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Abstract

We describe a system for BioCreatve

Task 2.1: finding evidencethat suppports
a GO term annotationfor a given protein

in a given biomedicalpaper We approach
the problemas a questionansweringtask,

wherethe queryis constructedrom a pro-

tein name,a GO termandits definition.

1 Introduction

The GO ontology is a hierarchicalcollection of bi-
ological processescellular componentsand molec-
ular functions. The termsin the ontology tell i)
whatarethe processes which the proteintakespart
(“bi ol ogi cal process” terms),ii) wherein the
cell they occur(“cel | ul ar conponent ” terms),
and iii) how the protein operates(“nol ecul ar
funct i on” terms).Thegoalof BioCreatve Task2.1
wasto extractpiecesof evidencefor GO codesrom a
givensetof articlespublishedbetweertheyears1998-
2002in the Journalof Biological Chemistry(JBC).

In this paperwe describea question-answeringp-
proachto this task. Our approachstartswith word-
level normalisation®f thetermdefinitions,alongwith
a heuristicsearchin the paperbody for acroryms ex-
plicitly referringto the protein. We then constructa
setof queriesfrom the words comprisingthe protein
name, explicit protein referencesand the GO term
definition. Thesequeriesare further expandedusing
the GO ontology Our queryapproachs similarto the
onetakenby Osborneetal. (2003 Section3) for find-
ing evidencefor GeneRIFcodesin paperabstracts.

2 Input and Pre-processing

For eachJBC article, the accessiomumberof a pro-
teinaswell asa GO codewerespecifiedusuallysev-
eral GO codesweregiven per article). Usingthe ac-

cessiomumbeywe acquirecthefull nameof the pro-
tein from the HumanGenomeOrganisatio(HUGO!)
database In addition, we retrieved the nameof the
GO termandits definitionfrom the GO database.
The protein name, GO term and term definition
sened asa basisfor generatinga queryfor potential
evidencetext. In this sectionwe describeandmotivate
the pre-processingtepsthatwerecarriedoutin order
to generate query Thefollowing stepswereused:

e Stemming:normalisingnouns,verbs,andadjec-
tivesderivedfrom asinglerootinto onelemma.

e Acronym lookup: finding acrorymsin the paper
thatreferto the proteinin question.

¢ Queryexpansion: addingquerytermsbasedon
the GO ontology

e Markup: markingcertainwordswith labelsthat
would beretrieved by queries.

2.1 Stemming

The GO definition often containsnominalisationsor
adjectvesthatdescribecertainfunctions,whereaghe
bodyof the papemaycontainverbsfor describinghe
samefunctions,for example:

PMID: 10026212
go code: GO:0004337
go name: gerawyltranstransfease actiity

go def: Catalysisof the reaction: geraryl
diphosphate- isopentewl diphosphate
= diphosphate+ trans,transdrnesy

diphosphate.
evidence: Gerarylgeraryl diphosphate
(GGPP) synthase (GGPPSase)

catalyzes the synthesis of GGPR
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Similarly, the body of the papemay containanad-
jective derived from the samelemmaasa nominalisa-
tion thatappearsn the GO information,asthis exam-
ple shaws:

PMID: 10037736

prot name: NF-E2-relatedactor3
go code: GO:0003700

go name: transcriptionfactoractvity

evidence: ... indicating that Nrf3 is a
transcriptionahctivator

As theseexamplesdemonstratesuchnominalisa-
tions andadjectves needto be reducedto a common
lemmaform in orderfor sentencesuchasthe abose
to beretrieved. We thereforemadethe following con-
versions:

e Adjectives ending with “lytic” or “otic” were
corvertedto nominalisationse.g.,“catalytic” —
“catalysis”,“hidrotic” — “hydrosis”,

e Words ending with “ional” were corverted to
nominalisationgy removing the final “al”, e.g.,
“transcriptional”— “transcription”,andfinally

e Nominalisationswere converted to the corre-
spondingverblemma,e.g. “catalysis” — “catal-
yse” usinga list from the Unified Medical Lan-
guageSysten® (UMLS?3).

