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ABSTRACT

Below we describe the winning system that we buiilt for the KDD
Cup 2002Task 1 competition. Our system is a Rule-based
Information Extradion (IE) system. It combines pattern matching,
Natural Language Processng (NLP) tools, semantic constraints
based onthe domain and the spedfic task, and a post-processng
stage for making the final curation dedsion based onthe various
evidence (positive and regative) foundwithin the document.
Development and implementation were made using the DIAL |E
language and the ClearLab development environment. The results
achieved were significantly superior than those atieved using
categorization approaches.

1. INTRODUCTION

Papers discussng the Drosophila genes and their products are
lengthy and complex. They typicdly include not only text, but
also images that are aucia for understanding the papers’ results.
On the other hand, they usualy have arelatively fixed structure
and present results obtained using a set of known techniques
(such as Northern or Western Blot). Sincethe focus of thistask is
the experimental results and nd the other information within the
paper, focusing on templates used within the figure legends,
together with information within the title and the paper abstrad
proved to be sufficient for most cases. The rest of this paper is
organized as follows: in Sedion 2 we describe briefly our rule-
based approach and in Sedion 3 we outline the adua
implementation d the system in the DIAL language. In Sedion 4
we present the results and dscuss briefly the alvantages of our
approach in comparison to ather approaches.

2. RULE-BASED IE APPROACH

IE approaches can be divided into supervised, rule-based
approaches and ursupervised (statisticd) approaches. The most
common ursupervised approach is Hidden Markov Mode
(HMM), see for example [3]. While unsupervised methods are
generally considered less domain-spedfic and thus theoreticdly
more atradive, adua implementations in complex domains sich
asthe biomedicd domain proved to be rather difficult.

We believe that the rule-based approach is more suitable for the
KDD Cup task. Presented at the most simplified level, this
approad involves writi ng rules for matching the mmmon petterns
for the desired template (experimenta evidencefor a gene product
expresson), as in the figure legend: “Fig 4. Expresson of
dGATACc transcript”. However, our approach involves more than
simple pattern matching. It uses lexicd resources, NLP todls and
semantic constraints, achieving better coverage and acarragy. In
[1] we described this approach in detail in the context of the
financial news domain. Below we describe briefly the dements
adapted for the KDD Cup task.
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2.1 Lexical Resources

The system uses lexicons for key pattern elements sich as analysis
techniques, positive healline keywords (such as “homologue”)
and regative headline keywords (e.g. “ectopic”, i.e. unretural).

A general gene lexiconis used, together with a gene thesaurus. In
addition, we use alexicon d the gene candidates listed in the
header of ead dacument. One of the functions of this “locd”
lexicon was to filter noisy entries in the genera lexicon. While
strings such as “is’ won't usualy be agene name, occurrencein
the header list makes them more likely to constitute agene name.
We dso had to write rules for normalizing typography such as
“Dgc [alpha.gif] 1" as "Dgc&agr ; 1" for the ASCII
representation o the Greek letter “alpha”.

2.2 NLP Tods
Our system includes three layers of NLP todls, whose function is
to extrad full and syntadicdly sound m@ttern elements:

(i) Part-of-Speed (POS) tagger

(ii) NounPhrase and Verb Phrase Grouper: Grouping together the
head nounwith its left modifiers, for example: “the developing
midgut” and, for verbs, churking a main verb with its auxili aries,
asin “does not antagoniz€’. In the previous examples, “midgut”
is the head and “developing” is a modifier. “antagonize’ is the
main verb and “does’ is an auxili ary.

(iii) Verb and Noun Pattern Extrador: Extrading larger verb and
noun phases, based on semantic requirements. Example: “Dac
does not antagonize hth expresson”. This extrador matches
verbs and nours with their complements. (Here — “hth
expresson” isthe cmplement (the dired objea)).

2.3 Semantic Constraints

Thiswas a aucia part of our implementation, sincein ou task it
was criticd to know when a gene name is adualy part of a
transgene, or when a gene epresson was not a Wild-Type
expresson onits own, but rather an evidence for a functiond
dependency achieved by the reseachers edopicdly.

Acoordingly, if the hsp70 gene is foundwithin a phrase such as
“ @hsp70@-@white@ transgene’, it is ignored. Similarly, if a
gene epresson phrase is found within a verb plrase that
describes a functional dependency result it is also ignored. (asin:
“Dac does not antagonize hth expresson in the antenna”).

2.4 Post Processng

The KDD task was unique in that the output required was not
single phrases within the document, but aglobal dedsion
regarding the whale document (whether it shoud be arated or
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not). In order to suppat this dedsion, the |E processincluded two
main stages:

(i) Extrading evidencefrom the titl e, abstrad, figure legend and
GenBank footnotes, keeping a score entry for the whole document
andfor eath product (transcript/protein) of a candidate gene

(ii) Using the scores to dedde on the airation o the document
and the prodwcts of the candidate genes, after processng the
document: if agene's oreis above a cetain threshold, mark the
gene @& having an experimenta result, and mark the whale
document as curatable.

