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Predicting FunctionPredicting Function

To extract To extract biologically important informationbiologically important information from a from a 
protein sequenceprotein sequenceprotein sequenceprotein sequence

Structure predictionStructure prediction
To predict To predict secondary structuresecondary structure + + solvent accessibilitysolvent accessibility + + 
transmembrane helices (above)transmembrane helices (above)transmembrane helices…(above)transmembrane helices…(above)

Function predictionFunction prediction
CaseCase specific prediction specific prediction CaseCase--specific prediction specific prediction 

DidDid notnot result in automated tools for result in automated tools for function predictionfunction prediction, but by , but by 
Annotation transferAnnotation transfer
Motifs & patternsMotifs & patterns



Annotation Transfer (2)Annotation Transfer (2)

ThousandsThousands of proteins have been characterized of proteins have been characterized 
experimentallyexperimentally in the labin the lab

Th i  f ti  h  b  d d Th i  f ti  h  b  d d i  i  t i  i  i  t i  Their functions have been recorded Their functions have been recorded in various protein in various protein 
databasesdatabases
Similarity at the sequence levelSimilarity at the sequence level implies implies similarity of functionsimilarity of function
(N t lid )(N t lid )(Next slide)(Next slide)

If If a newly discovered proteina newly discovered protein bears high bears high similaritysimilarity to another, wellto another, well--
characterized one, it is reasonable to assume that they have a similar characterized one, it is reasonable to assume that they have a similar 
functionfunctionfunctionfunction

Some Some notable exceptionsnotable exceptions
P t i  h  P t i  h  diff t f tidiff t f ti d di   d di   th i  ll l  th i  ll l  Proteins have Proteins have different functionsdifferent functions depending on depending on their cellular their cellular 
locationlocation

“moonlighting proteins”“moonlighting proteins” (Jeffery 2003) (Jeffery 2003) 
NotNot oneone--genegene--oneone--protein (follow the changes of the organism in its protein (follow the changes of the organism in its NotNot oneone--genegene--oneone--protein (follow the changes of the organism in its protein (follow the changes of the organism in its 
physiologicalphysiological & & pathologicalpathological conditions”conditions”



Moonlighting proteins.Moonlighting proteins. Moonlighting proteins have multiple, seemingly Moonlighting proteins have multiple, seemingly unrelated unrelated 
functionsfunctions notnot due to gene fusions or alternative splicing  Like due to gene fusions or alternative splicing  Like PGIPGI  which is  which is a a functionsfunctions notnot due to gene fusions or alternative splicing. Like due to gene fusions or alternative splicing. Like PGIPGI, which is , which is a a 
cytosolic enzymecytosolic enzyme and an and an extracellular cytokineextracellular cytokine, dozens of other proteins have , dozens of other proteins have 
been found to been found to moonlightmoonlight. Connie coined the term . Connie coined the term moonlighting proteinsmoonlighting proteins and has and has 
written several review articles that develop written several review articles that develop the idea of moonlighting proteinsthe idea of moonlighting proteinswritten several review articles that develop written several review articles that develop the idea of moonlighting proteinsthe idea of moonlighting proteins
and describe and describe additional moonlighting proteinsadditional moonlighting proteins from the from the literatureliterature, how , how they they 
switch between functionsswitch between functions, how they might have evolved, and how they might , how they might have evolved, and how they might 
benefit the cellbenefit the cell. She is currently writing two additional invited articles and . She is currently writing two additional invited articles and y gy g
planning planning computational studiescomputational studies of the of the sequencessequences and and structuresstructures of known of known 
moonlighting proteins.moonlighting proteins.



Daylight ZoneDaylight Zone

Structures are Structures are 

Daylight ZoneDaylight Zone

Structures are Structures are 
more conserved more conserved 
than Sequencesthan Sequences



Annotation Transfer (3)Annotation Transfer (3)

AutomaticAutomatic predictions, several predictions, several important pointsimportant points
To define To define a statistical thresholda statistical threshold of sequence similarity that of sequence similarity that To define To define a statistical thresholda statistical threshold of sequence similarity that of sequence similarity that 
permits the annotation transfer permits the annotation transfer 

