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What 1s GO for?

“The original intent of the group was to constructa
set of vocalularies comprisingterms that we could
sharewith acommonunderstandingf the meaningof
arny term used,andthat could supportcross-database
gueries.
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A SWISS-PROT entry

3228882HK9¢9

A3 332323223233

32

33332322

33
2 F

8888R2 2323223

PRI O_HUMAN STANDARD; PRT; 253 AA.
P04156;
01-NOV-1986 (Rel. 03, Created)

01-NOV-1986 (Rel . 03, Last sequence update)

20- AUG 2001 (Rel . 40, Last annotation update)

Maj or prion protein precursor (PrP) (PrP27-30) (PrP33-35C) (ASCR).
PRNP.

Homo sapi ens ( Human)

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostonmi;
Mammel i a; Eutheria; Primates; Catarrhini; Honmi nidae; Hono.

NCBI _Tax| D=9606;

[1

SEQUENCE FROM N. A.

MEDLI NE=86300093; PubMed=3755672;

Kretzschmar H A, Stowing L.E, Vestaway D., Stubblebine WH.,
Prusiner S.B., Dearnond S.J.;

“Mol ecul ar cloning of a human prion protein cDNA ";

DNA 5: 315-324(1986) .

[21

SEQUENCE OF 8-253 FROM N. A

MEDLI NE=86261778; PubMed=3014653;

Liao Y.-C. J., Lebo RV., Cawson G A, Snuckler E A ;

"Hunman prion protein cDNA: nol ecul ar cloning, chronosonal mapping,
and bi ol ogi cal inplications
Sci ence 233: 364-367(1986) .
(31

SEQUENCE OF 58-85 AND 111-150 (VARIANT AWLQ D GSS) .

MEDLI NE=91160504; PubMed=1672107;

Tagliavini F., Prelli F., CGhiso J., Bugiani O, Serban D.,

Prusiner S.B., Farlow MR, Chetti B., Frangione B.;

"Anyloid protein of Gerstmann-Straussler-Scheinker di sease (Indiana

kindred) is an 11 kd fragment of prion protein with an N-term nal

glycine at codon 58.";

EMBO J. 10:513-519(1991).

(4

STRUCTURE BY NWVR OF 118-221

MEDLI NE=20359708; PubMed=10900000;

Cal zol ai L., Lysek D.A., Guntert P., von Schroetter C., Riek R,

Zahn R, Wethrich K. ;

“NMR structures of three single-residue variants of the human prion

protein.";

Proc. Natl. Acad. Sci. U S.A 97:8340-8345(2000) .

-1- FUNCTION THE FUNCTION OF PRP IS NOT KNOAN. PRP | S ENCODED I N THE
HOST GENOVE AND | S EXPRESSED BOTH | N NORMAL AND | NFECTED CELLS.

-1- SUBUNIT: PRP HAS A TENDENCY TO AGGREGATE YI ELDI NG POLYMERS CALLED
" RODS".

1132233333333 I33333333333333338888838888888888888

-1- SUBCELLULAR LOCATION: ATTACHED TO THE MEMBRANE BY A GPI - ANCHOR

-1- POLYMORPH SM THE FI VE TANDEM OCTAPEPTI DE REPEATS REG ON IS H GHLY
UNSTABLE. | NSERTI ONS OR DELETI ONS OF OCTAPEPTI DE REPEAT UNI TS ARE
ASSOCI ATED TO PRI ON DI SEASE.

