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Abstract 
In this paper, we describe our gene mention identification developed for the Comparative 
Toxicogenomic Database (CTD) track of BioCreative IV. We follow the configuration of the 
CTD track to implement our system, which can recognize gene mentions described in a given 
BioC document and return their official symbols. The system employs a multi-stage approach to 
identify gene mentions based on our gene normalization systems developed in the BioCreative 
II.5 interactor normalization task and BioCreative III gene normalization task. Through the 
participation of the track, we would like to see its effect and scalability in processing data within 
the context of the CTD curation process. 
 
Introduction 
The goal of gene mention recognition (GMR) is to recognize gene mentions expressed in a 
narrative description. Several approaches have been proposed and achieved convincing 
performance in many international challenges and shared tasks [1, 2]. However, the results of 
GMR are still difficult to use directly because of the wide synonym and high ambiguity of 
variation in names across articles. Gene normalization (GN) goes beyond GMR by normalizing 
the gene mentions to a unique gene database ID [3]. By normalizing gene mentions to their IDs, 
we can determine their official symbol in attempt to reduce the ambiguity.  
 
In the BioCreative II.5 interactor normalization task and BioCreative III GN task [4, 5], we have 
established a multi-stage GN approach and achieved satisfying results. Through the participation 
of the BioCreative IV Comparative Toxicogenomic Database (CTD) track, we would like to see 
its effect and scalability in processing data within the context of the CTD curation process. GN 
systems usually incorporate machine learning models for recognizing gene mentions, along with 
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several biomedical knowledge bases to assign the proper ID to each gene mention. Our BioC-GN 
module incorporates a hybrid method to recognize gene mentions, and employs several rule-
based disambiguation processes to select candidate gene IDs based on a multi-stage process. This 
developed BioC-GN module is available at 
http://bws.iis.sinica.edu.tw/BioC_GN/RestServiceImpl.svc/gene. 
 

 
 

Figure 1: BioC-GN module workflow for BioCreative IV CTD Track 
 
Method 
 
Service Architecture 
Figure 1 depicts the service architecture of the developed BioC-GN module. The module allows 
clients to submit a PubMed abstract represented in the BioC XML format, and the server will 
provide an annotated XML in BioC format in return. After receiving client’s request, the XML is 
parsed into the Java object—BioCCollection. In order to apply our GN procedure, which is 
implemented in C# programming language, the BioCCollection object is translated into our C# 
Article object by using IKVM.NET Java virtual machine. Subsequently, we employ a dictionary-
based tagger and our GMR model [6], which is trained on the BioCreative II dataset [7] with the 
CRF model, to recognize gene mentions. After recognizing gene mentions within the text, we 
apply orthogonal variation to map genes to their corresponding Entrez IDs. Furthermore, a 
disambiguation process is included to ensure the fidelity of normalization. The resulting 
unambiguous gene annotations are mapped to their relative gene symbol through the CTD gene 
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dictionary [8], and then transformed to BioC Annotation. Finally, the annotated BioCCollection 
will be returned to the client. We elaborate each step in the following subsections. 
 
Gene Mention Recognition 
GMR recognizes gene mentions within plain text, and it is usually a machine learning technique 
dependent process. For this procedure, we employ two GMR taggers. The first is a dictionary-
based tagger that uses the CTD gene vocabulary to match gene mentions. The second is a 
machine learning-based tagger in which we follow the IOB2 format [9] and use Conditional 
Random Fields model [10] with several features such as morphological features, syntactic 
features, and collocation features [6]. Morphological features are used in regard to the 
morphological properties shared by gene names. For instance, "HLA-A" and "HLA-B" will 
normalized to the same term "AAA_A", and "IL-2" and "IL-21" will be normalized to the same 
term "A_1". Syntactic features including part-of-speech and Chunk features are used to identify 
NE boundaries. For example, verbs and prepositions usually indicate the boundary of an NE. In 
addition to the previous unigram features, collocation features are exploited as bigram and 
trigram word features. For instance, when the previous word is "transcription," and the current 
word is "factor," the current word is most likely the last word of a transcription factor name, 
which is categorized as a protein name in the GENIA ontology. If the two taggers generate 
overlapped gene boundaries, we select the one with larger boundary, while the other is saved for 
the disambiguation process; if the one with larger boundary cannot be mapped/disambiguated, 
the stored name with shorter boundary will be reassessed. 
 
Dictionary Matching 
Dictionary Matching is able to assign candidate identifiers to each recognized gene mention. We 
use a dictionary compiled by the CTD gene dictionary and generate their orthographical variants. 
The dictionary is further expanded by collecting gene names in the EntrezGene and UniProt 
database. Each recognized gene mention is looked up in the dictionary by using two matching 
methods, exact matching and partial matching, developed in our previous work [11].  
 
Multistage-disambiguation Process 
If a gene mention is mapped to two or more gene identifiers in the dictionary matching step, the 
disambiguation process determines which is more appropriate. In our previous work [11], we 
have constructed several GN rules, which utilize context information such as chromosome 
location, sequence length, and so on to determine the given identifier’s label. For example, the 
rule 
 

ℎ!"#ℎ!"#"$"#%&'("(!", !) ∧ ℎ!"#!$%&%!'((!, !") ⇒ !"#$%&'()*"(!, !") 
 
indicates that if the chromosome location information of the gene mention x, which has the id as 
its candidate ID, can be found in the surrounding context s, x should be linked to id. Each rule is 
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associated with a weight, and the final disambiguation step is based on the linear combination of 
the weighted scores of the various rules. 
 
After the disambiguation step, names of the successfully mapped gene mentions and their 
corresponding database IDs are collected to generate a refinement dictionary. Refinement is then 
performed by using the exact matching algorithm to search the whole article for mentions in this 
dictionary that were not recognized by GMR. If the refinement process assigns a gene mention 
boundary overlapped with existing recognized gene mentions and their IDs are different, the 
same disambiguation process is re-conducted in case the new candidate ID has not been 
considered in the previous judgment. 
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