internet

The current annotations for many organisms are available here that you can use in
conjunction with the ontologies. Notice that the total number of gene products associated
varies significantly from organism to organism (column indicated by vertical arrow).

Why do you think this is the case?
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For example, SGD Saccharomyces cerevisiae (yeast) shows 6448; MGI Mus musculus
(mouse) shows 12694; ZFIN Danio rerio (zebrafish) shows only 983. These differences
reflect both the differences in the number of genes in each organism and the state of
annotation for that organism. The yeast genome has been essentially completely
annotated to GO; the mouse genome is very well annotated for some 12,000 of its
approximately 30,000 genes; the GO annotation work on the zebrafish is in its beginning
stages.

Click to view (horizontal arrow) the MGI mouse annotations. This is a large file that
takes a long time to download. You can stop the download after a few seconds in order
and see only the beginning of the file.

!software wersion: $Rewision: 1.130 ¢

'date: 10/1&/2003 §

!

! from Mouse Genome Database (MGD) & Gene Expression Database (GHD)

!

MGT MGI: 1315562 0&10005A07Rik GO:001l&740 MCI:MGI: 2429377 Iss SPTR: POS00S F _
MGT MGI: 1315562 0&10005A07Rik GO:0004364 MCI:MGI: 2429377 Iss SPTR: POS00S F

HGT MGI: 1315562 0610005407 ik GO:0005303 MGI:MGI: 2429377 Izs SPTR:FOS002 P

MGT MGI:1518314 0&10006F0ZRik GO:0003168 MGI:MGI: 2429377 Iss INTERPRO: IPROOLGOLF

HGT MGI:1918914 0&10006FO0ZRik GO:0008757 MCI:MGI: 24259377 I=s INTERPRO: IPROOOOELF

MGT MGI:1318320 0&10006H10Rik GO:0016787 MCI:MGI: 1354134 IEL F RIKEN «
MGT MGI:1314026 0&10006I08Rik GO:00160Z21 MCI:MGI:Z429377 TAS C RIKEN «
MGT MGI: 1923502 0&10006014Rik GO:001l60Z1 MGI:MGI: 2429377 TAS C RIKEN «
MGT MGI: 1515462 0&10007HO7Rik GO:001l60Z21 MGI:MGI:1354194 IEL C RIKEN «
M:T MGI: 1915462 0&10007HO7Rik GO:001l60Z1 MCI:MGI: 2429377 TAS C RIKEN «
MET MET-191891N0 NARITANN?TARRY 1 mN-NNNsARTE MET-MET- 7479377 Tas I RTEREM ¢

Shown here is a part of the MGI annotations file. The first line shows that the gene
product of the gene with MGI accession number MGI: 1915562 is annotated to the
molecular function ontology (F) term with GO id GO:0016740.

This GO id corresponds to the GO term “transferase activity.” You will not see the term
itself here but you can find it on the MGI GO browser page
http://www.informatics.jax.org/searches/GO_form.shtml

if you enter the GO id or you can find it using the search tool on the main MGI page
http://www.informatics.jax.org/ if you enter the GO id and select accession Ids from the
list.

Exploring the documentation that you can use.
An introduction to Gene Ontology: http://www.geneontology.org/doc/GO.doc.html is a
good place to start in the Gene Ontology Documentation.
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6o An introduction to Gene Ontology

Cien all menus ‘What does the Gene Ontology Consortium do? | What GO is NOT | The ontalogies | Gene products | Molecular function | Biological
ﬁloteT;”Iaﬁlewl EAQ pracess | Cellular component | What do the ontologies look like? | Annatation and tools | File formats | Beyond GO | Cross-
‘i S ot products | Mappings to other classification systems | Contributing to GO | ]
Downloads A
et onnges  d0€8 the Gene Ontology Consortium do?
Current Annotations
GO Database Biologists currently waste a lot of time and effort in searching for all of the available information about each small area of research. This is
hampered further by the wide variations in terminology that may be common usage at any given time, and that inhibit effective searching by
Docurnentation cormputers as well as people. For example, if you were searching for new targets for antibiotics, you might want to find all the gene products
EAQ that are involved in bacterial protein synthesis, and that have significantly different sequences or structures from those in humans. But if one
Introduction database describes these molecules as being involved in translation’, whereas another uses the phrase protein synthesis', it will be difficult

Editorial Style Guide for you — and even harder for & computer — to find functionally equivalent terms.
File Format Guide

Q‘MIM The Gene Ontology (GO) project is a collaborative effort to address the need for consistent descriptions of gene products in different
Annotation Guide databases. The project began as a collaboration between three model organism databases: ElyBase (Drosophila) the Saccharomyces
Evidence Codes Genome Database (SG0) and the Mouse Genome Database (MGD) in 1998, Since then, the GO Consaortiurm has grown to include many
GNU CVE manual databases, including several of the world's major repositaries for plant, anirmal and ricrobial genomes. See the GO web page for a full list of
. . Modifying GO mermber organizations
GO Tools
IMappings to GO The GO collabarators are developing three structured, controlled vocabularies (ontologies) that describe gene products in terms of their
g agsociated biological processes, cellular corpaonents and molecular functions in a species-independent manner. There ate three separate
Archives aspects to this effort: first, we write and mairntain the ontologies themselves; second, we rake associations between the ontologies and the

An important aspect of the GO is that the GO Consortium has grown to include many
databases, including several of the world's major repositories for plant, animal and
microbial genomes: http://www.geneontology.org/doc/GO.consortiumlist.html

You will find more documentation on the use of the GO at many of those sites.
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N ﬂ g, Gene Detail Your Input Welcome!
MG symbol Pax6
Name paired box gene 6 )
a MGl Home Help 1D MGIL:97490 Nomenclature History

Synonyms 1500038E17Rik, Dey, Dickic's small eye, Pax-6, Sey, small eye
Search for ? Map position Chromosome 2
58.0 c!