This This thresholdthreshold differs from differs from one biological function to anotherone biological function to another, , 
needs to be determined needs to be determined ad hocad hoc (specifically) for(specifically) forneeds to be determ ned needs to be determ ned ad hocad hoc (spec f cally) for(spec f cally) for

Each protein familyEach protein family & & 
Each biological functionEach biological function (Rost et al. 2003) (Rost et al. 2003) 



Motifs & Patterns (1)Motifs & Patterns (1)

To develop various methods To develop various methods to identify functionally to identify functionally 
important residuesimportant residues based on their based on their conservationconservation throughout throughout important residuesimportant residues based on their based on their conservationconservation throughout throughout 
evolutionevolution

Casari et al. 1995Casari et al. 1995

Conserved Conserved residuesresidues & conserved & conserved sequence elementssequence elements , likely to , likely to 
be be importantimportant functionallyfunctionally

But But no putative functionno putative function yet yet 

Sometimes  there is Sometimes  there is divergencedivergence between the between the sequencesequence of a of a Sometimes, there is Sometimes, there is divergencedivergence between the between the sequencesequence of a of a 
newly discoverednewly discovered protein & any protein & any other previously annotatedother previously annotated
protein protein too widetoo wide to establish relatedness to establish relatedness 



Levels of Protein Sequence and Structure Levels of Protein Sequence and Structure 
OrganizationOrganization

L l/L l/Level/Level/
DatabaseDatabase ContentContent ExampleExample
PrimaryPrimary SequenceSequence “AVILDRYFH”“AVILDRYFH”PrimaryPrimary SequenceSequence AVILDRYFHAVILDRYFH

SecondarySecondary MotifMotif [AS][AS]--[IL]2[IL]2--X[DE]X[DE]--RR--SecondarySecondary MotifMotif [AS][AS] [IL]2[IL]2 X[DE]X[DE] RR
[FYW]2[FYW]2--HH

TertiaryTertiary Domain, Domain, a,b,c or a,b,c or TertiaryTertiary Domain, Domain, 
modulemodule

a,b,c or a,b,c or 
@, *, #@, *, #
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Motifs & Patterns (2)Motifs & Patterns (2)

The existence of a The existence of a 
relatively short sequencerelatively short sequencey qy q
motifmotif that is highly that is highly 
conserved evolutionarilyconserved evolutionarily & & 
highly specific highly specific functionallyfunctionallyh gh y sp c f c h gh y sp c f c funct ona yfunct ona y

Helpful to reveal the Helpful to reveal the 
putative function putative function 

E g  a sequence element E g  a sequence element E.g., a sequence element E.g., a sequence element 
that appears in that appears in many many 
knownknown DNADNA--binding binding 
proteinsproteins

HomeodomainHomeodomain--like proteinslike proteins: 3 : 3 
helices containing helices containing a helixa helix--turnturn--helix helix 
(HTH) DNA binding motif(HTH) DNA binding motif
(homeodomian in eukaryotes)(homeodomian in eukaryotes)



Motifs & Patterns (3)Motifs & Patterns (3)

Several Several databasesdatabases offer offer large librarieslarge libraries of these of these 
characterized sequence motifs that have been collected characterized sequence motifs that have been collected qq
either either 

ManuallyManually by experts or by experts or 
Automatically by Automatically by patternpattern--searching algorithmssearching algorithmsAutomatically by Automatically by patternpattern--searching algorithmssearching algorithms

Many of these Many of these librarieslibraries include include a searching toola searching tool
To submit a sequence of interest to determine whether To submit a sequence of interest to determine whether anan
interesting motifinteresting motif is contained within their proteinis contained within their protein

Some important insight into Some important insight into its structureits structure & & functionfunctionp gp g



Terminology Terminology -- ProfileProfile

A A numericalnumerical representation of a multiple sequence alignment representation of a multiple sequence alignment 
(MSA)(MSA)(MSA)(MSA)

Intrinsic sequence informationIntrinsic sequence information that represents that represents the common the common 
characteristicscharacteristics of that particular collection of sequences, of that particular collection of sequences, 
frequently frequently a protein familya protein familyfrequently frequently a protein familya protein family

By using a profile, one is able to find By using a profile, one is able to find similaritiessimilarities between between 
  ith littl    b l t   id titith littl    b l t   id tit t  t  sequences sequences with little or no absolute sequence identitywith little or no absolute sequence identity to to 

identify identify distantlydistantly related proteinsrelated proteins



TK Attwood 2000 Briefings in TK Attwood 2000 Briefings in 
Bioinformatics 1, 45Bioinformatics 1, 45--5959