-1- DISEASE: PRP |'S FOUND I N H GH QUANTITY IN THE BRAIN OF HUMANS AND
ANIMALS | NFECTED W TH NEURCDEGENERATI VE DI SEASES KNOWN AS
TRANSM SSI BLE SPONGI FORM ENCEPHALOPATH ES COR PRI ON DI SEASES, LI KE:
CREUTZFELDT- JAKOB DI SEASE (CJD), GERSTMANN- STRAUSSLER SYNDROVE
(GSS), FATAL FAM LIAL INSOWNIA (FFI) AND KURU I N HUVANS; SCRAPIE
I'N SHEEP AND GOAT; BOVI NE SPONGI FORM ENCEPHALOPATHY (BSE) IN
CATTLE; TRANSM SSI BLE M NK ENCEPHALOPATHY (TME); CHRONI C WASTI NG
DI SEASE (OWD) OF MULE DEER AND ELK; FELINE SPONG FORM
ENCEPHALCOPATHY (FSE) | N CATS AND EXOTI C UNGULATE ENCEPHALCOPATHY
(EUE) IN NYALA AND GREATER KUDU. THE PRI ON DI SEASES | LLUSTRATE
THREE MANI FESTATI ONS OF CNS DEGENERATION: (1) | NFECTIQUS (2)
SPORADI C AND (3) DOM NANTLY | NHERI TED FORMS. TME, CWD, BSE, FSE,
EUE ARE ALL THOUGHT TO OCCUR AFTER CONSUMWPTI ON OF PRI ON- | NFECTED
FOCDSTUFFS.

EMBL; ML3667; AAA19664.1; -.

EMBL; ML3899; AAA60182.1; -.

EMBL; DO0015; BAA00011.1; -.

PIR A05017; A05017.

PIR A24173; A24173.

PI R S14078; S14078.

PDB; 1E1G 20-JUL-00.

PDB; 1E1J; 20-JUL-00.

PDB; 1E1P; 20-JUL-00.

PDB; 1E1S; 21-JUL-00.

PDB; 1E1U; 20-JUL-00.

PDB; 1E1W 20-JUL-00.

MM 176640; -

MM 123400; -

MM 137440; -

MM 245300; -

MM 600072; -

MM 604920; -

InterPro; |PRO00817; Prion.

Pfam PF00377; prion; 1.

PRINTS; PR00341; PRI ON

SMART; SM0157; PRP; 1.

PROSI TE; PS00291; PRION_1; 1

PROSI TE; PS00706; PRION_2; 1

Prion; Brain; Gycoprotein; GPl-anchor; Repeat; Signal;

3D-structure; Pol ynorphism Disease nutation.

SI GNAL 1 22
CHAI N 23 230 MAJCR PRI ON PROTEI N.
PROPEP 231 253 REMOVED | N MATURE FORM (BY SIM LARITY) .

FT LIPID

FT  CARBOHYD
FT DI SULFID

FT  DOMAIN
FT

FT  REPEAT
FT  REPEAT
FT  REPEAT
FT  REPEAT
FT  REPEAT
FT VAR ANT
FT

FT VAR ANT
FT

FT VAR ANT
FT

FT

FT VAR ANT
FT

FT

FT

FT

FT VAR ANT
FT

FT VAR ANT
FT

FT VAR ANT
FT

FT VAR ANT

FT VAR ANT

FT VAR ANT

FT VAR ANT

FT VAR ANT

SQ  SEQUENCE

230
181
179

51

183

188

188

253 AA

Nk
M SR

183

188

188

27661 M

GPI - ANCHOR (BY SIM LARITY).
N-LI NKED (GLCNAC. ..) (PROBABLE)
BY SIM LARITY.
5 X 8 AA TANDEM REPEATS CF P-H G G G WG
Q
1
2
3
4
5
P -> L (IN GSS AND EQAD)
| FTI d=VAR 006464
P-> L (IN GSS)
1 FTI d=VAR 006465
A -> V (LINKED TO DEVELOPMENT OF
DEMENTI NG GSS) .
| FTI d=VAR 006466
M-> V (DETERM NES THE DI SEASE PHENOTYPE
IN PATI ENTS WHO HAVE A PRP MUTATI ON AT
CODON 178: PATI ENTS W TH MET DEVELCP FFI,
THOSE W TH VAL DEVELCP CID).
/ FTI d=VAR 006467
N -> S (I N SCH ZOAFFECTI VE DI SORDER) .
/ FTI d=VAR 006468
D-> N (INFFI AND CID).
1 FTI d=VAR 006469
V->1 (IN QD).
/ FTI d=VAR 006470
T -> A (IN FAM LI AL SPONG FORM
ENCEPHALGPATHY) .
/ FTI d=VAR 006471
H-> R (IN GSS).
/ FTI d=VAR 008746
T -> K (IN EOAD, DEMENTI A ASSCCI ATED TO
PRI ON DI SEASES) .
/ FTI d=VAR 008748
T->R
| FTI d=VAR 008747
E-> K (INCID).
/ FTI d=VAR 008749
/ FTI d=VAR 006472
43DB596BAAAGGA84 CRCG4;

MANLGOWMLY LFVATWSDLG LOKKRPKPGG WNTGGSRYPG %P&NR‘(P P
HGGONG P!