7! eta e M + 1 cM
in these sections Detailed Map £ LeM

Each Gene Detail page has a section that provides a - Napping don2)
Accession IDs human; rat (Mammalian Orthology)

brief summary of the GO annotation for a particular & S e

gene' GO to the MGI home page (Advances search for- [ 2] Il\\ll;:::xt;.;c;;c]cs@] Targeted(4) Spontaneous(2) Chemically induced(13) Other(5)
. . . earch Calsgories Phenotypic classifications(63) Mouse Locus Catalog

(www.informatics.jax.org ) and search on the gene S T fams AIG)PCR) RFLY)

"Pax6". The Gene Detail page is seen in the figure on

Gene Ontology Process
the right. The arrow points to the GO section. This

Component
classifications . ion

gene product has multiple annotations in each of the Wi
three ontologies. There are actually 19 annotations lecnchiochenisty 45 i

MouseBLAST GXD literature index(211) cDNA source data(21)

for this gene. Clicking on the "19" brings up a Adclionsl Resources | Oerdatabase pars

inks | UniGene

348, DT.97362511

3608
ENSMUSG00000027168

summary page for the annotations (Gene Ontology s TGR - TChlGoR TCRI08, TCESHADS TCHSAS04 TCO00I02
u fornation LocusLink 18508

ClaSSIﬁcatlonS) . g Protein | nterPro ID Description
domains | 1pp 01356 Homeobox
IPR007104 Paired-like homeobox

IPRO01523 Paired box protein, N-terminal

d
comments to User Support

The
EaCh annotation lists the Ontology (Biological %KE:&}E;E:L\ Mr::egc!l:‘!:’r All nucleic(54) Genomio(10) cDNA(31) Primer pair(3) Other(10) Antibodies(9)

10/17/2003
90):

Process9 Cellular Component, or Molecular o (Latest) 185727 Louvi A, ™" Development 2003;1300:5319-5330
. . Allreferences(333)
Functlon), GO term (hyperhnked to the GO brOWSGr), Other MGD-MRK-13149, MGD-MRK-13158, MGD-MRK-14366, MGD-MRK-8831, MG1:2442292

References (Earliest) )1 Roberts RC, "Small-eyes, a new dominant mutant in the mouse.” Genet Res
1967; 2

evidence code, an optional "inferred from" field, and a——
reference. There is a table at the bottom that indicates what the evidence codes stand for. The

"inferred from" field is filled in for IMP, IGI, ISS, and IPI 2 Gene Ontology Classifications
evidence codes. smbolPax6
c?ﬁjlwwo Classification Term Evidence | Inferred From | Ref(s)
* For IMP and IGI codes, the field contains an MGI accession || jreeciiees e i £ !
number for another gene (IGI) or a mutant allele (IMP). In e oo (e e = !
the latter case, this is hyperlinked to the mutant allele). Dlcogil s o menbose ol s 1
Biological Process eye morpho  Mammalia) MP MGIL:1939347 |1
Bisogeal Procos _ memeghros e ;
*  When the evidence is an ISS, the "inferred from" field e
contains a Genbank or SwissProt accession number; if IPI, By oo ‘T LT [ —
the field contains a SwissProt accession number. Biogtron | mmeni A :
Cellular Component | nucleus IEA 1
In some instances, there are multiple annotations using the same term. T T — D )
That is because the evidence for these annotations is different; they are || vt oo s i i
displayed individually (e.g., DNA binding or eye morphogenesis). Gene Ontology Exidence Code Abbreviatons:
Some annotations have more than one reference (e.g. brain DiE s
development). This means that there are two references that use SImilar || i e som s moion
evidence for the annotation. To recap; Each complete annotation links || e rom s menion
a gene product to a GO term with a statement of evidence and a ?E;v:gfgmlfum;wwm i
citation.
? asterances s Clicking the number in the reference
T E—— column brings up the reference list for the
Other Accesion ID: annotation. Clicking on a link in that
; 2184318 MEDLINE) window brings up a reference detail page
T Diict ot of B, B, Pt i ot i sposiction o et s dvelopig oo displaying the reference, abstract, and

additional information.

Date: 2002 Sep 1
Year: 2002
Pages: 7627-38
Review Status: Peer Reviewed 9 References

Query Results — Summary

Abstract: 2 matching items displayed

The mammalian neocortex is organized into subdivisions referred to as areas that are distinguished from one another by differences in architecture,

axonal connections, and function. The transcription factors EMX1, EMX2, and PAX6 have been proposed to regulate arealization. Emx1 and Emx2 ar 1:78745. Bishop KM: Rubenstein JL: O'Leary DD, Distinct actions of Emx1. Emx2, and Pax6 in regulating the specification of areas in
expressed by progenitor cells in a low rostrolateral to high caudomedial gradient across the embryonic neocortex, and Pax6 is expressed in a high the developing neocortex...} Neurosci 2002 Sep 1:22(17):7627-38

rostrolateral to low caudomedial gradient. Recent evidence has suggested that EMX2 and PAX6 have a role in the genetic regulation of arealization 4_

Here we use a panel of seven genes (Cad6, Cad8, 1d2, RZRbeta, p75, EphA7, and ephrin-AS5) representative of a broad range of proteins as 1:54722, Engelkamp D: Rashbass P: Seawright A: van Heyningen V.. Role of Pax6 in development of the cerebellar system,
complementary markers of positional identity to obtain a more thorough assessment of the suggested roles for EMX2 and PAXG6 in arealization, and in Development 1999 Aug:126(16):3585-06

addition to assess the proposed but untested role for EMX1 in arealization. Orderly changes in the size and positioning of domains of marker expression
in Emx2 and Pax6 mutants strongly imply that rostrolateral areas (motor and somatosensory) are expanded, whereas caudomedial areas (visual) are

reduced in Emx2 mutants and that opposite effects occur in Pax6 mutants, consistent with their opposing gradients of expression. In contrast, patterns of
marker expression, as well as the distribution of area-specific thalamocortical projections, appear normal in Emx1 mutants, indicating that they do not
exhibit changes in arcalization. This lack of a defined role for EMX1 in arealization s supported by our finding of similar shifts in patterns of marker
expression in Emx1; Emx2 double mutants as in Emx2 mutants. Thus, our finding that EMX2 and PAXG regulate, in opposing manners,
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Number of paths to term: 1

denotes an 'is-a' relationship

Clicking on the term "eye morphogenesis" brings up the MGI GO = g soweor eiioniy

Browser which displays the GO term with it's GO_ID and definition, Gene Ot
number of paths to the term (in this case 1), along with a view of its

placement within the GO Process Ontology. The number

MGTI annotated to it or its children is also indicated. (remember. The
green "I" means that the term is a type its parent, a red "P" means
that the term is a part of the process described by its parent term. )

al_pr

of genes in

9 Gene Ontology Browser
- Term Detail

GO term: eye morphogenesis

GO id: GO:0001654

Definition: Formation and development of the eye, the organ of sight.

