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Abstract 
Gene Ontology (GO) provides helpful information with respect to biological process, molecular 
function and cellular component in annotating the relationships among gene, chemical and 
disease. Due to the complexity of GO knowledge, developing automated or semi-automated GO 
curation techniques remains to be a big challenge for database curators. In order to efficiently 
and precisely retrieve GO information from large amount of biomedical resources, we propose a 
GO evidence sentence retrieval system conducted via combinatorial applications of semantic 
class and rule patterns to automatically retrieve GO evidence sentences with specific gene 
mentions from full-length articles. 
 
Introduction 
Gene-oriented biomedical researches constitute the basis of advanced life science researches. 
Although the phenomenal growth of biomedical studies augmented our apprehension of complex 
biological mechanisms, the sharing and exchange of these results are hindered by the discrete 
terminologies and depictions. Therefore, the Gene Ontology (GO) initiative attempts to provide a 
universal representation of gene products and their correlated attributes. To promote research and 
tool development for the curation of GO database, BioCreative IV hosted a GO track, with an 
intention of retrieving GO evidence sentences for relevant genes (SubTask A) and predicting GO 
terms for relevant genes (SubTask B). In this work, we introduce a combinatorial approach 
toward the SubTask A of BioCreative IV. In our approach, the subtask is further divided into two 
subtasks: 1) candidate GO sentence retrieval, which selects the candidate GO sentences from a 
given full text, and 2) gene entity assignment, which assigns relevant gene mentions to a GO 
evidence sentence. 
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Material and Methods 
Fig. 1 shows the workflow of our GO evidence sentence retrieval system developed for the GO 
SubTask A. We divide the task into the following steps: article parsing, candidate retrieval, 
semantic class extraction, rule pattern generation and evidence sentence retrieval. 
 

 
 

Figure 1. System workflow of GO evidence sentence retrieval 
 
Article Parsing 
Full-length articles with BioC XML format are collected and parsed before GO evidence 
sentence retrieval. To ensure that article information can be used efficiently and accurately 
during subsequent text analysis, the BioC package (1) is utilized and expanded. This package is 
helpful not only in parsing articles, but also in accessing article information. While datasets are 
parsed via BioC package, individual article metadata, including PMID, PMCID, title, abstract, 
paragraph, offset, length and section are received and easily accessed via function call. In order 
to further receive the minimized analytical unit, sentence segmentation is conducted via Apache 
OpenNLP (2). 
 
Candidate Sentence Retrieval 
Sentences containing gene entities or GO terms are considered as potential evidence sentences. 
Before extracting the primary evidence sentences, gene entity and GO term recognition are 
conducted. The sources of gene entities and GO terms are derived from BioCreative IV and GO 
database (3), respectively. After collecting above entity terms, entity expansion is performed to 
enrich the contents of these terms. Finally, sentences including those terms are retrieved and 
deemed as the candidate GO evidence sentence set. 
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Semantic Class Extraction 
In this step, we apply semantic filtering and selection on the candidate evidence sentence set. 
Semantic classes used for filtering and selection consist of the adopted and rejected class, and 
both originates from semantic knowledge concealed within the training gold standard datasets. 
To accurately extract the semantic classes, Semantic-Orientation Point-wise Mutual Information 
(SO-PMI) is conducted in selecting meaningful words/terms. Words/terms within the adopted 
class are extracted from the training annotation file, whereas those of the rejected class are 
derived from the false positive sentences in the primary sentence set. The extraction of semantic 
words/terms and the exclusion of stop words are conducted via parameter setting in SO-PMI 
results. Thus, if one sentence contains a word/term from the rejected class, it will be filtered out. 
Likewise, if a sentence contains a word/term from the adopted class, it will be kept as a 
candidate GO evidence sentence. The remaining sentences after semantic filtering and selection 
are considered as the candidate GO evidence sentences for the next step. 
 
Rule Pattern Generation 
 

Table 1. Rule patterns used in filtering false positive sentences 
 

 
 
To further maximize the performance of GO evidence sentences retrieval, rule patterns including 
filtering and selection rules are defined and applied in identifying sentences within the filtered 
sentence set. All filtering and selection rule patterns are defined and generated with the 
assistance of a domain expert. Complete rule patterns for filtering and selection are shown in 
Table 1 and 2, respectively. 
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Table 2. Rule patterns used in selecting potential evidence sentences. 
 

 
 
GO Evidence Sentence Retrieval 
Although sentences that remain after the previous processes contain specific GO information, 
they may not be properly linked to a corresponding gene mention. Therefore, the process of gene 
entity assignment is performed to identify the relationship between GO evidence sentences and 
their probable gene mentions. The complete procedure of gene entity assignment is shown in Fig. 
2. 

 
 

Figure 2. The procedure of gene entity assignment. 
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During gene entity assignment, genes are assigned to sentence S if there exists at least one gene 
in S. Otherwise the procedure identify the gene with the maximum occurrence from retrieved 
sentences in paragraph P in which S belongs, and assign this gene to sentence S. Alternatively, 
identify the gene with the maximum occurrence from retrieved sentences in article A, and assign 
this gene to sentence S. 
 
Results and Conduction 
Table 3 and 4 shows the performance evaluation of our Gene Ontology (GO) evidence sentence 
retrieval system, which is conducted via precision, recall and f-score in development datasets. In 
Table 3, GO evidence sentences without considering gene mentions are evaluated, while the 
results of Table 4 is evaluated via the evaluation tool provided by BioCreative IV. 
 

Table 3. Performance evaluation without gene entity assignment 
 

       
 

Table 4. Performance evaluation (exact match) of development datasets 
 

       
 
In fact, Table 3 and 4 shows that GO evidence sentence retrieval using filtering rule patterns has 
better performance against selection rule patterns. In the future, the conduction of rule selection 
in rule pattern generation and co-reference resolution in gene entity assignment may be 
performed to maximize the overall performance. 
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