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Abstract 
With respect to the text mining community, the organizers of BioCreative IV have initiated the 
BioC project in attempt to propel researches within this area by providing a universal format for 
text mining tools. In this fashion, various tools performing distinct tasks can be integrated 
seamlessly in a less time- and effort-consuming manner. As a participant, we develop a semantic 
role labeling BioC module, which provides semantic analysis of biomedical literatures, hoping to 
benefit researchers with similar interest within the text mining field. The service is available at 
http://bws.iis.sinica.edu.tw/BioC_BIOSMILE/BioC_Module.svc/SRL. 
 
Introduction 

 
 

 
Figure 1: An example of the predicate-argument structure for the sentence “IL4 and IL13 receptors 

activate STAT6, STAT3, and STAT5 proteins in the human B cells” 
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Semantic role labeling (SRL) is a considerable technique in natural language processing, 
especially for life scientists who are interested in uncovering information related to biological 
processes within literatures. SRL represents a sentence by one or more predicate argument 
structures (PAS) [1]. Each PAS is composed of a predicate (e.g., a verb) and several arguments 
(e.g., noun phrases) that possess different semantic roles, including main arguments such as an 
agent1 and a patient2, as well as adjunct arguments such as time, manner, and location. For 
example, the sentence in Figure 1 “IL4 and IL13 receptors activate STAT6, STAT3, and STAT5 
proteins in the human B cells” describes a molecular activation process. It can be represented by 
a PAS in which “activate” is the predicate, the noun phrase “IL4 and IL13 receptors” constitutes 
the agent, “STAT6, STAT3, and STAT5 proteins” acts as the patient, and “in the human B cells” 
indicates the location of occurrence. Thus, the agent, patient, and location are all arguments of 
the predicate. SRL not only identifies the subjects involved in these processes, but also confirms 
the direction of existing interactions, along with supplementary manner, location or time details. 
Such knowledge is essential in comprehending signaling pathways behind versatile biological 
mechanisms and phenomena. 
To make a contribution to the BioC repository of the BioCreative IV BioC track, we developed a 
SRL BioC module for biomedical literatures. The BioC module is an augmentation of our 
previous SRL system developed under the BioProp standard and corpus [2]. We also used it in 

Table 1: The predicate and argument types are used 
Predicate 

abolish, abrogate, accompany, act, activate, affect, alter, associate, augment, begin, 
bind, block, carry, catalyse, cause, clone, confer, conserve, contain, control, culture, 
decrease, delete, depend, derive, develop, differentiate, disrupt, down-regulate, 
eliminate, encode, enhance, exert, express, function, generate, include, increase, 
induce, influence, inhibit, initiate, interact, interfere, involve, isolate, lack, lead, link, 
lose, mediate, modify, modulate, mutate, participate, phosphrylate, play, prevent, 
produce, proliferate, promote, purify, recognize, reduce, regulate, repress, require, 
result, reveal, signal, skip, splice, stimulate, suppress, target, transactivates, transcribe, 
transfect, transform, trigger, truncate, up-regulate, 

Argument Type 
Arg0 agent 
Arg1 direct object/theme/patient 
Arg2–5 not fixed 
ArgM-NEG negation marker 
ArgM-LOC location 
ArgM-TMP time 
ArgM-MNR manner 
ArgM-EXT extent 
ArgM-ADV general-purpose 
ArgM-PNC purpose 
ArgM-CAU cause 
ArgM-DIR direction 
ArgM-DIS discourse connectives 
ArgM-MOD modal verb 
ArgM-REC reflexives and reciprocals 
ArgM-PRD marks of secondary predication 
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our previous web services, including BIOSMILE Web Search [3], PubMed-EX [4] and T-HOD 
[5]. The module supports 82 predicates and 32 argument types, with the latter manually defined 
as location, manner, temporal etc. Please refer to Table 1 for further details. An online demo 
system and additional information of the developed module will be available at 
http://bws.iis.sinica.edu.tw/BioC_BIOSMILE/BioC_Module.svc/SRL . 
 
Semantic Role Labeling BioC Module 
Our SRL BioC module allows clients to submit one or more articles online, and the server will 
return the SRL results in BioC format. Clients only need to provide the article information in the 
BioC format (an example is shown in Figure 2). Tokenization and syntactic structure information 
will be generated on the server, and our BIOmedical SeManTic LabElling (BIOSMILE) system 
will produce the SRL results accordingly. Further interpretation of the results will not be 
necessary, since the SRL annotation is displayed independently with the syntactic structure by 
using the offset information in the BioC format. Subsequently, we will use Figure 3 as an 
example to demonstrate how the module process BioC articles. Afterwards, we will refer to our 
module as “BioC_BIOSMILE”. 
 

