SIGKDD Explorations

. Volume 4, Issue 2 ˘ page 90

Rule - based Extraction of Experimental Evidence in the

Biomedical Domain ˘ the KDD Cup 2002 (Task 1)

Yizhar Regev

ClearForest Ltd

Or Yehuda, Israel

Michal Finkelstein - Landau

ClearForest Ltd

Or Yehuda, Israel

Ronen Feldman

ClearForest Corp.

New York, NY, USA ryizhar@clearforest.com michal@clearforest.com ronen@clearforest.com

ABSTRACT

Below we describe the winning systemthat we built for the KDD

Cup 2002 Task 1 competition. Our systemis a Rule - based

Information Extraction (IE) system. It combines pat tern matching,

Natural Language P rocessing (NLP ) tools, semantic constraints based on the domain and the specific task, and a post - processing stage for making the final curation decision based on the various evidence (positive and negative) found within th e document.

Development and implementation were made using the DIAL IE language and the ClearLab development environment. The results achieved were significantlysuperior than those achieved using categorization approaches.

1. INTRODUCTION

P apers discussing t he Drosophila genes and their products are lengthyand complex. Theytypicallyinclude not onlytext, but also images that are crucial for understanding the papers´ results.

On the other hand, theyusuallyhave a relativelyfixed structure and present resu lts obtained using a set of known techniques

(such as Northern or Western Blot). Since the focus of this task is the experimental results and not the other information within the paper, focusing on templates used within the figure legends, together with in formation within the title and the paper abstract proved to be sufficient for most cases. The rest of this paper is organized as follows: in Section 2 we describe brieflyour rule - based approach and in Section 3 we outline the actual implementation of the systemin the DIAL language. In Section 4 we present the results and discuss brieflythe advantages of our approach in comparison to other approaches.

2. RULE - BASED IE APPROACH

IE approaches can be divided into supervised, rule - based approaches and unsupervis ed (statistical) approaches. The most common unsupervised approach is Hidden Markov Model

(HMM), see for example [3]. While unsupervised methods are generallyconsidered less domain - specific and thus theoretically more attractive, actual implementations in complex domains such as the biomedical domain proved to be rather difficult.

We believe that the rule - based approach is more suitable for the

KDD Cup task. P resented at the most simplified level, this approach involves writing rules for matching the com mon patterns for the desired template (experimental evidence for a gene product expression), as in the figure legend: ^ Fig 4. Ex pression of dGATAc transcript ~. However, our approach involves more than simple pattern matching. It uses lexical resources, NLP tools and semantic constraints, achieving better coverage and accuracy. In

[1] we described this approach in detail in the context of the financial news domain. Below we describe brieflythe elements adapted for the KDD Cup task.

2.1 Lexical Resources

The sys temuses lexicons for keypattern elements such as analysis techniques, positive headline keywords (such as ^homologue~) and negative headline keywords (e.g. ^ectopic~, i.e. unnatural).

A general gene lexicon is used, together with a gene thesaurus. In ad dition, we use a lexicon of the gene candidates listed in the header of each document. One of the functions of this ^local~ lexicon was to filter noisyentries in the general lexicon. While strings such as ^is~ won´t usuallybe a gene name, occurrence in t he header list makes them more likelyto constitute a gene name.

We also had to write rules for normalizing typographysuch as

^ Dgc [alpha.gif] 1 ~ as " Dgc&agr ; 1 " for the ASCII representation of the Greek letter ^alpha~.

2.2 NLP Tools

Our systemincludes thre e layers of NLP tools, whose function is to extract full and syntacticallysound pattern elements:

(i) P art - of - Speech (P OS) tagger

(ii) Noun P hrase and Verb P hrase Grouper: Grouping together the head noun with its left modifiers, for example: ^ the developi ng midgut ~ and, for verbs, chunking a main verb with its auxiliaries, as in ^ does not antagonize ~. In the previous examples, ^ midgut ~ is the head and ^ developing ~ is a modifier. ^ antagonize ~ is the main verb and ^ does ~ is an auxiliary.

(iii) Verb and Noun P attern Extractor: Extracting larger verb and noun phrases, based on semantic requirements. Example: ^ Dac does not antagonize hth ex pression ~. This extractor matches verbs and nouns with their complements. (Here ˘ ^ hth ex pression ~ is the complement (the di rect object)).