Terminology Terminology –– Pattern/Signature Pattern/Signature 

The common characteristics of The common characteristics of a protein familya protein family or a multiple or a multiple 
sequence alignment (MSA)sequence alignment (MSA)q gq g

Simply providing Simply providing a shorthand notationa shorthand notation for what residues can be for what residues can be 
present at any given positionpresent at any given position

E.g., the pattern E.g., the pattern [IV][IV]--GG--xx--GG--TT--[ LIVMF] [ LIVMF] ––x(2)x(2)--[GS][GS]
The first position could contain either an isoleucine or a valine, the The first position could contain either an isoleucine or a valine, the 
second position could contain only a glycine…second position could contain only a glycine…second pos t on could conta n only a glyc ne…second pos t on could conta n only a glyc ne…
{I}: {I}: residues residues forbiddenforbidden
An An xx: any residue can appear at that position: any residue can appear at that position
x(2): two positions can be occupied by any amino acid  the number x(2): two positions can be occupied by any amino acid  the number x(2): two positions can be occupied by any amino acid, the number x(2): two positions can be occupied by any amino acid, the number 
reflecting simply the length of the nonspecific runreflecting simply the length of the nonspecific run



Methods Methods –– PROSITEPROSITE (1)(1)

Catalog of biologically Catalog of biologically significant sitessignificant sites through the use of through the use of 
motifmotif, , sequence profilessequence profiles, , patternspatterns (Falquet et al. 2002; Hulo (Falquet et al. 2002; Hulo q pq p pp qq
et al. 2004)et al. 2004)

Each entry in PROSITEEach entry in PROSITEEach entry in PROSITEEach entry in PROSITE
Liking to an “annotation Liking to an “annotation documentdocument””

Detailed information on the protein family that is characterized by Detailed information on the protein family that is characterized by 
th  fil   tt  th  fil   tt  the profile or pattern the profile or pattern 
AnnotationsAnnotations

TaxonomicTaxonomic rangerange
D main D main architecturearchitecture viewsviewsDomain Domain architecturearchitecture viewsviews
Known Known biologicalbiological functionsfunctions
Any Any experimentally determined threeexperimentally determined three--dimensionaldimensional structuresstructures
Relevance Relevance referencesreferences from the literature from the literature Relevance Relevance referencesreferences from the literature from the literature 



Methods Methods –– PROSITEPROSITE (2)(2)

Each entry in PROSITEEach entry in PROSITE
Information about how well Information about how well 

Cdc13p_yeast

the the pattern or profilepattern or profile
characterizes characterizes the protein the protein 
familyfamily being described being described 

The number of The number of true & false true & false 
positivespositives, as well as false , as well as false 
negativesnegatives

Whi h ll  h    Whi h ll  h    Which allow the users to Which allow the users to 
determine the determine the specificityspecificity
of a given of a given profileprofile or or 
patternpattern

A complete list A complete list SwissSwiss--Prot Prot 
sequences matching the sequences matching the 

f l   f l   profile or patternprofile or pattern



Methods Methods -- PfamPfam (1) (1) 

A collection of A collection of protein domain familiesprotein domain families (Sonnhammer et al. (Sonnhammer et al. 
1997; Bateman et al. 2004)1997; Bateman et al. 2004)

Each Pfam entryEach Pfam entry
A multiple sequence alignment (MSA)A multiple sequence alignment (MSA) of a protein domain or of a protein domain or A multiple sequence alignment (MSA)A multiple sequence alignment (MSA) of a protein domain or of a protein domain or 
conserved region conserved region 

T  Pf  d bT  Pf  d bTwo Pfam databasesTwo Pfam databases
PfamPfam--AA

Manually  Manually  yy

PfamPfam--BB
Automatic clustering of Automatic clustering of the ProDom database the ProDom database Automatic clustering of Automatic clustering of the ProDom database the ProDom database 



Methods Methods -- PfamPfam (2) (2) 

More than More than 80% of all Swiss80% of all Swiss--ProtProt & & TrEMBL entriesTrEMBL entries are are 
associated with associated with a Pfam entrya Pfam entry