SKPKTNVK GAAAA(

HG GS.M,\%DFGKS
M. GSAMBRPI | H FGSDYEDRYY NIVHRY? VYYRPMDEYS WFVHDOI
ER ESQAYYQRGS FSSPRV

TTTKGENFTE TDVKMVERW EQMCI TQYI

VT
FL IVG
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A SWISS-PROT entry

3228882HK9¢9

A3 332323223233

32

33332322
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2 F
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(31
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MEDLI NE=91160504; PubMed=1672107;

Tagliavini F., Prelli F., CGhiso J., Bugiani O, Serban D.,
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Cal zol ai L., Lysek D.A., Guntert P., von Schroetter C., Riek R,

Zahn R, Wethrich K. ;

“NMR structures of three single-residue variants of the human prion

protein.";

Proc. Natl. Acad. Sci. U S.A 97:8340-8345(2000) .

-1- FUNCTION THE FUNCTION OF PRP IS NOT KNOAN. PRP | S ENCODED I N THE
HOST GENOVE AND | S EXPRESSED BOTH | N NORMAL AND | NFECTED CELLS.
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" RODS".

1132233333333 I33333333333333338888838888888888888
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-1- POLYMORPH SM THE FI VE TANDEM OCTAPEPTI DE REPEATS REG ON IS H GHLY
UNSTABLE. | NSERTI ONS OR DELETI ONS OF OCTAPEPTI DE REPEAT UNI TS ARE
ASSOCI ATED TO PRI ON DI SEASE.

-1- DISEASE: PRP |'S FOUND I N H GH QUANTITY IN THE BRAIN OF HUMANS AND
ANIMALS | NFECTED W TH NEURCDEGENERATI VE DI SEASES KNOWN AS
TRANSM SSI BLE SPONGI FORM ENCEPHALOPATH ES COR PRI ON DI SEASES, LI KE:
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CATTLE; TRANSM SSI BLE M NK ENCEPHALOPATHY (TME); CHRONI C WASTI NG
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ENCEPHALCOPATHY (FSE) | N CATS AND EXOTI C UNGULATE ENCEPHALCOPATHY
(EUE) IN NYALA AND GREATER KUDU. THE PRI ON DI SEASES | LLUSTRATE
THREE MANI FESTATI ONS OF CNS DEGENERATION: (1) | NFECTIQUS (2)
SPORADI C AND (3) DOM NANTLY | NHERI TED FORMS. TME, CWD, BSE, FSE,
EUE ARE ALL THOUGHT TO OCCUR AFTER CONSUMWPTI ON OF PRI ON- | NFECTED
FOCDSTUFFS.

EMBL; ML3667; AAA19664.1; -.

EMBL; ML3899; AAA60182.1; -.

EMBL; DO0015; BAA00011.1; -.

PIR A05017; A05017.

PIR A24173; A24173.

PI R S14078; S14078.

PDB; 1E1G 20-JUL-00.

PDB; 1E1J; 20-JUL-00.

PDB; 1E1P; 20-JUL-00.

PDB; 1E1S; 21-JUL-00.

PDB; 1E1U; 20-JUL-00.

PDB; 1E1W 20-JUL-00.

MM 176640; -

MM 123400; -

MM 137440; -

MM 245300; -

MM 600072; -

MM 604920; -

InterPro; |PRO00817; Prion.

Pfam PF00377; prion; 1.

PRINTS; PR00341; PRI ON

SMART; SM0157; PRP; 1.

PROSI TE; PS00291; PRION_1; 1

PROSI TE; PS00706; PRION_2; 1

Prion; Brain; Gycoprotein; GPl-anchor; Repeat; Signal;

3D-structure; Pol ynorphism Disease nutation.

SI GNAL 1 22
CHAI N 23 230 MAJCR PRI ON PROTEI N.
PROPEP 231 253 REMOVED | N MATURE FORM (BY SIM LARITY) .