2.2 Acronym lookup

In general paperauthorgendto useanacrorym when
referringto the protein,eitheroneor several aliasesor
anovel acrorym, for example:

1. PMID: 10026212

prot name: Gerarylgeraryl pyrophosphatesyn-
thetase (GGPP synthetase)(GGPPSASE)
(Gerarylgeraryl diphosphateynthase)

reference in paper: GGPPSASE

2. PMID: 10037736
prot name: NF-E2-relatedactor3
referencein paper: Nrf3

3. PMID: 10066790

prot name: Adapterrelated protein complex 4
w1 subunit

reference in paper: AP4,AP-4

Sinceexisting acrorym lists may be incompleteor
not entirely up to date,we usedthe heuristicshavn
in Figurel for finding theacrorym usedin anarticle.

Find protein reference:

1. Testthe 10 mostfrequentwordsor bigramsin
descendingrderof frequeng. For eachword
(or bigram):

2. Testwhetherit:

e containstwo uppercaseletters,or

e containsalphabeticas well as digits or
greekletters.

(ignoring“DNA” and“RNA")

3. If theword satistfiestheseconditions,iden-
tify it astheacro/nym.

4. Otherwisetest whetherthe word/bigramis
part of the protein name (ignoring the words
“gene” and“protein”) andacceptit asa refer
enceto the proteinif thisis thecase

Figurel: Heuristicfor findingasynorym thatrefersto
the proteinwhichis the subjectof a biomedicalpaper

Wherethealgorithmdoesnot find anacrorym, it pro-
posesasub-stringof theproteinnamewherepossible.

The heuristicis basedon the hypothesisthat this
acrorymwouldbeamongthemostcommonacroryms
in the article, becausét refersto the proteinwhich is
beingdiscussed.

For the purposeof acrorym search,words were
standardizedy remaoving dashes.In addition, since
sometimes proteinnamemay startwith alower-case
letterindicatingthe organismwe removedlower-case
lettersfrom the beginningof thenamewherefollowed
by anuppercaseletter This standardisatiomesulted,
for example,in the strings*hGCAP-3” and“GCAP3”
beingcountedasthe samesymbol.

While in generalthe acrorym is derived from the
protein name, in some articles the most frequent
acrorym denoteda homologueof the protein,or was
generatedby a differentnamingscheme:

1. PMID: 10066793
prot name: LAK-1
reference in paper: TRF4

2. PMID: 10066796
prot name: Ankyrin-like protein
reference in paper: pl120

3. PMID: 10075682

prot name: Potassium channel subamily K
membero
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reference in paper: TWIK2, TWIK-2

Althoughwe found this heuristicgenerallyhelpful
in recoveringacroryms, it failedundercertaincircum-
stances:

1. PMID: 10075657
prot name: Neurogranin

acronym found: CaM
Calmodulin)

reason: The paper discussesinteractions be-
tweenNeurograninand Calmodulin,hence
the highfrequeng of “CaM”.

(abbreviation  for

2. PMID: 10318868
prot name: Dynactin6
acronym found: OXPHOS

reason: The paperdiscusseshe effect of lack
of the ANT1 isoform of the adeninenu-
cleotidetranslocatoon up-regulationof nu-
clearandmitochondrialgenesn mice. Lack
of this proteinis relatedto the humanox-
idative phosphorylatiofOXPHOS)disease,
hencethe acrorym denotingthis processs
very frequenthere.

Theseproblemscould be amendedby further lin-
guistic processingbut restrictedthe analysisto the
word level. In addition,we ignoredthe experimental
sectionof the biomedicalarticlesbecausehis section
is unlikely to containevidencetexts for GO terms.