Clicking on the "14 genes..." brings up a list of all of ? B e e ¥
. . 15 matching items displayed

the genes in MGI annotated to this term. Here we see e

the 15 annotations (note Pax6 is annotated twice). . s PE=E— ——

Some of the genes are annotated to the actual term "eye [T s T -

morphogenesis", whereas some, such as Gabrr2 or ey T -

Rpgr) are annotated to a child of "eye morphogenesis. T — -
e — ; -
Pax6, paired box gene 6 r MP } 4
Rpgr, retinitis pigmentosa GTPase regulator eye ph or cell developmer MP 1
Rpgripl, retinitis pigmentosa GTPase regulator interacting protein 1~ P eve photoreceptor cell development MP 1
Shh, sonic hedgehog P eye morphogenesis DA 1
Six3, sine oculis-related homeobox 3 homolog (Drosophila) P eye morphogenesis DA 1
T'm4sf9, transmembrane 4 superfamily member 9 P mystery cell fate diffe (sensu Drosophila) 1SS ) 1
Wil, Wilms tumor homolog P eye morphogenesis ™mpP 1

Now, suppose you would like to know what genes in other P — RGO Yo e T Gene OFear

| ) . < > [ & 1 & J{ + | @ hp://www.godatabase.org/cgi-bin/go.cgi -GN
organisms have been found to have something to do with T o e o R AnIGO. G0 reprtpubmed_tacutnk_Mossekaboomt |
"eye morphogeneSiS"' Search GO:  eye morphogenesis () Exact Match (submit) Datasource:
ATNIG © Tems O Gene Products Adanced QU fygase (0
: . Top Docs Gene Ontology GO Links GO Summary - G
To do this, the best place to start might be at the GO AT  Cone Cotaog (00547}
. . . GO:0008150 : biological process (68451)

database itself, using the Amigo Browser. 00005773 callar conpotent 4040

http://www.godatabase.org

The Amigo browser uses the gene-association files

contributed by the member databases to enable searches

across multiple species. Type in "eye morphogenesis" into

the "Search GO:" box and hit return.

The browser returns a page that lists a number of terms with the phrase "eye morphogenesis" in it.

Search GO: eve morphogenesis Exact Match ( submit) Datasource:
é\‘ﬁm © Tems O Gene Products Advanced Oy rypase O

Top Docs Gene Ontology GO Links GO Summary

GO Term Name:

Definition:

compound eye sensu Drosophila)

ow|The

gos of eye

that are involved in forming the adult eye, a precise assem

embryonic eye

The stages of eye

that take place in the embryo phase, and that are involved

embryonic eye (sensu D: la)

The stages of eye

in Drosophila that take place in the embryo phase and that

eye

rmation and

of the eye, the organ of sight

eye (sensu Drosophila) Formation and of the eye of Drosophila, the organ of sight in the fly
eye (sensu Mammalia) The formation and development of the mammalian eye

bryonic eye icw |Post-embry of the eye, which is the organ of sight.

b eye (sensu Drosophila)[Tree View |Post-embryoni of the ey of Drosophila, the organ of sight in the fly

Check/Uncheck All ) | Draw New Tree 1) ( Submit
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If we click on the term "eye morphogenesis" we get a
long page composed of several sections. The first
section (1) details the GO term, it's definition and its
parents. There is a section that allows one to filter the
annotations according to the database of origin, as
well as by the evidence type (2). This section is then
followed by a list of the annotations to the term (eye
morphogenesis) and its children (3). A small section
is shown.

We see that there are several entries from MGI as
well as SwissProt/TrEmbl. Note that the entries for
Pax6 from MGI look a bit different in several

Accession:GO:0001654

[JTerm Lineage
G0:0003673 : Gene Ontology (103367

GOst Search
ATIEP) St e
eye morphogenesis

Synonyms:
GO:0042460

Definition:

Formation and development of the eye, the organ of sight.
Graph view.
GO:0008150 : biological process (68451)
© G0:0007275 ; development (8790)
0 653 : morphogenesis (4383)

i (iO.(K);JGH87 organogenesis (3590]
b G hogenesis (3

CJAssociated Genes Gene Filters: Filter by database:
Al 1
0

"
FlyBase
sco

MGl s
Filter by Evidence for Association:
Curator Approved <
Inferred from Mutant Phenotype  (I)
Inferred from Genetic Interaction

Inferred from Physical Interaction +

Page 1

( Filter Associated Cenes )

respects.

1. The Amigo browser does not display annotations
with IEA evidence codes.

2. When there are multiple annotations with the same
evidence code, only one is displayed (check the link
for Pax6 using the IMP evidence code; only one of
the two papers is displayed).

3. Instead of "inferred from", a "with" qualifier is
used, but the display of associated content of the field
is not yet implemented.

Clicking on a Gene Symbol brings up a summary

page with all of the GO terms annotated to the gene
or protein. Again, note the differences between
this display and the GO summary page from MGI
(for example, evidence code displayed but not the

GO Term:
Gene Symbol: Datasource:
GO:0001654 : eye morphogenesis

Full name:

citations). \
Going back to the gene list, clicking on the
database link in an annotation line (such as "MGI"
in Pax6) brings you to the database's detail page for
that entry (see beginning of this section). If one
clicks on the evidence code instead of the gene
symbol, one is taken directly to an MGI page
displaying the reference, abstract, and additional
information.

' NDF4 MOQUSE > SPTr mp Neurogenic differentiation factor 4
O WT SPTs M Wilms' tamor protcin homolog
O BMRB SPTr MP Bone morphogenetic protein receptor type IB precursor
O ME MO E ¢ SPTr IGI Homeobox protein Meis2
. NDF1 MOUSE “> SPIr P Neurogenic differentiation factor 1
O SHH MO SPTr DA Sonic hedgehog protein precursor
 SIX3 MOUSE ©% SPTr IDA Homeobox protein SIX3
O Q8C765 SPIr IDA Sonic hedgehog homolog 3
' QBSCEIS SPIr 1G1 Paired box gene 6
£ QS8CEI? SPTr P Neurogenic differentiation 1
) Q8VBX9 SPIr 1GI1 Pax6 paired-less isoform
C Q8VBY9 SPTr 1G1 Paired box protein
) Q8VBZI1 SPTr IGI Pax6 protein
0 Q921Q8°% SPTr 1GI Unknown
O EXE3 MOUSE “% SPTr mp Forkhead box protein E3
) Bld MGI TAS blind
O Bmprlb© MGI MP bone morphogenetic protein receptor, type 1B
8 PFoxe3 MGI MP - With forkhead box E3
0 Mgl e MGI jith myeloid ecotropic viral integration site-related gene 1
O Neurod] €5 MGI neurogenic differentiation 1
) Neurod4 MGI [ - neurogenic differentiation 4
O Pax MGI i1 - paired box gene 6
O Paxé MGI MP - Wi paired box gene &
O Shheos MGI y sonic hedgehog
0 Six3% MGI A sine oculis-related homeobox 3 h(»mlllu]! (Dr()xuphllul
0 Wi e MGI ) - Wi Wilms tumor homolog
GO:0001744 : optic placode formation (sens: rosopt
O ena FlyBase A eya
O so FlyBase P S0
ATNE®) wiss

Gene Product: Pax6

Full Name: paired box gene 6
Synonyms: None
Data Source: MG

Associated To Terms:
Association Evidence

Term Name Sequence Similarities

GO:0007435 : salivary gland morphogenesis
GO:0003700 : transcription factor activity
GO:0005667  transcription factor complex