FT LIPID 230 230
FT  CARBOHYD 181 181
FT DI SULFID 179 214

GPI - ANCHOR (BY SIM LARITY).
N-LI NKED (GLCNAC. ..) (PROBABLE)
BY SIM LARITY.

FT  DOMAIN 51 91 5 X 8 AA TANDEM REPEATS CF P-H G G G WG
FT Q

FT  REPEAT 51 59 1

FT  REPEAT 60 67 2

FT  REPEAT [ 75 3

FT  REPEAT 76 83 a

FT  REPEAT 84 91 5

FT VAR ANT 102 102 P -> L (IN GSS AND EQAD)

FT | FTI d=VAR 006464

FT VAR ANT 105 105 P -> L (IN GSS)

FT 1 FTI d=VAR 006465

FT VAR ANT 17 117 A -> V (LINKED TO DEVELOPMENT OF

FT DEMENTI NG GSS) .

FT | FTI d=VAR 006466

FT VAR ANT 129 129 M-> V (DETERM NES THE DI SEASE PHENOTYPE
FT IN PATI ENTS WHO HAVE A PRP MUTATI ON AT
FT CODON 178: PATI ENTS W TH MET DEVELCP FFI,
FT THOSE W TH VAL DEVELCP CID).

FT / FTI d=VAR 006467

FT VAR ANT 171 171 N -> S (IN SCH ZOAFFECTI VE DI SORDER) .

FT / FTI d=VAR 006468

FT VAR ANT 178 178 D-> N (IN FFl AND CJD).

FT / FTI d=VAR 006469

FT VAR ANT 180 180 V->1 (IN QD).

FT / FTI d=VAR 006470

FT VAR ANT 183 183 T -> A (IN FAM LI AL SPONG FORM

FT ENCEPHALGPATHY) .

FT / FTI d=VAR 006471

FT VAR ANT 187 187 H-> R (IN GSS).

FT / FTI d=VAR_008746.

FT VAR ANT 188 188 T -> K (IN EQAD;, DEMENTI A ASSCCI ATED TO
FT PRI ON DI SEASES) .

FT / FTI d=VAR_008748

FT VAR ANT 188 188 T->R

FT 1 FTI d=VAR_ 008747

FT VAR ANT 196 196 E-> K (IN QD).

FT 1 FTI d=VAR_008749

FT / FTI d=VAR_006472

SQ SEQUENCE 253 AA; 27661 MN  43DB596BAAA66484 CRCB4;

MANLGOWMLY LFVATVBDLG LOKKRPKPGG WNTGGSRYPG PGGNRYP P
HG aceel HGGONG PSKEKTV\NK

WWGEE M GSAZVEERPI | H FGSDYEDRYY EI\MR}-%A\% VYYRPMDEYS WFVHDOI
INL[{ gg—jl’\;/{ ;I'\I'/EKEV\FTE TDVKMVERW EQVCI TQYER ESQAYYQRGS FSSPPV
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What do want to ask?

« Whatproteinsaresemantically smilar to aquery
protein?

« Or whatproteinshave semantically similar
annotation?
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Judging Semantic Distance

* Directmatches.Two proteinsaresemantically
similarif they areannotatedvith the sameterms.

« But whatof “transmembraneeceptor”,
(G0O:0004888)and“photoreceptor”,
(GO:0009881)

« Probabilityof adirectmatchdepend®nthesize

of GO.

PSB2003 Similarity —p.5/18



Edge Distance

* ThefurtherGOtermsareaway in the DirectedAcyclic
Graph(DAG), thelessrelatedthey are.

* “photoreceptor’,(GO:0008B81)and“transmembrane
receptor”,(GO:0003F54)sharea commonparent.

* “chaperone”(G0O:000354)and“signaltransdeer”,
(GO:0004871)shareacommonparent.

Conolunc >

photoreceptor

PSB2003 Similarity —p.6/18



How 1s GO Used?

« GO hasalreadybeenusedto annotatanary
database<LLCanwe usetheinformationin the
corpus?

« Canwe definesimilarity extensionallyratherthan
iIntentionally?

PSB2003 Similarity —p.7/18



| nformation Content

Thelessfrequentlyatermoccursthemore
Informatwelt Is.