 
Figure 2: BioC_BIOSMILE uses offsets to indicate the position of arguments/predicate. For instance, the 

phrase “with a novel class of nuclear bodies” is ARG2 with its start index at 37 (3rd node) and a 
length of 36 characters. Infons are shown according to the sequential order of 
arguments/predicate in the sentence. 
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Figure 3: The procedure of BioC_BIOSMILE processing. 

 
In Figure 3, after calling BioC_BIOSMILE, the server will first process the articles in the article 
collection encoded in the BioC format. Next, we will use the LingPipe sentence splitter toolkit to 
determine the boundaries of sentences. Following sentence splitting, we apply the GENIA 
Tagger and a biomedical full parser based on the Charniak parser to construct the syntactic 
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Figure 4: The interpretation of “BMP-6 rapidly induced phosphorylation of Smad1/5/8” 
visualized with Brat. 
 

structure. Based on the information above, our BIOSMILE system then generates semantic roles 
for each constituent on the parse tree. Lastly, we transform the constituent annotation results into 
token level results, and return them to the client sides in the BioC format. 
 
Usage Scenario 
Our module can support many biomedical natural language processing groups to develop or 
improve their systems. Here we use two tasks, protein-protein interaction (PPI) extraction and 
biomedical event extraction, to demonstrate how our tool can benefit these researches. 
 
Protein-protein Interaction Extraction 
PPI extraction is a classical binary classification problem[6], which determines the relation type 
between two proteins as POSITIVE or NEGATIVE. From the perspective of SRL, the relation 
entity pairs usually possess an agent1 and patient2 relation, with the relation keyword as the 
predicate. To develop a system performing this task, the machine-learning based approach can 
easily utilize the argument-combinations as features. Take a PPI related sentence “IL4 and IL13 
receptors activate STAT6, STAT3 and STAT5 proteins in the mouse cells.” as an example. The 
interpretation of the SRL module is as follows. 
    <annotation> 
        <infon key="ARG0">IL4 and IL13 receptors</infon> 
        <infon key="Predicate">activate</infon> 
        <infon key="ARG1">STAT6, STAT3 and STAT5 proteins</infon> 
        <infon key="ARGM-LOC">in the mouse cells</infon> 
        <location offset="0" length="22" /> 
        <location offset="23" length="8" /> 
        <location offset="32" length="31" /> 
        <location offset="64" length="18" /> 

 <text>IL4 and IL13 receptors activate STAT6, STAT3 and STAT5 proteins in the mouse  
cells</text> 

    </annotation> 
It can be observed that the objects of the PPI pair are in (ARG0, ARG1) and associated with a 
predicate “activate”. 
 
Biomedical Event Extraction 
The goal of biomedical event extraction[7] is to retrieve knowledge regarding biomedical 
activities from literatures. For instance, the interpretation of the sentence[8] “BMP-6 rapidly 
induced phosphorylation of Smad1/5/8” is shown in Figure 4.  
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Table 2: The statistics of SRL BioC corpus 
Role Number 
Core argument types 11 
Adjunctive argument types 21 
Other Number 
Event types 52 
Abstracts with Propositions 50 
Propositions 254 

 

From the perspective of SRL, the module will interpret it as: 
    <annotation> 
        <infon key="ARG0">BMP-6</infon> 
        <infon key="ARGM-MNR">rapidly</infon> 
        <infon key="Predicate">induced</infon> 
        <infon key="ARG1">phosphorylation of Smad1/5/8</infon> 
        <location offset="0" length="5" /> 
        <location offset="6" length="7" /> 
        <location offset="14" length="7" /> 
        <location offset="22" length="28" /> 
        <text>BMP-6 rapidly induced phosphorylation of Smad1/5/8</text> 
    </annotation> 
 
Technical Details 
 
Semantic Role Labeling System 
Our system formulates the SRL task as a constituent-by-constituent labeling problem, and uses a 
machine-learning-based classifier to assign a proper semantic role for each constituent (those 
without semantic roles will be assigned NULL). Our SRL system achieved an F-score of 84.76% 

on the BioProp corpus. The evaluation metrics is defined as RP
RPF

+
××

=
2

 , where P  denotes 
the precision and R  denotes the recall. The formulae for calculating precision and recall are as 
follows: 

arguments recognized ofnumber  the
arguments recognizedcorrectly  ofnumber  the

Precision =
 

arguments  trueofnumber  the
arguments recognizedcorrectly  ofnumber  the

Recall =
 

 
A Test Dataset for BioC 
In addition to our previous evaluation, we provide a small test dataset consisting of 50 abstracts 
in the BioC format. These abstracts are randomly selected from GTB, and domain experts were 
employed to manually annotate the semantic role labels of 52 predicates. Further statistical 
details of our dataset are shown in Table 2, and the performance is shown in Table 3. 
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Table 3: The performance of BIOSMILE on SRL BioC corpus 
#True positive 445 
#False positive 149 
#False negative 192 
Precision 75% 
Recall 70% 
F-score 72% 
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