Traceable Author Statement
Traceable Author Statement

£G0:0009952 ; anterior/posterior pattern formation Inferred from Mutant Phenotype 1856155
£G0:0007420 ; brain development Inferred from Mutant Phenotype 1856155
£G0:0007420 ; brain development Inferred from Mutant Phenotype 1856155
0GO:0001709 : cell fate determination Inferred from Mutant Phenotype 1939347
G0:0003677 : DNA binding Inferred from Direct Assay
GO:0001654 - eye morphogenesis Inferred from Genetic Interaction 108564
©/GO:0001654 : eye morphogenesis Inferred from Mutant Phenotype 1934348
DGO:0001747 : eye (sensu Mammalia) Inferred from Mutant Phenotype 1939347
e Inferred from Mutant Phenotype
£1G0:0001656 : metanephros development ¥
Inferred from Direct Assay
C1GO:0005634 : nucleus Y =
5 Inferred from Mutant Phenotype 1856155
£1G0:0030334 : regulation of cell migration e iy S
GO:0006355 : regulation of transcription. DNA-dependent Tiossbis Astink Faeount
— QL6 - resulation.of transcriphion, X A-dependent Inferred from Mutant Phenotype 1856158

No peptide sequence available
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GO Term:

Amigo draws on the gene association files of some 13 oMol e

databases encompassing animals, plants, and various SSHe MO DA s oruandbomsobon homsos Drverbit
GO:0007456 : eye hy s (sensu [ hil

bacteria. Let's shorten the list by filtering the list S Mae DA
(section 2). Select Fly, and MGI from the database i) Cuvmnaves ) (550
dropdown (using either Ctrl-click (Windows) or
Command-click (Mac), and select only those annotations coming from direct assays
(IDA), and click on the "filter.." button. Amigo shows that only three entries satisfy this

query: two genes from MGI, and one from Flybase.

The GO BLAST SERVER:

The Amigo browser can also fetch sequences for those gene products whose =y
databases have supplied appropriate SwissProt ID links to the gene products L 1 :E gt
annotated. The product symbols that have a “GOst” icon next to them have '
sequence information associated with them. If —
you select these, there is an option at the bottom | Awed®®) I8l e
of the page to collect the selected sequences ina |G st Results:

Fasta output. Also, clicking on the GOst icon for
a single entry gives a Fasta output screen. A

Simultaneously, a Blast query is run against the [t

QRCKDKLNALAISVMNQWPGVKLRVTEGWDEDGHHSEESLHYEGRAVDIT

database tO ﬁnd Similar sequences. Clicking on TSDRDRSKYGMLARLAVEAGFDWVYYESKAHIHCSVKAENSVAAKSGGCF

PGSATVHLEQGGTKLVKDLRPGDRVLAADDQGRLLYSDFLTFLDRDEGAK
KVFYVIETLEPRERLLLTAAHLLFVAPHNDSGPTPGPSALFASRVRPGQR

the “retrleve yOurJOb” link brlngs up a page that VYVVAERGGDRRLLPARVHSVTLREEEAGAYAPLTAHGT ILINRVLASCY
. : AEPTACTENYSQLIYRIGTNLLSETMLGIAKES.

displays the query sequence again, and a table .

containing gene products that are closely similar

to the query sequence and their complete GO

annotations. The page also has a standard Blast

output with alignments.

Your query sequence:

Results:
Your job has been submitted to AmiGO. Your results should be ready shortly

Retrieye your job.

High Scoring Gene Products: /
>SPTR|Q15465 SPTR:Q15465 symbol:SHH_HUMAN "Sonic hedgehog protein precursor”
. il : N cenpiati s . SPTR:Q15465 MEROPS:C46.002 InterPro:IPR000320 InterPro:IPR001767
Gene Product: |D“m““'°“']As“’°‘“wdT°Tem's' | |A7”"M"d‘m InterPro:IPR0035B6 InterPro:IPRO03587 InterPro:IPR002203
— — = < InterPro:IPR001657 Pfam:PF01079 Pfam:PF01085 PRINTS:PRO0632
Check/uncheck All) | Get Detailed View %) ((Submit. ProDom:PD003042 SMART:SMO00305 SMART:SM00306 PROSITE:PS50817
- - - HSSP:062226 EMBL:L38518 EMBL:AC002484 Genew:HGNC:10848 MIM:600725
() Shh ¢ MGI axon guidance Tree View | Inferred from Direct Assay MIM:142945
axon guidance Tree View | Inferred from Mutant Phenotype Length = 462
cell fate specification Tree View | Inferred from Mutant Phenotype
central nervous system development View | Inferred from Mutant Phenotype Score = 1867 (662.3 bits), Expect = 6.3e-194, P = 6.3e-194

Identities = 366/399 (91%), Posit = 371/399 (92%
Traceable Author Statement sntities (91%), Positives (92%)

Inferred from Direct Assay Query: 2 LLLLARCFLVILASSLLVCPGLACGPGRGFGKRRHPKKLTPLAYKQFIPNVAEKTLGASG 61