2.3 Semantic Constraints

This was a crucial part of our implementation, since in our task it was critical to know when a gene name is actuallypart of a transgene, or when a gene expression was not a Wild - Type expression on its own, but rather a n evidence for a functional dependencyachieved bythe researchers ectopically.

Accordingly, if the hsp70 gene is found within a phrase such as

^@hsp70@ - @w hite@ transgene ~, it is ignored. Similarly, if a gene expression phrase is found within a verb phrase that describes a functional dependencyresult it is also ignored. (as in:

^ Dac does not antagonize hth ex pression in the antenna ~).

2.4 Post Processing

The KDD task was unique in that the output required was not single phrases within the document, but a globa l decision regarding the whole document (whether it should be curated or

SIGKDD Explorations

. Volume 4, Issue 2 ˘ page 91

not). In order to support this decision, the IE process included two main stages:

(i) Extracting evidence fromthe title, abstract, figure legend and

GenBank footnotes, keeping a sco re entryfor the whole document and for each product (transcript/protein) of a candidate gene

(ii) Using the scores to decide on the curation of the document and the products of the candidate genes, after processing the document: if a gene´s score is abov e a certain threshold, mark the gene as having an experimental result, and mark the whole document as curatable.

Figure 1 ˘ Sample DIAL Rule

3. IMPLEMENTATION IN DIAL

Our systemis implemented in DIAL ( D eclarative I nformation

A nalysis L anguage), a rule - based general IE language developed at ClearForest. We outline its main elements below and give an example for a rule in Figure 1. More information is provided in

[1].

The ^building blocks~ of DIAL are rules. Rules are s e quences of

Pattern Matching elements, au gmented bya set of Co n straints that the matched pa t terns must obey and bya set of Assig n ments of the rule´s param e ters and/or actions concerning external variables / data stru c tures. The P attern Matching el e ments themselves can be e i ther: li t eral strings found in the text (e.g.

^ expre s sion ~), a lexicon (called in DIAL wordclass, e.g.

wcInducedVerbs in Figure 1), or a n other rule (e.g.

ExtractedGene ). A sample constraint is shown at the end of the

InducedExpression predicate ˘ Stem must be a member ( InWC ) o f wcInducedVerbs. (Otherwise, it isn´t an ^Induced Expression~).

DIAL enables the user to i m plement separatelythe different oper a tions required for performing IE: tokeniz a tion, sectioning

(recognizing sentence boundaries), and morphological and lexical pr ocessing, parsing and d o main sema n tics. DIAL has built - in modules that pe r formthe general tasks of tokeniz a tion and part - of - speech ta g ging. In addition, we have d e ve l oped a general libraryof rules that pe r formNoun P hrase and Verb P hrase grouping. Figure 2 presents ClearForest´s deve l opment env i ronments for DIAL rules ˘ ClearLab. This application enables the user to test the Rulebook (a set of rule modules) on

relevant document colle c tions, view the extracted i n stances of the te m plates and their location in the original text. This allows the user to change and correct (d e bug) the rules as nece s sary.

4. RESULTS AND EVALUATION

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

Curation task and an F - Measure score of 67% in the Gene P roduct task. These result s are significantlybetter than the results achieved using categorization approaches (we achieved only62 -

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

(i) Most papers use quite a narrow vocabulary.

(ii) Manycuratable papers have both relevant results (wild - type expression) and irrelevant ones (mutations etc.)

(iii) Extracting evidence of specific gene products cannot be achieved bycategorization. P a tterns with the specific genes must be found. There aren´t genes that are always relevant and genes that are not, other than w , the ^white eye~ gene.

The training papers never have relevant results for w products and onlymention w as a tool for studying o ther genes.

Our IE approach is advantageous also because it provides the maximal information to the user and can be integrated into a full text mining systemthat allows the user to see the results of the IE process visuallyand correct / change themas ne cessary(See [2] for description of such a system).

SIGKDD Explorations

. Volume 4, Issue 2 ˘ page 92

Figure 2 ˘ The ClearLab Application

5. REFERENCES

[1] Feldman, R. et al. A Comparative Studyof Information

Extraction Strategies. in P roceedings of CICLing 2002

(Mexico City, February2002), Springer Ver lag, 349 - 359.

[2] Feldman, R. et al. Mining Biomedical Literature using

Information Extraction. Current Drug Discovery(October

2002) 19 - 23.

[3] Ray, S. & Craven, M. Representing Sentence Structure in

Hidden Markov Models for Information Extraction. In

P roceedings of the 17th International Joint Conference on

Artificial Intelligence (IJCAI - 2000).