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What is GO for?
“The original intent of the group was to constructa

set of vocabularies comprisingterms that we could

sharewith acommonunderstandingof themeaningof

any term used,andthat could supportcross-database

queries.”
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What do want to ask?
� Whatproteinsaresemanticallysimilar to aquery

protein?
� Or whatproteinshavesemanticallysimilar

annotation?
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Judging SemanticDistance
� Directmatches.Two proteinsaresemantically

similar if they areannotatedwith thesameterms.
� But whatof “transmembranereceptor”,

(GO:0004888),and“photoreceptor”,
(GO:0009881)

� Probabilityof adirectmatchdependson thesize
of GO.
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EdgeDistance
� ThefurtherGOtermsareaway in theDirected

Acyclic Graph(DAG), thelessrelatedthey are.
� “photoreceptor”,(GO:0009881)and

“transmembranereceptor”,(GO:0003754)share
acommonparent.

� “chaperone”,(GO:0003754)and“signal
transducer”,(GO:0004871)alsoshareacommon
parent.
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Edgecounting with Weighting
� Eachedgecanhaveaweight,perhapsbasedon

depth,to scalethedistancecalculation.
� “high-af�nity tryptophantransporter”,

(GO:0005300)is 14 termsdeep.
� “anticoagulant”,(GO:0008435)is 3 termsdeep.
� HandannotatingGOwouldbeasigni�cant task.
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Edgecounting with Weighting
� Eachedgecanhaveaweight,perhapsbasedon

depth,to scalethedistancecalculation.
� “high-af�nity tryptophantransporter”,

(GO:0005300)is 14 termsdeep.
� “anticoagulant”,(GO:0008435)is 3 termsdeep.
� HandannotatingGOwouldbeasigni�cant task.

Evenif weknew how to do it
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How is GO Used?
� GOhasalreadybeenusedto annotatemany

databases.Canwe usetheinformationin the
corpus?

� Canwede�ne similarity extensionallyratherthan
intentionally?
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Inf ormation Content
Thelessfrequentlya termoccurs,themore
informative it is.
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Inf ormation Content
Thelessfrequentlya termoccurs,themore
informative it is.
“AlphaMatingFactor”
RosettaInpharmatics:Pubs: SignalingandCircuitry
of Multiple MAPK Pathways...
ZymoResearch'snew productsarefor E.coli transfor-
mation,bubble-freegel casting,
ALPHA-MATING FACTOR H-TRP-HIS-TRP-LEU-
GLN-LEU-LYS-PRO-GLY-GLN-PRO-MET-TYR-
OH. YeastP values
Thealphaproject@ tMSI: Mating response
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Inf ormation Content
Thelessfrequentlya termoccurs,themore
informative it is.
“Sex Pheromone”
Primal Instinct Pheromones- PheromoneThe secret
formulato getgirls!
PHEROMONE POWER human sex pheromones
PHEROMONE POWER Themostpowerfull love po-
tion! HumanPheromonetheproveningredient
PHEROMONE ATTRACTION building self con�-
dencePHEROMONE ATTRACTION Primal Instinct
pheromones- Incredible
Learnthe art of SEDUCTION.All FreeInformation.
sex pheromone– aphrodisiac– pheromonesmell!!
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Inf ormation Content and GO
Wede�ne p(c) asthenumberof timeseachterm,or
any of its childrenoccur, dividedby thenumberof
timesany termoccurs.

molecular function
GO:0003674 p = 1 

signal transducer 
GO:0004871 p = 0.208

isa

chaperone
GO:0003754 p = 0.0102

isa

receptor-associated protein
GO:0016962 p = 0.00159

isa

receptor
GO:0004872 p = 0.124

isa

receptor signaling protein
GO:0005057 p = 0.0281

isa

ligand
GO:0005102 p = 0.0460

isa

transmembrane receptor
GO:0004888 p = 0.0997

isa

photoreceptor
GO:0009881 p = 0.000433

isa

BecausetheGO aspectsaredisconnectedsub-graphs,

we cancalculatethis probabilityfor any aspect,or for

GOasawhole.
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Probabilities to Similarity
Wede�ne probabilityof theminimumsubsumerpms
as