extracellular sp
eye morphogenesis

eye h (sensu ia) Inferred from Mutant Phenotype +LLLARC L++L SSLLVC GLACGPGRGFGKRRHPKKLTPLAYKQFIPNVAEKTLGASG
male genital morphogenesis Inferred from Mutant Phenotype sbjct: 1 MLLLARCLLLVLVSSLLVCSGLACGPGRGFGKRRHPKKLTPLAYKQFIPNVAEKTLGASG 60
pattern specification ew | Inferred from Mutant Phenotype B
solatio o el TPios Vi | Tubennd Sosis ook Adsi Query: 62 RYEGKITRNSERFKELTPNYNPDIIFKDEENTGADRLMTQRCKDKLNALAISVMNQWPGY 121
regulation ol cell prohileration ee View CY ASsay RYEGKI+RNSERFKELTPNYNPDIIFKDEENTGADRLMTQRCKDKLNALAISVMNQWPGV
signal transduction Tree View | Traceable Author Statement Sbict: 61 RYEGKI KELTPNYNPDIIFKDEENTGADRL! NALAISVMNQWEGV 120
JSHH HUMAN % | SPTr mesoderm cell fate determination Tree View | Traceable Author Statement Query: 122 KIR EGRAVDIT RLAVEAGFDWVYYESKAH 181
ventral midline ds Tree View | Traceable Author Statement KLRVT EGRAVDITTSDRDRSK ARLAVEAGFDWVYYESKAH
= Sbjct: 121 KLR HYEGRAVDIT ARLAVEAGFDWVYYESKAH 180
O IHH HUMAN ©% | SPTr cell-cell signaling Tree View | Non-traceable Author Statement
cholesterol binding n-traceable Author Statement Query: 182 IHCSVKAENSVAAKSGGCFPGSATVHLEQGGTKLVKDLRPGDRVLAADDQGRLLYSDFLT 241
el Tk Vi Non-rcesble Aubor Saeen e
patched binding Tree View | Non-traceable Author Statement Aets
) e e g— = iy Query: 242 FLDRDEGAKKVFYVIETLEPRERLLLTAAHLLFVAPHNDS----nmmmnm= GPTPG---- 286
Chh HyBase | analiam (sensu Holomeubola) - Tree View | Traceable Author Statement FLDRD+GAKKVFYVIET EPRERLLLTAAHLLFVAPHNDS e G
F lineage B imaginal disc Tree View | Traceable Author Statement Sbjct: 241 FL YVIETREPRERLLLTAAHLLF! G 300
Bolwig's organ morphogenesis Tree View | Inferred from Mutant Phenotype
compartment specification Tree View | Traceable Author Statement Query: 287 PSALFASRVRPGQRVYVVAERGGDRRLLPAAVHSVTLREEEAGAYAPLTAHGTILINRVL 346
éve i (sensu D Y i | Traceable Anfhior Stafement P ALFASRVRPGQRVYVVAER GDRRLLPAAVHSVTL EE AGAYAPLTA GTILINRVL
. 2 Sbjct: 301 PRALFASRVRPGQRVYVVAERDGDRRLLPAAVHSVTLSEEAAGAYAPLTAQGTILINRVL 360
cysteine-type endopeptidase activity Inferred from Sequence Similarity
cytoplasm Non-traceable Author Statement Query: 347 ASCYAVIEEHSWAHRAFAPFRLAHALLAALAPARTDGGG 385

Non-traceable Author Statement ASCYAVIEEHSWAHRAFAPFRLAHALLAALAPARTD GG
n-traceable Author Statement Sbjct: 361 ASCYAVI! APFRLAHALLAAL 399
Traceable Author Statement
Non-traceable Author Statement
Tree View | Traceable Author Statement

of s axis, embryo
endopeptidase activity
epidermal differentiation
extracellular
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Additional Comments: Other things you might see.

Quite often an experiment is performed whose results

A . . ) . A A ? Gene Ontology Classifications
indicate that something is NOT involved in a particular symbo Cubp
. .. Name| cellular nucleic acid binding protein
process or does NOT have a particular activity. The e __ :
. “ - | Category | Classification Term Evidence | Inferred From |Ref(s)

annotation file structure allows for the use of a “NOT [Biogical Process | sl s [spremes [

. . . |Biological Process | positive reg: IDA 1
qualifier. For example, since Pax6 is annotated to [ Polopea Proess st i of nscpton o Pol Lo [0 i
“nucleus”, we might want to look at other genes that are e = ;
annotated to “nucleus” (it’s a big list). One of these is e = ﬁ
Cnbp. If you look at the Gene Ontology Classifications, e o —
you will notice that there are two annotations with an ook Fuscion S
“IDA (inferred from direct evidence) code: one says it is
in the nucleus; the other says it is not (a different reference).
MGI includes both.
Occasionally, one will come across gene ——

2 Gene Ontology Classifications

products that have been annotated to Process, p—— T
Function, and/or Component Unknown. These QIR Rk s ey e ag st
three terms arc used When a Curator haS looked Category Classification Term Evidence Inferred From Ref(s)
over the available literature and has found that T —— T
none of it is adequate to assign aterm. A good Molecular Function | protein binding Pl SPTR:P97318 1

example is Dab2ip. As shown by it’s annotation
summary, there was literature to demonstrate that it bound a protein, but no literature to
suggest what process it participated in or where in the cell it was found.

In some cases, there will be unknowns at the same time as IEA annotation. The IEA
annotations in these cases were taken by data loads after the “unknowns” were applied to
these genes. These are removed as literature becomes available.

Visiting several other model organism sites to see how these show GO information.
LocusLink: http://www.ncbi.nlm.nih.gov/LocusLink/ is a database that provides a single
query interface to curated sequence and descriptive information about genetic loci. It
presents information on official nomenclature, aliases, sequence accessions, phenotypes,
EC numbers, MIM numbers, UniGene clusters, homology, map locations, and related
web sites.
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Return to the MGI gene detail page for Paxo6.

- Tuur \HPUIVVI:‘ILLIHII:‘
’—7 ? Gene Detail
G symbol Pax6
\ i Name |paired hox gene &
D [BICTS7400 Momenclature History
Synonyms | 1500038E17Rik, Dey, Dickie's small eye, Pax-6, Sey, small eye
Search far 2 .
Map position | Chromosome 2 s ZTewi gfico of
G Z £L8E BEiEC o545
el B RN 77V
in these sections etated Map # 1 cld Tl bl
MMapping data(®5) CTHARFSBERESEZ TS
Mammalian |human; rat  (dlammalian Orthelogy
Phenotypes orthology | Comparative Map Qouse/Human Pasé + 2 )
Gene Expression =] Sequences |Nucleotids MM 013627 Protein AAH36957
A1l sequences(32)
houseBLAST GHD hterature index(211) cDI‘Ei‘L SOUrEE data@
Additional Resources Other datab_ase DTS DT 40135844, DT 94358348 DT 97362511
P —— links | 7:1Gene 3608
Citing These Resources ENSEMEBEL ENSMUSGE00000027 168
W TIGR TCR16043 TCR16045 TCB54803, TC854804, TCI00102
atranty LIsciaimer
8 Copyright Notice LocusLink 18508
Send questions and Protein | InterPro ID Description

You will see that there are links to other databases; the last one listed is LocusLink. Click
to go to the LocusLink page for mouse Pax6
(http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?1=18508):

-
<3 NCBI

Pubhied Entrez ¥ " Structure

Search | Locuslink =

Viewe | Mim Paxt | Oneafiloe  Sove All Loci

Each=liit Ui ABCDEFGHIJKLMNOPQOQRSTUVWRYZ

L I T L L .
Click to Display R A-Genorde Alignments (spanning 28517 bps)

| var | HowoL | wai el ucsc

B s musscrdus Official Gene Synibol and Hame (MGI)
Paxb: paired hox gene &

LocusID: 12508
Overview ?
Locus Type: e with protein product, fanction known or infsrred
Product: paired box gene 6
Alternate Symbols: Dey, Sey, Pax-6, 1500032E17Rik
Alias: small ey
Drickie's small eye
Funstion Subimit GeneRIF (Al Pubs’ ?