2.3 Query expansion

The evidencetext may containwordsthat do not ap-

pearin the GO definition or term, but are relatedto

it. For example, evidencefor “signal transduction”
(G0O:0007165)may stemfrom sentencesontaining:

{1

e verbslike “inhibit”,

stimulate”, “activate”,

e referenceso cellularcomponentsike the Golgi,

e descriptve wordslike “intracellular” or “recep-
tor”.

Looking for evidencefor a GO term, we usedwords
from a list compiledby humanexpertsfor query ex-
pansion.In addition,we usedwordsfrom thetitles of
morespecificGOterms.

24 Markup

In the last preprocessingtepwe lemmatisednouns
andverbsthatappeain theproteinnametheGOterm
nameandthe GO term definition for eachdocument.
This processingelied on certainnominalisationsand

adjectvesbeingreducedo verblemmasin the stem-
ming step,andits outputwasa list of nounandverb
lemmasfrom the proteinnameandthe GO informa-
tion.

We then marked up nouns and verbs that have
theselemmasin the article with labelsdenotingtheir
part-of-speechand the informationfield whereeach
lemma appears. For example, the noun “GGPP-
SASE”"thatappearedh theproteinnameof thearticle
with the PMID 10037736wasannotatedvith thetag
“PROTNAME- NN” . In caseaverbor nounappearedh
severalfields,e.g.in theproteinnameandthe GO def-
inition, it wasannotatedvith all correspondingags.
In addition,acroryms andwordsthat canbe usedfor
gueryexpansiorweremarked up with specialtags.

25 Summary

At the endof the preprocessinghasewe hadarticle
words annotatedwith tagsreferringto potential evi-
dencehey provide. Thesdagswerethenusedasinput
into gtile, thequery-basegassageankingtool.

3 Question Answering System

We re-casfTask2.1asa query-based passage segmen-
tation and ranking problem:givenaqueryandadocu-
ment,find thetop-N sentences thedocumenivhose
contentis mostcloselyrelatedto thequery

This view madethe problem directly susceptible
to re-useof an existing query-basegassageanking
tool: gtile (Leidneretal., 2003)wasoriginally devel-
opedto reducegheamounif text to beparsedn QED,
the Edinturgh questionansweringsystemfor TREC-
12.

This“tiler” extractsfrom thesetof documents set
of sggments(“tiles”) basedon the occurrenceof rele-
vantwordsin a query which compriseshe words of
thequestion.A sliding window is shiftedsentencdy
sentencever thetext stream retainingonly the win-
dow tiles thatcontain:i) at least one of the wordsin
thequeryandii) all upper-case query words.

Thescoringfunctionfor eachtile considers

¢ the numberof non-stopwrd queryword tokens
occurringin thetile;

e abonusfor correspondingapitalisationof each
termin queryandtile, respectrely

e term bigrams and trigrams that occur in both
questionandtile

The scorefor every tile is multiplied with a triangu-
lar window functionto weightsentencesloserto the
middle of awindow higher



total GOterm evidence evidencetoo | evidenceaccurate
annotationg missed | looselyrelated general for GOterm
biologicalprocess 517 110| 21% | 232 | 44% 76| 14% 99 19%
cellularcomponent] 181 37| 20% | 81| 44% 18| 9% 45 24%
molecularfunction 319 85| 26% | 102 | 31% 39| 12% 93 29%

Table1: Evaluationof the quality of GO termevidencetext by run 1.

4 Application

For the applicationin Task2, the query consistedof
the different information tags generatecdoy the pre-
processingohase. In orderto avoid over-scoringby
a chancealignmentof taggedwords, we inserteda
dummyword betweemjuerytagsto ensurethatno bi-
gramsor trigramsfrom the query appearin the pro-
cessedlocument.

In orderto get morelikely sentencegrior to less
likely ones,we appliedfilters to the query outputin
thefollowing order:

1. Sentencethatcontainaword from the query
expansion(derivedfrom the GO term)

averbfrom the GO definition,

averbfrom the GO name,

A WD

anounfrom the GO name,or
5. norestrictions

Thefilters wereappliedasa seriesof querieswith dif-
ferentconstraints.We usea window of onesentence
on eachsidefor scoringandextractthe highestrank-
ing tile satisfyingeachquery Thetop threematching
sentencewereselectedasoutputsof threeruns.