pms(c1; c2) = min
c2S(c1;c2)

f p(c)g (1)

whereS(c1; c2) is thesetof parentalconceptsshared
by thequerytermsc1, c2.
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Probabilities to Similarity

sim(c1; c2) = � ln pms(c1; c2)

after [Resnik,1995].
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Probabilities to Similarity

sim(c1; c2) = 2� [ln pms (c1;c2)]
ln p(c1)+ln p(c2)

after [Lin, 1998]

dist(c1; c2) = � 2ln pms(c1; c2) �
(ln p(c1) + ln p(c2))

after [JiangandConrath,1998]
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Validation!
� but doesit work?

� or ratheris it sensible?
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Validation!
� but doesit work?
� or ratheris it sensible?

How canwe testthismeasure?
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Validation!
� but doesit work?
� or ratheris it sensible?

How canwe testthismeasure?

If two sequencesaresimilar, theannotationshould
alsobesimilar.
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Validation!
� BLAST all SWISS-PROT sequences.
� For each,takeall pairs(queryandhit).
� Comparesemanticsimilarity, with ln[bitscore].
� Averagesemanticsimilarity for intervalsof

ln[bitscore]
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Validation!
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Scatter
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Outliers
SPEE_HUMAN(Spermidinesynthase(EC 2.5.1.16))

SPSY_HUMAN (Sperminesynthase(EC 2.5.1.22))

Bothannotatedasspermidinesynthase.
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Searching SWISS-PROT
MolecularFunction

OPSG_HUMAN Green-sensitiveopsin(Greenconephotoreceptor
pigment).

8.15

OPN4_HUMAN Opsin4 (Melanopsin). 7.23

OPSB_HUMAN Blue-sensitive opsin (Blue cone photoreceptor
pigment).

4.92

5H6_HUMAN 5-hydroxytryptamine6 receptor(Serotoninre-
ceptor)

3.92

A1AA_HUMAN Alpha-1A adrenergic receptor (Alpha 1A-
adrenoceptor)

3.92

A1AB_HUMAN Alpha-1B adrenergic receptor (Alpha 1B-
adrenoceptor).

3.92

Searchingwith OPSR_HUMAN
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Searching SWISS-PROT
BiologicalProcess

AIPL_HUMAN Aryl-hydrocarboninteractingprotein-like1. 2.89

CNCG_HUMAN Retinalconerhodopsin-sensitivecGMP 2.89

CNRA_HUMAN Rod cGMP-speci�c 3',5'-cyclic phosphodi-
esterase

2.89

CNRC_HUMAN Cone cGMP-speci�c 3',5'-cyclic phosphodi-
esterase

2.89

CNRD_HUMAN Retinalrod rhodopsin-sensitivecGMP 2.89

CRB1_HUMAN BetacrystallinB1. 2.89

Searchingwith OPSR_HUMAN
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Searching SWISS-PROT
CellularComponent

1A01_HUMAN HLA classI histocompatibilityantigen 1.86

5H1A_HUMAN 5-hydroxytryptamine1A receptor(5-HT-1A) 1.86

A1A2_HUMAN Sodium/potassium-transportingATPasealpha-2
chain

1.86

A1AA_HUMAN Alpha-1A adrenergic receptor 1.86

A33_HUMAN Cell surfaceA33 antigenprecursor 1.86

ACHA_HUMAN Acetylcholinereceptorprotein 1.86

Searchingwith OPSR_HUMAN
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Conclusions
� InformationContentBasedmeasuresappearto

producingbiologically “sensible”results.
� They canbeusedto checkGOannotation.
� They canbeusedto searchGO.
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Futur eWork
� A Webbasedsearchtool.

http://gosst.cs.man.ac.uk
� Userstudieswith differentmeasures.
� Differentiatinglink types.
� Performanceoptimisation.
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Irr elevant Cartoon
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Other Data
Aspect Resnik
MolecularFunction 0.577
BiologicalProcess 0.280
CellularComponent 0.368
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