Profile HMMsProfile HMMs derived from derived from the multiple sequence the multiple sequence 
alignmentsalignments associated with each entry can be used to deduce associated with each entry can be used to deduce alignmentsalignments associated with each entry can be used to deduce associated with each entry can be used to deduce 
whether whether a new sequence of interesta new sequence of interest can be assigned to an can be assigned to an 
alreadyalready--characterized familycharacterized family

Particularly useful for when Particularly useful for when similaritysimilarity can not be deduced can not be deduced 
through the use of through the use of simple simple BLASTBLAST or or FASTAFASTA searchsearchgg pp

KeywordKeyword & & sequence searchessequence searches



CDC13_YEAST



Methods Methods –– InterPro InterPro (1)(1)

An integrated resourceAn integrated resource for information about for information about protein protein 
families, domains and functional sitesfamilies, domains and functional sites, bring together , bring together 
i f ti  f   b  f t i  d ii f ti  f   b  f t i  d i b d b d information from a number of protein domaininformation from a number of protein domain--based based 
resources (APweiler et al. 2000)resources (APweiler et al. 2000)

PROSITEPROSITE
PRINTSPRINTS
Pfam Pfam 
ProDomProDomProDomProDom

To provide a To provide a unified launching pointunified launching point from which users can from which users can pp g pg p
explore explore protein familiesprotein families further, moving from the further, moving from the InterProInterPro
entry to any of the sources from which entry to any of the sources from which InterProInterPro entries are entries are 
derived derived derived derived 



Methods Methods –– InterPro InterPro (2)(2)

SearchesSearches
TextText
SequenceSequenceSequenceSequence

Example (InterPro Scan)Example (InterPro Scan)pp
An An InterPro summary page InterPro summary page for CDC13_YEASTfor CDC13_YEAST

Click on IPR001969Click on IPR001969
All IntroPro pages give the name of All IntroPro pages give the name of the familythe family links to links to All IntroPro pages give the name of All IntroPro pages give the name of the familythe family links to links to 

SignaturesSignatures that characterize members of the familythat characterize members of the family
Information on Information on “children” of this protein family“children” of this protein family

Used to indicate Used to indicate protein familyprotein family & & subfamilysubfamily relationshipsrelationships

Links to other databasesLinks to other databases
PDB, CATH, SCOP, BLOCKS and PROSITEPDB, CATH, SCOP, BLOCKS and PROSITE



Methods Methods –– InterPro InterPro (3)(3)

Radial taxonomy displayRadial taxonomy display
To provide a quick overview of To provide a quick overview of the taxonomic rangethe taxonomic range in which in which 

b  f h   f l   b db  f h   f l   b dmembers of this protein family are observedmembers of this protein family are observed

Graphical viewGraphical viewpp
The presence of The presence of discrete motifsdiscrete motifs in proteins belonging to this in proteins belonging to this 
familyfamily

ReferencesReferences
More More inin--depthdepth information about the domaininformation about the domain



Methods Methods –– BLOCKSBLOCKS (1)(1)

The concept of The concept of blocksblocks to identify to identify a family proteinsa family proteins, rather , rather 
than relying on the individual sequences themselves than relying on the individual sequences themselves than relying on the individual sequences themselves than relying on the individual sequences themselves 
(Pietrovsky et al. 1996)(Pietrovsky et al. 1996)

Conserved motifsConserved motifs from proteins from proteins in the same familyin the same family are aligned are aligned 
without introducing gaps without introducing gaps blockblockwithout introducing gaps without introducing gaps blockblock

Block = alignmentBlock = alignment ((not the individual sequencenot the individual sequence themselves)themselves)

A  i di id l t i   A  i di id l t i   t i  t i    m  bl k  m  bl k   An individual protein can An individual protein can contain contain one or more blocksone or more blocks, , 
corresponding to each of its corresponding to each of its functionalfunctional & & structural motifsstructural motifs

The BLOCKSThe BLOCKS database is derived from the entries in database is derived from the entries in 
InterProInterPro



Methods Methods –– BLOCKSBLOCKS (2)(2)

BLOCKS searchBLOCKS search
The query sequence is The query sequence is aligned againstaligned against all blocks in the all blocks in the 
databasedatabase at all possible positionsat all possible positionsdatabasedatabase at all possible positionsat all possible positions