PSB2003 Similarity —p.8/18



| nformation Content

Thelessfrequentlyatermoccursthemore
Informatwelt Is.
“Alpha Mating Factor”

Rosettalnpharmatics:Pubs: Signalingand Circuitry
of Multiple MAPK Pathways...

Zymo Researcls new 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

PSB2003 Similarity —p.8/18




| nformation Content

Thelessfrequentlyatermoccursthemore
Informatwvelt Is.
“Sex Pheromone”
Primal Instinct Pheromones Pheromonel he secret
formulato getgirls!

PHEROMONE POWER human sex pheromones
PHEROMONE POWER The mostpowerfull love po-
tion! HumanPheromonehe proveningredient

PHEROMONE ATTRACTION building self confi-
dencePHEROMONE ATTRACTION Primal Instinct
pheromones Incredible

Learnthe art of SEDUCTION.AIll Freelnformation.
sex pheromone- aphrodisiac- pheromonesmell!!

PSB2003 Similarity —p.8/18



| nfor mation Content and GO

We definep(c) asthe numberof timeseachterm,or
any of its childrenoccut divided by the numberof
timesary termoccurs.
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| nfor mation Content and GO

We definep(c) asthe numberof timeseachterm,or
any of its childrenoccut divided by the numberof
timesary termoccurs.

receptor-associated protein
G0:0016962 p = 0.00159
transmembrane receptor
G0:0004888 p = 0.0997
receptor
G0:0004872 p = 0.124
signal transducer isa photoreceptor
G0:0004871 p = 0.208 G0:0009881 p = 0.00043
i receptor signaling protein
GO0:0005057 p = 0.0281

Cchaperone
G0:0003754 p = 0.010

ligand
G0:0005102 p = 0.0460
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| nfor mation Content and GO

We definep(c) asthe numberof timeseachterm,or

any of its childrenoccurt divided by the numberof
timesary termoccurs.

receptor-associated protein
G0:0016962 p = 0.00159
transmembrane receptor
G0:0004888 p = 0.0997
receptor
G0:0004872 p = 0.124
signal transducer isa photoreceptor
G0:0004871 p = 0.208 G0:0009881 p = 0.00043
isa receptor signaling protein
GO0:0005057 p = 0.0281

Cchaperone
G0:0003754 p = 0.010

ligand
G0:0005102 p = 0.0460

Becausdhe GO aspectaredisconnectedub-graphs,
we cancalculatethis probability for any aspector for
GO asawhole.

PSB2003 Similarity —p.9/18



Probabilitiesto Similarity

We defineprobability of the minimum subsumer p,,,s
as

ms(cl, c2) = | 1
pus(clie?) = min {p(c)) (1)

whereS(cl, ¢2) is the setof parentakconceptshared
by thequerytermscl, c2.

PSB2003 Similarity —p.10/18



Probabilitiesto Similarity

sim(cl, c2) = — In py,s(cl, c2)

sl Resnik, 1995

PSB2003 Similarity —p.10/18



Probabilitiesto Similarity

. _ 2X[Inpms(cl,c2)]
sim(cl, c2) = 1np(cf)+lnp(c2)

sl Lin, 1998

dist(cl, c2) = —21In pp,s(cl, c2) —
(Inp(cl) + Inp(c2))

el |JiangandConrath,1998

PSB2003 Similarity —p.10/18



M easur es

We canusethesemetricsto provide a “semantic

similarity search” similarto a sequencaimilarity
search.

Here we have performeda pairwise comparisonbe-
tweenthe searchprotein,andeachproteinin SWISS-

PROT, andranked the results,usingthe Resnikmea-
sure.

PSB2003 Similarity —p.11/18



Searching SWISS-PROT

MolecularFunction

OPSG_HUMAN

OPN4_HUMAN
OPSB_HUMAN

5H6_HUMAN

AlAA_HUMAN

AlAB_HUMAN

Green-sasitive opsn (Greenconephotoreeptor
pigment).

Opsin4 (Melanopsin).

Blue-semitive opsin (Blue cone photoreeptor
pigment).