GeneRIF: Gene References into Function:
11602186 « 0le i erdbryonie eve development

You can scroll down the page to find the gene ontology information
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LocusLink Home Pax-6 markedly increased in the latter

Gene Oniology
Term Evidence  Source Pub
« DA binding DA IGI pm
«  transcription factor actrvity TAS WIGI pm
- hrain development IMP MIGI pm
«  fanscription IEA GI
« regulation of transcription, DINA -dependent TAS WIGI pm
o developroent IEA MIGI
«  fanscription factor complex TAS GI pm
. nuclens DA MGI pm
«  eye morphogenesis IMP GI pm
« metanephros developrent IMP MG pm
o cell fate determination WP WIGI pm
o salivary gland rorphogenesis IMP GI pm
«  anteriorfposterior pattern forration WP WIGI pm
«  regulation of cell rigration P MIGI pm
o eye morphogenesis (sensu Mararnalia) IMP GI pm
Relationships 2
Human Homelogy Maps:
HCBIws MGD 11pl3 PAEA Mm Hs
IMap Information ?

and confirm that the annotation is consistent with the annotation given in the MGI gene
detail page. Note that you may sometimes observe slight inconsistencies between sites
due to the fact that information shared among databases is updated frequently but
different databases update on different schedules.
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Again from the MGI gene detail page for Pax6, click the link for Mammalian orthology
to see if there is an orthologous human gene:

,? Gene Detail LT ITUL YRS
Symbol Pax6
Name |paired box gene &
MGl Harne  Heln 1D |MIGL97450 Homenclature History
5 Synonyms [1500038E17Rik, Dey, Dickie's small eve, Pax-6, Sey, small eye
Search for : Map position |Chromasome 2 £ FEpE sigz gk
g Z g288 BlfC oG4
Sof ok R VR
inthese sections LDetaled Map + 1 chl e T oy o
apping data(23) TEEREFERBRIAGFH
Mammalian |human, rat  Qammabian Orthology)
orthology | Comparative Map Ddouse/Human Fazt + 2 cbd _
Gene Expression 7| Sequences |Mucleotide MM 013627  Protein AAH36957

All secuences(32)

There is a human ortholog, PAX6, as the page below indicates:

7 Mammalian Orthology
= Query Results
MG 1 matching item displaged
WG Home  Help Criteria
Species Symbol | Chr AccID Ad | CL NS
LT ? GDB:118997 (GDB-hAustralia)
—— EI T PAXS |1 | S’ o 2o e a0
e eattiois rmouse, lboratory | Pas | 2(58.0 chl) | MG1:07490 || |0|0|0
st Pug |3 41304 (RATHAP) LIL)
Nunber of References 2|21 |2fL]L

Phenotypes Comparative Map: Display 2 chv around mouse Paxf s (human, rat)
Gene Expression ;‘

Display all or selested spesies anly: (mouse, Idhortory, human, rat)

Advanced search far.. = Abbreviations for Orthelogy Criteria:

Search Categories A4 Aning acid seqpuence comparisan
&1 Search Tods CL Conserved raap kication
Genesitarkers

AllsiesPhenotypes NS Hot Specified
StrainsPalvmorphisms NT Hucleotide sequence conperison

Expression
Crmoarative MansMats

You can go to LocusLink to examine the information on the human PAX6 gene:

Organiern] A

Gul Clear
View!HS PAXE | Cmeof L Lo SeweAlLoc

ABCDEFGHI JKLMNOPGRSETUWYWXYZ

1L LA L_n 1 Ll
Click to Display PN & Genomis £lignments (spanning 21281 bps)

[ ruo | [ an | ouou | e
[ et [ vosc | e |

B Homo sapiens Official Gene Symbol and N ame (HGNC)
PAX6: paired hox gene 6 (aniridia, keratitis)
LocusID: 5020

Crrervien &
RefSeq Summary: PAZS encodes paired box gene 6, one of mary hiuman homologues of
the Drosophila melanogaster gene prd. In addition to the hallmark feature of this gene famdly,
a conserved paired hozx doraain, PAXE also contains a homeo box domain. Both domains are
known to bind DNA, and function as regulators of gene transcription. PAXE is expressed in
the developing nervous systers, and in developing eves. Ilutations in PAXE are known to
cause aniridia as well as Peter's anoroly, hoth ocular diseases

Locus Type: geme with protein produst, fimetion known or inferred
Product: paired o gene 6 isoforn &
paired box gene 6 isofonm b
Alernate Symbols: AN, AN2, MGDA, WAGR, D115812E
Alias: Paired box homeotic gene-6

paired box homeotic gene 6 (aniridia, keratitis)
Function SBubmit GeneRIE (A1l Pubs) |
Phenotvoe: » Anividia tvwe I
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and scroll to see what GO annotations have been made to human PAX6. Note that the
gene ontology information is based on annotation from GOA, and that the most current
GOA annotation are available from the GO site.

pathfinding in a way opposite from ROCK {Rho kinase) and that it may
act via Paxfi to rodulate early nemronal developiment

Gene Ontologye:
Term Evidence  Source Pub
- transcrption factor activity TLS GO pm
- eye morphogenesis {sensu Dirosophilay TAS el pm
«  central nervous eysterm developient T&3 GOl pm
. vision Tas GOA pm
- regulation of transcription, DRA-dependent IEL GO,
- histogenesie and organogenesis TAS el pm
- nuclens IEL GOk
» el differentiation IE& GO
Relationships &
Mouse Homology Maps:
NCBI ws. MOD 2 5800 cM Paxtt Hs Mm
Map Information ]

Chromosome: 1 v
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Trying some GO tools that extend the use of the GO from an annotation resource to
a research/analysis tool.

So far, you have explored the use of the GO as a common resource for annotation of gene
products for different organisms. It is also possible to use the GO as a research analysis
tool by examining a set of genes, perhaps a set up-regulated in a microarray experiment.
One such analysis tool is the GO TermFinder. The GO TermFinder attempts to determine
whether an observed level of annotation for a group of genes is significant within the
context of annotation for all genes within the genome.

Method/Algorithm Description

To provide the most detailed information available, genes are directly associated with GO
terms that are as granular as possible. However, for many purposes, such as analyzing the
results of microarray expression data, it is very useful to "calculate" on GO, moving up
the GO tree from the specific terms used to annotate the genes in a list to find GO parent
terms that the genes may have in common. Because the GO terms have structural
relationships with each other, genes are also considered to be indirectly associated with
all the parents of the granular terms to which they are directly associated.