For each alignment, For each alignment, a scorea score is calculated using a is calculated using a position specific position specific 
scoring matrix (PSSM)scoring matrix (PSSM)

Searches can be performed Searches can be performed optionallyoptionally against against the PRINTSthe PRINTS
database, idatabase, including information on more than ncluding information on more than 300 families300 families that that 
do not have corresponding entries in BLOCKSdo not have corresponding entries in BLOCKSdo not have corresponding entries in BLOCKSdo not have corresponding entries in BLOCKS

Better way is to search bothBetter way is to search both

BLOCK MakerBLOCK Maker (the same used to construct the database)(the same used to construct the database)
To submit To submit a set (≥3) of unaligneda set (≥3) of unaligned, related protein sequences to , related protein sequences to ( ) f g( ) f g , p q, p q
detect conserved blocksdetect conserved blocks within the sequence set within the sequence set 



Evaluation of PerformanceEvaluation of Performance

To To analyzeanalyze, not predict sequences, not predict sequences
Impossible to assessImpossible to assess
A  & di ti    A  & di ti    i l ti l tAccuracy & predictive power are Accuracy & predictive power are irrelevantirrelevant
All complementary to each otherAll complementary to each other, the output could be , the output could be 
integratedintegrated more straightforwardlymore straightforwardly

Pfam vs. PROSITEPfam vs. PROSITE
Pfam:Pfam: find find a few long motifsa few long motifs that can help associate the query that can help associate the query Pfam:Pfam: find find a few long motifsa few long motifs that can help associate the query that can help associate the query 
sequence with sequence with a wella well--characterized familycharacterized family & predict its & predict its 
functionfunction

PROSITE: PROSITE: more short onesmore short ones



Subcellular LocalizationSubcellular Localization

Annotation transfer yield no results…Annotation transfer yield no results…

HistoryHistory
2nd structure or topology2nd structure or topology
Structural families or foldsStructural families or foldsStructural families or foldsStructural families or folds
Subcellular localizationSubcellular localization

To narrow down its putative functionTo narrow down its putative function



Subcellular Localization Subcellular Localization –– Methods (1)Methods (1)

PSORTPSORT
Nakai & Horton 1999Nakai & Horton 1999

Searches for Searches for featuresfeatures characterizing that characterizing that taxonomic grouptaxonomic group
that may help deduce the subcellular localization of the that may help deduce the subcellular localization of the y py p
proteinprotein

A library of A library of known signal peptidesknown signal peptides & searches for them in the & searches for them in the 
query sequencequery sequencequery sequencequery sequence

Also checks Also checks predicted structural featurespredicted structural features (e.g., (e.g., topologytopology) that ) that 
may indicate whether the protein is may indicate whether the protein is solublesoluble or or embedded in embedded in may indicate whether the protein is may indicate whether the protein is solublesoluble or or embedded in embedded in 
membranemembrane



Subcellular Localization Subcellular Localization –– Methods (2)Methods (2)

SUBLOCSUBLOC
Hua & Sun 2001Hua & Sun 2001

Using Using the amino acid composition alonethe amino acid composition alone, applies support , applies support 
vector machine vector machine (SVM)(SVM) to predict the subcellular locale of a to predict the subcellular locale of a ( )( ) pp
proteinprotein

P k tP k tProkaryotesProkaryotes
Extracellular, periplasmic, or cytoplasmicExtracellular, periplasmic, or cytoplasmic

EukaryotesEukaryotes
Extracellular, mitochondrial, cytoplasmic or nuclearExtracellular, mitochondrial, cytoplasmic or nuclear



Subcellular Localization Subcellular Localization –– Methods (3)Methods (3)

TargetPTargetP
Emanuelsson et al. 2000Emanuelsson et al. 2000

Signal peptides at Signal peptides at the Nthe N--terminal endterminal end of a proteinof a protein

A series of machineA series of machine--learning algorithms, including learning algorithms, including neural neural 
networksnetworks & & SVMsSVMs, to identify , to identify signal peptidessignal peptides of three typesof three types

Chl lChl l  d dChloroplastChloroplast transit peptidestransit peptides
MitochondrialMitochondrial targeting peptide  targeting peptide  
SecretorySecretory pathway signal peptidepathway signal peptideyy p y g p pp y g p p



