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Abstract 
Participating in the Interoperability track of BioCreative IV, we have chosen to focus on three 
biomedical natural language processing (NLP) tasks: 1) Extraction of biomolecular events, 2) 
Identification of metabolic process concepts and 3) Recognition of concepts in the Comparative 
Toxicogenomics Database (CTD). Our contribution towards the first task consists of a module 
for automatically extracting events. For the second, we prepared a module based on components 
used in our participation in the User Interactive track. RESTful web services recognising 
chemicals, genes, diseases and action terms contribute towards the last task. Together with these 
BioC-compliant modules, several corpora in the BioC format have been made available. 
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Introduction 
The BioCreative IV Interoperability Initiative aims at enhancing the reusability of tools and 
resources by promoting a common data interchange format, BioC. The format is encoded in 
XML and consists of a collection of documents, each split into passages and optionally 
sentences. These elements may contain stand-off annotations with optional text-bound locations 
as well as n-ary relations between annotations and other relations. Virtually all elements may 
declare infons, a list of key-value pairs. 
 
In order to foster this initiative, we transcribed several resources relevant to biology and 
biochemistry, most of which were originally prepared by the National Centre for Text Mining 
(NaCTeM). They are selected BioNLP Shared Task 2011- and 2013-edition1 corpora and the 
Metabolites corpus (1). The BioNLP Shared Task corpora come from the Infectious Diseases 
(ID) (2) and Epigenetics and Post-translational Modifications (EPI) (3) tasks ran in the 2011 
edition, the Cancer Genetics (CG) (4) and Pathway Curation (PC) (5) tasks ran in the 2013 
edition, as well as the GENIA tasks  (GE’11 (6) and GE’13 (7)) ran in both editions. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1!https://sites.google.com/site/bionlpst,!http://2013.bionlp)st.org!
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We created modules capable of automatically extracting information relevant to the 
aforementioned resources, as well as a series of web services that was developed for the 
BioCreative’s CTD track2. 
 
Methods 
All of the resources were produced in Argo3, a web-based, text mining workbench (8). Argo 
allows users to build their task-specific processing workflows from a library of elementary 
analytics (e.g., data readers/writers, syntactic and semantic analytics). The platform is based on 
the Unstructured Information Management Architecture (UIMA) (9) which ensures the 
interoperability of elementary analytics (processing components) by imposing common type 
systems (annotation schemata). 
 
Similarly, most of the proposed modules are available in Argo as workflows, i.e., arrangements 
of processing components that form meaningful, self-contained processing units. To facilitate the 
support for BioC format, we developed the BioC type system, which encodes this format in 
UIMA, as well as two processing components, BioC Reader and BioC Writer, that are capable of 
(de)serialising BioC collections from/to the type system. The two BioC components utilise an 
API provided by the creators of the format4. 
 
Resources 
BioNLP Shared Task corpora. The main subjects of annotations included in the BioNLP Shared 
Task corpora are biologically relevant named entities (e.g., proteins, organs, DNA), and named 
biological processes, i.e., events, which associate a trigger word or phrase signalling a process 
(e.g., activation, inhibits) with named entities participating in the process. Each of the event 
participants is labelled with the role it plays in the event (e.g., theme, cause). Events may also be 
enriched with attributes that modify their interpretation, namely, speculation and negation. 
Additional annotations include the equivalence of entities (usually associations between 
abbreviations and their expanded forms that appear in close proximity in text) and, in the case of 
GE’13, coreferences encoded as binary relations between an anaphoric expression and its 
antecedent. 
 
Metabolites corpus. We also make available as a resource NaCTeM’s corpus of 296 MEDLINE 
abstracts enriched with entity annotations corresponding to metabolites and enzymes (9). 
Previously used in a pilot study on yeast metabolic network reconstruction (10), the documents 
were manually annotated by two domain experts who were asked to mark up names of enzymes 
and metabolites only if they appear in the context of metabolic pathways. Originally released in 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2!http://www.biocreative.org/tasks/biocreative)iv/track)3)CTD!
3!http://argo.nactem.ac.uk!
4!http://bioc.sourceforge.net!!
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the MEDLINE XML format5, the corpus was first converted to an intermediate format, i.e., that 
of the BioNLP Shared Task, taking only metabolite entity annotations. 
 
BioNLP to BioC conversion. In order to read the data in the BioNLP Shared Task format, which 
is encoded in plain-text files, we used the BioNLP Shared Task Data Reader component 
available in Argo, built specifically for the shared tasks (11). The reader encodes data into the 
tailored BioNLP type system. In order to transcribe data between the BioNLP type system and 
that of BioC, we used the SPARQL Annotation Editor component that allows a workflow 
designer to manipulate annotations represented as an RDF graph (12). 
 