Node A
No direct annotations
4 inferred annotations

& &
Node B Node C
2 direct annotations 2 direct annotations

To determine significance, the TermFinder examines the group of genes to find GO terms
to which a high proportion of the genes are associated compared to the number of times
that term is associated with other genes in the genome. For example, if you search the
process ontology and find that all of the genes in the group were associated with "DNA
repair", this term would be significant. However, since all genes in the genome (with GO
annotations) are indirectly associated with the top level term "biological process", it
would not be significant if all the genes in the group were associated with this very high
level term. The p-value is a measure of the significance, with smaller p-values indicating
greater statistical significance.
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Calculating with the MGI GO TermFinder Tool.
Go to the MGI GO Term Finder:

http://www.spatial.maine.edu/~mdolan/MGI_Term_Finder.html

MGI Gene Ontology Term Finder

This 30 Term Finder tool searches for significant shared 30 terms, or parents of the GO terms, used to describe the genes it
commoz,

Step 1: Enter gene names™:
Tnput the gene names in the text hox, as MG TacclD ot gens symbol (with carrisge retums)

or
Select a file of gene names, as MGLacclD or gene syrabol (with carriage returns).

=i

E
Browse...

Step 2: Choose Ontology:
& Process
€ Fanstion
" Corponent

Step 3 Indicate whether to exclude evidence cods [E& (Inferred from Electronic Annotation)

& Include [Ehs
7 Eachude [EAs
step 4 _Search | Resel

J.Blake - MBL-2003

The query page allows you to enter the list of gene names and select the ontology that

you want to search.

1. Enter gene names:

You can either type the name of the genes in the input box or upload a file that
contains the genes names. Note that a long (more than 100 genes) list of genes

might take awhile to return your results.
2. Choose ontology:

Select one of the three (biological process, molecular function, or cellular

component) ontologies.

3. Indicate whether to include IEAs: The IEA code, Inferred from Electronic
Annotation, means no human involvement in the assignment of the association
and is thus lowest quality evidence code. IEA is the only code currently in use
that does not require human judgment during the curation process. For more

details, see the GO evidence code documentation

(http://www.geneontology.org/doc/GO.evidence.html).

4. Click the Search button.

You will be provided a sample set of mouse genes, mgi_sample.txt, to test.

The results page displays in table form, the shared GO terms (or parents of GO terms)
used to describe the set of genes. The table lists each GO term, the number of times the
GO term is used to annotate genes in the list (or cluster) and the number of times that the
term is used to annotate genes in the entire genome. In addition, the p-value is provided
as well as a list of all the genes annotated, either directly or indirectly, to the term. You

can download the results as an Excel spreadsheet as shown here:
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OTOIT CHGE! - Tesuns Y =
@J Fle Edit Yew Insert Format Tools Data window Help Acrobat =18]

DEESRY | $BBI - &= ASsLE @-;{@"100%- ’,’iAriaI -uw+|B 7 U B 5. A

i |
IS B | c | 2] = F 0 K

1 _|Ontolagy version

2 |ldate: hton Sep 08 16:10:56 BST 2003 PNate: pvalues show statistically significant numbers of | 1

3 |lversion: $Revision: 2.930 & genes in gene set are annotated (directly or indirectly

4 |Annotations version thraugh inference using DAG GO structure) to some GO
& |lsoftware version: $Revision: 1.12 % classifications Results are ordered by pvalue, most

B |ldate: 09M03/2003 § sighificant results first

7
B :GOID GO_term Freqg y G freq y Pwvalue Corrected Pvalue Gene(s)

! | Go:000B281 DA repair 1.00000 0.00353 5.585843E-213 2.12360E-211 MG 1261809 MG 197010 M| 109768
10 |GO-0003713 response to endogenous stim 1.00000 0.00387 4 3E6ABE-204 1.65926E-202 MG 1261809, MG 1197010 MG 1097BS
11 | GO:000857 4 response to DA damage stir 1.00000 0.00357 4 36646E-204 1.65926E-202 MG1261809 MG 1197010 MG 109768
12 | GO:0006253 DMA metabaolistm 1.00000 0.01033 3.50BE6E-160 1.33253E-158 MGL1261809 MGI:1197010 MG 10976
13 | GO:0006950 response to stress 1.00000 0.02157 4 36099E-132 1.657 16E-130 MG 1261809 MG 197010 MG 109768
14 |GO:00087133 nucleobase, nucleoside, nucle 1.00000 0.05933 4.14240E-97 1.57411E95 MG 1267809, MGI:1197010 MG 10976
158 |G0:0008152 metabolism 1.00000 0.15150 5.7 1585E-65 2 55202E-63 MG 1261809 MG 197010 MG 10976
16 | GO:0007552 physiological processes 1.00000 0.24577 5.45454E-48 2.08796E-46 MG 1261809, MG 197010 MG 109768
17 | GO:0006310 DA recombination 0.17549 0.00050 3.65804E-30 1.39006E-25 MGl 1261809 MGI9E995 MG1: 1335098,
18 | GO:0000067 DMA replication and chrormost 0.23077 0.00327 5.23975E-29 2371E27 MG1: 1335098, MG 314881 MG 134396
19 :GO'DDDEQED DA replication 021795 0.00267 1. 56017E-28 5 92864 E-27 MGl 1335098 MGI:1314881 MG 13439¢
20 | GO:0000084 S phase of mitatic cell cycle 0.21795 0.00270 1.97079E-28 7. 48899E-27 M GL:1335098 MG 1314881 MG 134396
21 |GO:000B259 nucleotide-excision repair 0.14103 0.00053 7.59198E-26 2 BB495E-24 MGIE103557 MGI103582 MGLES5480 M
22 |G0O:0000275 mitatic cell cycle 0.23077 0.00547 1.16856E-24 4 44167 E-23 M G1: 1335098 MGI1314881 M| 134396
23 |G0:0007043 cell cycle 0.29457 0.01367 1.23385E-24 4 BEEB4E-23 MG 1335098, MGI: 1314881 MG 13166,
24 | GO:0008283 cell proliferation 0.28457 0.01647 8.61203E-23 3.27257E-2 MG 1335098 MGI1314881 MG 13166:
25 | G0:0006254 base-excision repair 0.10256 0.00030 1.29533E-20 4 2227E-19 MG 1261809, MG 1097653 MG 134117
26 | GO:0008151 cell growth and/or maintenanc 0.33333 0.08530 5.058409E-10 2 31196E-08 MG 1335098 MGI1314881 MG 109290
27 :6020005298 mistnatch repair 0.05128 0.00023 1.47081E-09 558007 E-05 MGL1343961 MGI101816 MG 101938,
28 | GO:0045005 maintenance of fidelity during 0.05128 0.00023 147081 E-09 £.58507 E-05 hGL13435961 MGI101816 MG 101938,
28 | GO:0007126 meiosis 0.06410 0.00053 9.78190E-09 371712E07 MG 100512 MG 105393, MGES7E90 b
30 | GO:0000280 nuclear division 007692 000257 5. 19932E-08 1.97574E-06 hGI:1100512 MGI: 105393 MGES7E50 b
231 |G0:0000279 M phase 0.07892 0.00267 6.54523E-08 2 48571E-06 MG 100512 MG 105393, MGES7E90 b
ATRAMNNEAT  dankloctrand hrask ranair A ARAR A AnAa A 7EMENA 7 BRRAIENR MGEANATTE MRE1397700 MRETIART
A similar Term Finder tool is available at the SGD yeast database:
http://db.yeastgenome.org/cgi-bin/SGD/GO/goTermFinder
SGD Gene Ontology Term Finder

This GO Term Finder tool searches for significant shared GO terms, or parents of the GO terms, used to describe the genes in your list to help you discover what the genes may have in
COfmmotL

« Youcould input the gene/ORF nares in the text box provided or select a file of genefORF names.
« Choose from only one of the 3 ontologies at a time.