5 Results

Thesuccessatesin retrieving evidencefor botha GO
term andthe proteinwere approximatelyl5% for all
threeruns. Table 1 shavs the resultsof runl when
evaluatedaccordingto the successn retrieving evi-
dencefor a GO termregardlesof the protein.

A possiblesxplanationfor thesignificantdifference
in performancebetweenthe resultswith andwithout
taking the proteininto account,is that the acrorym
andthe proteinnamesenedasadditionalqueryitems
but werenotimposedby ary of thefilters. In addition,
of the 108 articlesin the testdata,20 articleshadan-
notationsfor two or moreproteins.In thesecasesthe
acrorym would be misleadingfor at leastone of the
proteins.

Analysis of the systemoutput reveals a few rea-
sonsfor failing to provide the mostpreciseevidence

text. In somecases,certainwordsin the GO term
are more important than others. For example, the
word “vesicle”in “vesicleorganizationand biogene-
sis” (GO:0016050)s moreimpportantthanthe other
wordsin thisterm. Our systemextractedthe evidence
sentence

“Membersof the FYVE domainfamily of
proteins have been implicated in protein
trafficking andsignaltransductiori.

file
better

for this term from the article in
JBC 2001- 2/ bc4501042445,  while
evidenceis provided by the sentence:

“The vesiclesappearedclusteredor fused
togetherinto larger structuresan effect that
was most pronouncedwvhen only the 100-
amino acid FYVE domainregion was ex-
pressed.

It may be possibleto single out animportantword
from the term nameby comparingit with the term
directly abore in the GO hierarchy in this case“or-
ganelleorganizationand biogenesis”(GO:0006996).
A word thatdoesnot appeaiin the moregeneralterm
is likely to be morerelatedto the specificmeaningof
thetermfor which we seekevidence.

Otherretrieval errorsresultedfrom differentword-
ing usedin thearticlefor describinga certainfunction,
or sentencewith high concentratiorof wordsthatap-
pearedin the term definition but were not indicative
enough.

6 Redated Work

The secondarytask of the TREC-2003 Genomics
Track (Hershand Bhupatiraju,2003) was similar to

the presenttask. This task concernedwith recorer

ing GeneRIFannotationgrom abstracts. As prelimi-

naryanalysishadrevealed,77% of the GeneRIFsnip-
petscontaineceithercompleteor partialchunksof text

from the title or the abstract. The currenttask, of

retrieving evidencefrom the whole paper and when
thereis no reasonto assumethat therewill be com-
monchunksof text betweerthe GO termdataandthe
articletext, is thereforeharder



ChiangandYu (2003 describea work thatis more
similarto theBioCreatve task2.1,recorering GO ev-
idencefrom paperabstracts. Having obsered that
therearea numberof commonlyusedpatterndor de-
scribingfunctionsof proteins they trainedasentence-
alignmentsystemfor recognizingthesepatterns.For
the alignmentprocessthey marked up geneproducts
and function namesin eachsentence. The patterns
identifiedin this way werethenusedfor constructing
anave Bayesmodelfor sentencelassification.

The overall successatein recovering productand
GOevidencepairsusingthe sentencelassificatioral-
gorithm was 14.6%. The authorsalso note the diffi-
culty of finding the proteinnamein the abstract,re-
portinga successateof 75%.

While abstractsare clearly a goodsourcefor func-
tional annotationanarticlemay containGO evidence
in the introductionor conclusionaswell. Suchevi-
dencemay be expressedn away which is lessdense
thanevidencefrom anabstract.

In futurework, wewill aspireto improve thequality
of word-level modellingby taking more advantageof
the structureof the GO ontology
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