Subcellular Localization Subcellular Localization –– Methods (4)Methods (4)

LOC3DLOC3D
Nair & Rost 2003Nair & Rost 2003

A database of predicted subcellular localizations for A database of predicted subcellular localizations for 
eukaryotic proteins of eukaryotic proteins of known threeknown three--dimensional structure dimensional structure y py p
(PDB)(PDB), three underlying methods, three underlying methods

PredictNLS PredictNLS 
Searching for a known Searching for a known nuclear localization signalnuclear localization signalSearching for a known Searching for a known nuclear localization signalnuclear localization signal

LOChomLOChom
Using homology to determine localization Using homology to determine localization Using homology to determine localization Using homology to determine localization 

LOC3DLOC3D
 l k l k b d d  h db d d  h dA neural networkA neural network--based prediction methodbased prediction method



Subcellular Localization Subcellular Localization –– LOCkeyLOCkey

A related service of A related service of LOC3DLOC3D
Using Using keywordskeywords in in SwissSwiss--Prot annotationProt annotation to predict the to predict the gg yy pp
subcellular localizationsubcellular localization

A A comprehensivecomprehensive coverage of the methods & approaches coverage of the methods & approaches A A comprehensivecomprehensive coverage of the methods & approaches coverage of the methods & approaches 
available for the prediction of subcellular localizationavailable for the prediction of subcellular localization



Evaluation of Performance Evaluation of Performance 

NoNo continuous, largecontinuous, large--scale system that assesses and scale system that assesses and 
compares the performance of the different available compares the performance of the different available compares the performance of the different available compares the performance of the different available 
methodsmethods

   l    l   & l  & l  h   lh   lUsing Using a large test seta large test set & applying & applying the same statisticalthe same statistical
analysis to all the methodsanalysis to all the methods

Nair & Rost (2003) found Nair & Rost (2003) found a large variability in the accuracya large variability in the accuracy of of ( )( ) g y yg y y
the methodsthe methods

Best: extracellular >80%; cytoplasmic proteins > 50%; nuclear > Best: extracellular >80%; cytoplasmic proteins > 50%; nuclear > Best: extracellular >80%; cytoplasmic proteins > 50%; nuclear > Best: extracellular >80%; cytoplasmic proteins > 50%; nuclear > 
70%; mitochondrial > 60%70%; mitochondrial > 60%



Functional Class (1)Functional Class (1)

The prediction of The prediction of subcellular localizationsubcellular localization is part of the is part of the 
process of reducing the ambiguous term process of reducing the ambiguous term functionfunction to one that to one that process of reducing the ambiguous term process of reducing the ambiguous term functionfunction to one that to one that 
is better defineis better define

Th    b k d  Th    b k d  h   f fh   f f     The attempt to break down The attempt to break down the notion of functionthe notion of function into a into a 
series of series of wellwell--defined categoriesdefined categories

It is facilitated by It is facilitated by the definitionthe definition of of a set of functional classesa set of functional classesyy
to which a protein can be assignedto which a protein can be assigned
SoftwareSoftware were developed with the goal of assigning proteins to were developed with the goal of assigning proteins to 
each one of the functional classeseach one of the functional classesf fuf fu



Functional Class (2)Functional Class (2)

Ex mplEx mplExampleExample
A scheme of functional classes to annotate E. coli (Riley 1993; A scheme of functional classes to annotate E. coli (Riley 1993; 
next slide)next slide)

Some genome projectsSome genome projects adopted this general scheme, eventually adopted this general scheme, eventually 
making this the most widely used making this the most widely used terminology for the assignment terminology for the assignment g yg y gy ggy g
of functional classof functional class



Equivalence between the classification of E. coli proteins (Riley, 1993) and 
th th d i ht t i l ifi ti (STRUCTURAL t ithe three- and eight- categories classification (STRUCTURAL proteins are 
not included in this schema)



Prediction Methods Prediction Methods –– EUCLIDEUCLID

Tamames et al. 1998Tamames et al. 1998
A basic A basic machinemachine--learning algorithmlearning algorithm that learns  based on a that learns  based on a A basic A basic machinemachine learning algorithmlearning algorithm that learns, based on a that learns, based on a 
manually curated training setmanually curated training set, which combination of keywords is , which combination of keywords is 
mostly likely to indicate that the protein belong to a certain mostly likely to indicate that the protein belong to a certain 
functional typefunctional typefunctional typefunctional type