DIAL Rule example :

Induced expression - The gene expression is induced or induces another activity
{and is NOT observed onits own), as in . "Fig. 4. Dac does not antagonize hth
expression in the antenna

Hlexican for relevant nouns similar to "expression”:
wordclass wecExpressionMoun = expression transcription localization detection |

Hlexicon for verbs indicating inductionfinteraction between genes as "antagonize":

wiordclass welnducedyerbs = reduce inhibit activate induce repress alter antagonize |

Nextract Noun Phrase (NG-Moun Group} incorporating a gene
GeneExpressionNG() -
ExtractedGene{Gene Product)
NounGroup({Article Head Stem)
werify(InAC [ Head @weE xpressionMoun)) ;

'Dac” (The gene)
IFexpression”
fiverify that the Head is relevant

NRule for the induced Expression itself

Induced Expression() -

ExtractedGene{Gene Product, mutant) IDac”

YerbGroup(Stem Tense Aspect Voice Polarity) fiverb group-"does not antagonize”

GeneExpressionNG # "hth expression”

werlfy(INWC{Stem, @wcInducedVerhs)), fvenfy that the Stem s indeed a
Hrelevant verb

Figure 1 — Sample DIAL Rule

3. IMPLEMENTATION IN DIAL

Our system is implemented in DIAL (Dedarative Information
Analysis Language), a rule-based genera |E language developed
at CleaForest. We outline its main elements below and give an
example for arule in Figure 1. More information is provided in
(1.

The “building blocks’ of DIAL are rules. Rules are sequences of
Pattern Matching elements, augmented by a set of Constraints
that the matched patterns must obey and by a set of Assignments
of the rule's parameters and/or actions concening externa
variables / data structures. The Pattern Matching elements
themselves can be ather: literal strings found in the text (e.g.
“expression”), a lexicon (cdled in DIAL wordclass eg.
wclnducedVerbs in Figure 1), or another rule (eg.
ExtractedGene). A sample wnstraint is siown at the end o the
InducedExpression predicate — Stem must be amember (InWC) of
weclnducedVerbs. (Otherwise, it isn't an “Induced Expresson”).

DIAL enables the user to implement separately the different
operations required for performing IE: tokenization, sedioning
(recgnizing sentence boundxries), and morphdogicd and lexicd
processng, parsing and domain semantics. DIAL has built-in
modues that perform the general tasks of tokenization and pert-
of-speeth tagging. In addition, we have developed a genera
library of rules that perform Noun Phrase and Verb Phrase
groupng. Figure 2 presents CleaForest's development
environments for DIAL rules — ClearLab. This applicaion
enables the user to test the Rulebook (a set of rule modues) on

relevant document coll ections, view the extraded instances of the
templates and their location in the original text. This alows the
user to change and corred (debug) the rules as necessary.

4. RESULT SAND EVALUATION

We adieved an F-Measure score of 78% in the Document

Curation task and an F-Measure score of 67% in the Gene Product

task. These results are dignificantly better than the results

adhieved using caegorization approaces (we adieved ony 62-

64% in the Document Curation task using our caegorizaion
tod). We believe that the rule-based IE approach was
succesdgul for the following reasons:

(i) Most papers use quite anarrow vocabulary.

(ii) Many curatable papers have both relevant results (wil d-
type expresson) and irrelevant ones (mutations etc.)

(i) Extrading evidence of spedfic gene products cannat be
adchieved by categorizaion. Patterns with the spedfic genes
must be found There aen't genesthat are dways relevant
and genes that are nat, other than w, the “white eye” gene.
The training papers never have relevant results for w
products and orly mentionw as atoadl for studying other
genes.

Our |IE approach is advantageous also becaise it provides the
maximal information to the user and can be integrated into a
full text mining system that all ows the user to seethe results
of the |E processvisually and corred / change them as
necessry (See[2] for description d such a system).
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_i[learFurest ClearLab - [C:AKDD_Cup'\KDD_Cup.isw] - [RuleShow - R103.nfn doc.1]
K| File Edit view Buld Tools ‘Window Help

H | 1 |x || C:'|,KDD_Cup'l,Training_DDcuments'l,R|

Figure 4: Expression of dGATAC transcripk during early @Drosophila@
dewveloprment. Embryos collecked Fram early cellular blastoderm (@Aa@)

and late cellular blastoderm (@E@) are shown on the lateral view,

@Left@ is anterior and @top@ is dorsal, An embryo of early

gastrulation stage (@C@) is shown on the dorsolateral view ko reveal

the distribution of signals in the dorsal partion of the embrya,

as embryonic development reaches stage 11 and beyond, three argan
systems clearly stain positive with the dGATAC probe. The developing

paosterior spiracles are most prominent, and our probe could serve as a
useful marker to trace the developrent of this structure (Fig, 5, @AD,

Figure 2—The ClearLab Application
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