
relation.  Tanabe found some of these, e.g. regulation direction and cellular 
location, to be relevant to text data mining in the molecular biology domain10.  
While these suggested relations could be named and modeled in numerous ways, 
they indicate productive avenues for future ontological development. 

3.3 Natural language processing 

The observation that GO terms can contain other GO terms also points us towards a 
solution to the problem of recognition of variant forms of terms in natural language 
texts.  Non-statistical approaches to this problem, such as the National Library of 
Medicine’s MetaMap11 and Jacquemin’s FASTR system3, tend to perform well, but 
at the computational expense of performing extensive linguistic analysis of both the 
terminology itself and the natural language text.  We suggest that noting the 
inclusion patterns of terms within other terms allows us to find meaningful 
linguistic boundaries purely on the basis of comparisons between terms within the 
ontology, without the necessity of submitting the terms to further morphological or 
syntactic analysis.  An example of this approach can be seen with respect to the 
problem of dealing with coordination, or linkage of phrases by words like and, or, 
and but not. Consider the following sentence from Gilmore and Romer12: These 
findings suggest that FAK functions in the regulation of cell migration and cell 
proliferation.  If one were indexing this sentence by GO terms, the best matches 
would be regulation of cell migration (GO:0030334) and regulation of cell 
proliferation (GO:0042127).  The first one is easy—the challenge is to get the 
second one, without being misled into matching instead to cell proliferation 
(GO:0008283).  Though space does not allow a full description of our approach, we 
have been successful in handling this and similar examples by licensing the 
recognition of discontinuous embedded terms and their associated complements 
when the discontinuity is due to the intervention of a conjunction and another GO 
term. 

3.3  Conclusion   

 We have shown that substring relations between terms are prevalent in GO, and 
that complementary phrases in the superstrings recur frequently.  Specificity of 
complements to relation types and occurrence of complements under common 
nodes allow us to differentiate between derivationally meaningful substring 
relations and incidental ones, as well as their associated complement phrases.  
Awareness of these phenomena can be used to make the information encoded in 
GO terms more computationally accessible, to assist in the curation of GO, to 
leverage GO into a conceptually richer knowledge base, and to analyze natural 
language texts. 
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