Step 1: Enter Gene/ORF names:

|(separate by return)
|oR
|Select a file of Gene/ORF names:

Browse...

Step 2: Choose Ontology (Choose from only one of the 3
ontelogies at a time):

(* Process

" Function

" Component
Step 3:

Search | Reset

You will be provided a sample set of yeast genes, sgd sample.txt, to test. Note that the
results are similar to the MGI TermFinder results but, in addition, the statistically
significant nodes are presented in the context of the ontology, displayed as a graph, and
color-coded according to p-value.
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Visualizing the GO structure.

Being able to visualize the ontology as a graph is very useful in understanding the
relationship of different GO terms, as you may have seen by looking at your results using
the SGD Term Finder. A tool that provides such a visualization of a gene is GenNav:
http://etbsun2.nlm.nih.gov:8000/perl/gennav.pl

Term: |pex]

What: Gene/Gene product *
Field: [awtomatic 7]
Siring maiching method: ,W:J

Species resiriction: |Mus mugculus (house mouse) ‘:j

Search GO Clear

You can try out GenNav by entering Pax6 in the Term box, selecting Gene/Gene product,
and selecting Species restriction Mus musculus. The resulting display will include the
GO annotations for mouse Pax6 indicated by thicker lines in the graph but, in addition,
the graph structure that shows how those annotations occur in the three ontologies
(arrows), as shown here:

Gene_Ontology

cellular_component biological_process

| SN T

cell physiological processes cellular process development
molecular_function intrace llular metabolism cell motility cell differentiation embryonic development morphogenesis pattern specification

/ SR I IR

nuclecbase, nucleoside,
nucleotide and nucleic acid  cell migration cell fate commitment E’“b'v“”““E“E‘”"‘E"me’““
metabuhsm

nucleic acid binding ”““”2:5‘2{;&9“‘“”' nucleus transcription \ emhvynm: deve\npment SEm“/ﬂ\my gland development uragenital system development  neurogenesis
DNA binding nicleoplasm  wanscription, DNA-dependent  requlation of transcription  regulation of cell migration £ ’“”’Q””“E"e‘“ {senett / eye morphogenesis / ‘“"33:";:;1;‘;““

wanseription factor complex requ\atmn of tvan;:”btmn

transcription factor activity -dependent

binding embryonic morphogenesis  organogenesis

cel fate determination anterior/posterior pattern

formation

salivary gland

Again, you should expect to see results (more or less) consistent with the GO annotations
on the Pax6 MGI gene detail page.
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The next following pages contain samples lists used in this tutorial.

The first set is a list of SGD ids to be used at SGD TermFinder, the second is for the MGI
GoTermFinder demo
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SGD sample set

YKL114C
YGL163C
YMLO21C
YDRO097C
YDL200C
YOL043C
YMR106C
YKLI113C
YDLI154W
YMLO095C
YORO005C
YALO15C
YOR346W
YDRO30C
YHR120W
YOLO9OW
YMR167W
YMLO60W
YDLI10IC
YIL066C
YMR284W
YCRO14C
YORO033C
YJRO35W
YNLO82W
YDR419W
YNL250W
YER142C
YMR137C
YER169W
YELO19C
YLRO32W
YOR386W
YIL139C
YBLOI9W
YPL167C
YPL204W
YKRO095W
YDR386W

YMLOS8W-A

YGLO21W

YKRO35W-A

YDR263C
YMLO032C

YBRI36W
YER095W
YDRO76W
YDLO059C
YDRO004W
YDR369C
YCR092C
YMLO61C
YER162C
YBRI114W
YELO037C
YJRO52W
YGR258C
YMR201C
YPLO022W
YCRO66W
YGLO087C
YLR383W
YER173W
YDR217C
YLR288C
YFRO15C
YER133W
YLR258W
YJL137C
YORI178C
YNRO32W
YKRO58W
YPR160W
YER178W
YGL253W
YMR303C
YFRO53C
YBR221C
YMRO83W
YMR205C
YBR196C
YMR105C
YMR125W
YNLO71W
YJRO09C
YOR344C
YOR347C
YOLO5S6W
YGL256W
YJLO52W

21

J.Blake - MBL-2003

YDRO50C
YLR134W
YCRO12W
YCL040W
YNL199C
YHR174W
YOL086C
YDRO8IC
YALO38W
YKL152C
YGRO87C
YGR254W
YBRI145W
YLRO044C
YKL060C
YGR192C
YGRI193C
YDLO21W
YPLO75W
YGR240C
YKL127
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MGI sample set

MGI:1914689
MGI:1918961
MGI:1919580
MGI:1921585
MGI:1335098
MGI:2443149
MGI:1925860
MGI:1340806
MGI:1341112
MGI:88042
MGI:107202
MGI:103067
MGI:2145407
MGI:2384588
MGI:1924872
MGI:1351331
MGI:1314881
MGI:1355272
MGI:1277143
MGI:1202384
MGI:105393
MGI:95412
MGI:95413
MGI:95414
MGI:1354163
MGI:103582
MGI:95480
MGI:1277216
MGI:1345669
MGI:1338799
MGI:101789
MGI:109152
MGI:96977
MGI:101938
MGI:96995
MGI:97073
MGI:1100512
MGI:101816
MGI:1343961
MGI:1917853
MGI:1313275
MGI:1097693
MGI:104288
MGI:97740

MGI:1196391
MGI:1354947
MGI:1891457
MGI:1347081
MGI:1349767
MGI:1889000
MGI:104779
MGI:1316678
MGI:1890476
MGI:108016
MGI:105126
MGI:105128
MGI:109292
MGI:97890
MGI:2150020
MGI:1099436
MGI:1261809
MGI:101949
MGI:894697
MGI:1194912
MGI:2156841
MGI:97900
MGI:97901
MGI:1337131
MGI:1919401
MGI:108247
MGI:1197010
MGI:109352
MGI:99135
MGI:103557
MGI:99137
MGI:1927345
MGI:1333799
MGI:104517
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