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Semantic Property Grammars for Knowledge Extraction from Biomedical Text Veronica Dahl and Baohua Gu Simon Fraser University, Burnaby, BC, Canada, V5A 1S6 {veronica, bgu}@cs.sfu.ca



Abstract. We present Semantic Property Grammars, designed to extract concepts and relations from biomedical texts. The implementation adapts a CHRG parser we designed for Property Grammars [1], which views linguistic constraints as properties between sets of categories and solves them by constraint satisfaction, can handle incomplete or erroneous text, and extract phrases of interest selectively. We endow it with concept and relation extraction abilities as well.
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Semantic Property Grammars (SPGs)- an introduction



Property Grammars (PGs) [2] linguistically characterize sentences not in terms of an explicit, complete parse tree but in terms of seven simple properties between pairs of constituents, for instance, linearity (e.g., a determiner must precede a noun) or unicity (e.g., a noun can only have one determiner). A directly executable specification of PGs was developed by Dahl and Blache [3], which uses CHRG [4] to combine pairs of constituents according to whether properties between them are satisfied. SPGs are based on an adaptation of this parser which enhances it with concepts and relations gleaned from the substring being parsed. In the example below, for instance, the output gathers in a cat/6 symbol: the phrase’s category (noun phrase), its syntactic features (singular, masculine), the parse tree (not needed by the theory, but built for convenience), and the lists of satisfied and unsatisfied properties within this phrase, e.g, prec(prep, np) indicates that the preposition does precede its noun phrase in the embedded prepositional phrase (pp), since it appears in the list of satisfied properties. The unsatisfied property list is empty, since there are no property violations in this np. Finally, the semantic concept list contains the relationship induced by this noun phrase, as well as the concepts its parts intervene in, obtained in consultation with a biomedical ontology. Input The activation of NF-kappa-B via CD-28 Output cat(np,[sing,masc],np(det(the),n(activation),pp(prep(of),np(n(’NF-kappa-B’), pp(prep(via))),np(n(’CD-28’)))),[prec(prep,sn),unicity(prep),prec(n,pp), unicity(n),exclude(name,n),prec(det,n),unicity(det)],[ ],[protein(’NF-kappa-B’), gene(’CD-28’),activation(’NF-kappa-B’,’CD-28’)])
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Extracting Semantic Information



Extracting Concepts and Relations The above example shows the simplest and most needed application of our parser to biomedical information extraction, namely, to glean concepts and relations from noun phrases. As shown in the output, we obtain more information than other noun phrase chunkers/parsers available for this task, which only output a parse tree. In addition, we provide semantic output which can further be combined with that of other parts of the sentence, as we shall see below. Although noun phrases are the most common source of wanted concept extraction, we can directly apply the same methodology to extract verb-induced relations, as in the sentence “The retinoblastoma protein negatively regulates transcriptional activation”, where the verb regulate marks a relation between two concepts retinoblastoma protein and transcriptional activation. To deal with this type of relation, we extract both concepts from their noun phrases, and link them together into the relationship induced by the verb. Relating Indirectly Connected Concepts Once concepts and relations have been extracted from the input, we can infer further concepts by consulting a biomedical ontology (there are several available). This is useful to: – disambiguate in function of context. For instance, usually binding site refers to a DNA domain or region, while sometimes it refers to a protein domain or region. Catching the latter meaning is not trivial since both c-Myc and G285 are protein molecules. However, our parser looks for semantic clues from surrounding words in order to disambiguate: in sentence 1) below, promoters points to the DNA region binding site, whereas in sentence 2), ligands points to the protein meaning of binding site. – assess a general theme in the (sub)text: since the parser retrieves the semantic classes of objects and relations as it goes along (as shown in section 1), it is a simple matter to assume them as themes. Consuming them when in doubt as to the main theme can assist in further disambiguation as well as in other semantic interpretation tasks. 1 Transcription factors USF1 and USF2 up-regulate gene expression via interaction with an E box on their target promoters, which is also a binding site for c-Myc.



2 The functional activity of ligands built from the binding site of G28-5 is dependent on the size and physical properties of the molecule both in solution and on the cell surfaces.
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