5-hydroxytryptamine 6 receptor(Serotoninre-
cepor)

Alpha-1A adrenegic receptor (Alpha 1A-
adreroceptor)

Alpha-1B adrenegic receptor (Alpha 1B-
adreroceptor).

8.15

7.23
4.92

3.92

3.92

3.92

Searchingvith OPSR_HUMAN

PSB2003 Similarity —p.12/18



Searching SWISS-PROT

Biological Process
AIPL_ HUMAN Aryl-hydrocarbonnteractingprotein-like 1. 2.89
CNCG_HUMAN | Retinalconerhodogsin-sensitre cGMP 2.89
CNRA_HUMAN | Rod cGMP-speific 3',5-cyclic phosodi- | 2.89
esteras
CNRC_HUMAN | Cone cGMP-specific 3’,5’-cyclic phosgodi- | 2.89
esteras
CNRD_HUMAN | Retinalrod rhodop#-sensitve cGMP 2.89
CRB1_HUMAN | BetacrystallinB1. 2.89

Searchingvith OPSR_HUMAN

PSB2003 Similarity —p.12/18



Searching SWISS-PROT

CellularComponent

1A01 HUMAN HLA classl histocompdbili ty antigen 1.86

5H1A HUMAN | 5-hydroxytryptaminelA receptor(5-HT-1A) 1.86

AlA2 HUMAN | Sodium/potasium-transportingATPase alpha-2 | 1.86
chan

A1AA HUMAN | Alpha-1A adreremic receftor 1.86

A33 HUMAN Cell surfaceA33 antigenprecursor 1.86

ACHA HUMAN | Acetylcholine receptorprotein 1.86

Searchingvith OPSR_HUMAN

PSB2003 Similarity —p.12/18



Selecting a measure

e but which measures best?
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Selecting a measure

e but which measures best?

Previously we have usedcomparisorwith sequence
similarity to testthe Resnikmeasure.
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Selecting a measure

e but which measures best?

Previously we have usedcomparisorwith sequence
similarity to testthe Resnikmeasure.

If two sequencearesimilar, theannotatiorshould
alsobesimilar.
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Selecting a measure

« BLAST all SWISS-PRT sequences.
» For eachtake all pairs(queryandhit).
« Comparesemanticsimilarity, with In|bitscore].

« Averagesemanticsimilarity for intervals of
In|bitscore]

PSB2003 Similarity —p.13/18



Selecting a measure

I
Function
Process
Component

>
ks
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n
2
g
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£
[<5)
wn

N
N

THE LINIVERSITY 1 1 1

2 MANCHESTER . 45 5 55
BLAST Sequence Similarity:- In [bit score]
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Selecting a measure

I
Function
Process
Componegnt

>
ks
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n
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N
N

THE LINIVERSITY 1 1 1

2 MANCHESTER ) . 45 5 55
BLAST Sequence Similarity:- Log (bit score)
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Selecting a measure

I
Function
Process
Component

(0]
[&]
[
©
S
o
&
Q
—
C
©
£
[¢b]
0p]

N
N

THE LINIVERSITY

2 MANCHESTER . 45 55
BLAST Sequence Similarity:- Log (bit score)
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Arethe aspects orthogonal ?

The semanticsimilarity measureganbe basedon the
aspector GO asawhole. Which is bestfor a search?
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Arethe aspects orthogonal ?

[ [
Function vs Process

Function vs Component
Process vs Component

N
N

THE LINIVERSITY
2 MANCHESTER
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Arethe aspects orthogonal ?

In all caseghereis a weakbut significantcorrelation
betweenrall thesemantisimilarity of all threeaspects.
Thelargedegreeof independencbetweerthe aspects
thereforesuggestshat searchingover GO asa whole
IS Inappropriateunlesdooking for exactmatches.
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Conclusions

 Informationcontentbasedneasuresanusefully
beappliedto GO.

« Of thevariousinformationbasedcontent
measureso standoutashaving aclear
adwvantage.

« Theaspectarelargely independentand
searchings probablybestdoneover each

individually.
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Future Work

» Userstudies.

* We have awebsearchenginein place,anda
downloadabldibrary.
(http://www.gosst.man.ac.uk).

« Applying thesemeasure$o outlier analysis,
which haspreviously beenusedto identify
mis-annotations.
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