KeywordsKeywords in in SwissSwiss--ProtProt to assign a protein to one of Riley’s to assign a protein to one of Riley’s 
functional classfunctional class
>90% of the cases, the functional type that was determined by the >90% of the cases, the functional type that was determined by the , yp y, yp y
automated method was identical to the one that was assigned to it automated method was identical to the one that was assigned to it by by 
a human experta human expert

EUCLIDEUCLID requires that some annotation requires that some annotation (Swiss(Swiss--Prot keywords)Prot keywords)
already be assigned to the sequencealready be assigned to the sequence

Not really a method for prediction strictly from sequencesNot really a method for prediction strictly from sequences



Prediction Methods Prediction Methods –– ProtFunProtFun (1)(1)

Jensen et al. 2003Jensen et al. 2003

A recent & promising step toward A recent & promising step toward the prediction of the prediction of 
function from sequencefunction from sequence

Gene OntologyGene Ontology (GO; Ashburner et al. 2000) in attempt to (GO; Ashburner et al. 2000) in attempt to 
build a controlled vocabulary to describe genes & gene build a controlled vocabulary to describe genes & gene y g gy g g
productsproducts

Each protein can be assigned to a certain molecular functionEach protein can be assigned to a certain molecular function
Molecular functionMolecular functionMolecular functionMolecular function
Biological processBiological process
Cellular componentCellular component



DAG StructureDAG Structure

DDirected irected aacyclic (cyclic (環式環式) ) ggraphraph
Each Each childchild may have may have one or more parentsone or more parents

Shirley©



Relationship TypesRelationship Types

IsIs--a a 
Subclass; a Subclass; a isis one type of bone type of b

P tP t ffPartPart--ofof
Physical part of (component)Physical part of (component)
SubSub--process of (process)process of (process)p (p )p (p )

Shirley©



The True Path RuleThe True Path Rule

Every Every pathpath from a from a nodenode backback to the to the rootroot must be must be biologicallybiologically
accurateaccurate

Shirley©



http://www.geneontologyhttp://www.geneontology
org/org/.org/.org/



GO Evidence CodeGO Evidence Code From reviews or From reviews or 
i t d ti si t d ti sGO Evidence CodeGO Evidence Code

IDAIDA TASTAS

introductionsintroductions

IDAIDA
Inferred from Direct AssayInferred from Direct Assay

IMPIMP
Inferred from Mutant PhenotypeInferred from Mutant Phenotype

TASTAS
Traceable Author StatementTraceable Author Statement

NASNAS
NN t bl  A th  St t tt bl  A th  St t tInferred from Mutant PhenotypeInferred from Mutant Phenotype

IGIIGI
Inferred from Genetic InteractionInferred from Genetic Interaction

NonNon--traceable Author Statementtraceable Author Statement

ICIC
Inferred by CuratorInferred by Curator

IPIIPI
Inferred from Physical InteractionInferred from Physical Interaction

EE

ISSISS
Inferred from Inferred from SequenceSequence or or StructuralStructural
SimilaritySimilarity

IEPIEP
Inferred from Expression PatternInferred from Expression Pattern IEAIEA

Inferred from Electronic AnnotationInferred from Electronic Annotation

NDND
Not DeterminedNot Determined

From Primary LiteratureFrom Primary Literature AutomatedAutomated



Prediction Methods Prediction Methods –– ProtFunProtFun (2)(2)

Currently, there are hundreds of Currently, there are hundreds of 
GO categoriesGO categories

ProtFunProtFun focuses on 347 of them  focuses on 347 of them  
& uses & uses complex systems of complex systems of 

l kl k  di   di  h  h  neural networksneural networks to predict to predict the the 
GO functionalGO functional classificationclassification of a of a 
protein from its sequenceprotein from its sequence

   90%    90% Impressive accuracy  >90% Impressive accuracy  >90% 

Current coverage is only partialCurrent coverage is only partial
& many of the query proteins are & many of the query proteins are 
returned without any prediction returned without any prediction 
at allat all

CDC13_YEAST