The BioNLP annotations were encoded using the annotation and relation elements available in 
BioC. Both annotations and relations include information about their type, which can be one of 
“Entity” and “Trigger” for annotations, and “Event”, “Equivalent” and “Coreference” for 
relations. Table 1 shows the example snippets of BioC syntax for each of the BioNLP 
annotations. 
 
Table 1. Examples of the transcription of BioNLP annotations into BioC XML format. 

BioNLP annotations BioC transcription 

Entities <annotation id="T1"> 
<infon key="type">Entity</infon> 
<infon key="category">Protein</infon> 
<location offset="19" length="30"/> 
<text>interferon regulatory factor 4</text> 
</annotation> 

Event triggers <annotation id="TRIGGER_55_65"> 
<infon key="type">Trigger</infon> 
<location offset="55" length="10"/> 
<text>expression</text> 
</annotation> 

Events and event 
modifications 

<relation id="E2"> 
<infon key="type">Event</infon> 
<infon key="category">Gene_expression</infon> 
<infon key="negation">false</infon> 
<infon key="speculation">false</infon> 
<node refid="TRIGGER_55_65" role="EventTrigger"/> 
<node refid="T1" role="Theme"/> 
</relation> 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5 http://www.nlm.nih.gov/bsd/licensee/data_elements_doc.html 
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Equivalent entities <relation id="EE53"> 
<infon key="type">Equivalent</infon> 
<node refid="T2" role=""/> 
<node refid="T3" role=""/> 
</relation> 

Coreferences (GENIA 
corpora) 

<relation id="RT13"> 
<infon key="type">Coreference</infon> 
<node refid="T13" role="Subject"/> 
<node refid="T3" role="Object"/> 
<node refid="T4" role="Object"/> 
<node refid="T5" role="Object"/> 
</relation> 

 
Special consideration was given to coreferences; instead of encoding them as binary relations (as 
is the case in the original data), we combined all entities that appear as “objects” (antecedents) of 
the same “subject” (anaphoric expression) into a single BioC relation, taking full advantage of its 
n-ary representation.  
 
In addition to these annotations, each generated BioC file also contains collection-level data such 
as source information, date, key location, versions, and licence. 
 
Modules 
We prepared two workflows in Argo for event extraction and metabolic process concept 
identification. Each workflow includes the BioC Reader and Writer components that allow users 
to upload their BioC files for processing as well as harvest the results in the same format. 
 
Event extraction. The BioNLP Shared Task event extraction workflow involves the Enju parser 
(13), GENIA dependency parser (14), and EventMine. EventMine is an adaptable, machine 
learning-based event extraction system that achieved the best performance on the GE’11, EPI, ID 
and PC data sets and the second best on the CG data set (15). It performs a series of 
classifications for event trigger recognition, argument identification and role assignment. 
Additionally, it is capable of resolving coreferences (16) and recognising event modifications 
such as negation and speculation (17).  
 
The workflow assumes that the BioC collection given as input already contains annotated 
bioentities, as defined in the BioNLP Shared Task series. The output of the workflow consists of 
documents enriched with information pertaining to biomolecular events (i.e., event triggers, 
participants, modifications) and relations (e.g., equivalent entities). The EventMine component 
allows the user to choose a model tailored for a specific extraction task (one of GE, EPI, ID, PC, 
CG), which ultimately defines the output event types. 
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Metabolic process concept identification. Building upon the workflow we have prepared for our 
participation in BioCreative’s User Interactive track6, we adapted NLP components capable of 
enriching documents with annotations relevant to metabolic processes. These include a 
refactored version of OSCAR 3 (18) for recognising metabolites and metabolic process 
expressions (e.g., hydroxylates, deacetylated) and GENIA Tagger (19) for recognising genes and 
gene products (GGPs). The recognised concepts are then linked to unique identifiers in external 
databases using components based on the Jaro-Winkler string similarity algorithm. Metabolites 
are linked to entries in ChEBI (20), GGPs to UniProt (21), and metabolic process expressions to 
the CTD interaction types ontology7.  
 
The workflow for this task requires only text in the BioC format. The output annotations consist 
of the recognised concepts, each of which is tagged with the corresponding identifier in the 
relevant external database. 
 
CTD concept recognition. Following the specifications of the BioCreative’s CTD track, we 
developed RESTful, BioC-compliant web services which recognise the following concepts in the 
CTD (22): chemicals, genes, diseases and action terms. Our named entity recognisers for the first 
three types are based on the conditional random fields (CRFs) algorithm (23) and implemented 
on top of the NERsuite package8. In recognising action terms, in contrast, we took a multiclass, 
multilabel approach based on the support vector machines (SVMs) algorithm (24). The features 
used are described in detail in our report for the CTD track (25). 
Each of the web services accepts a request in the BioC format and sends back a BioC XML 
response containing annotations of one of the four concept types. 
 
Availability 
The modules and resources can be accessed by following the instructions in the Argo BioC web 
page9. 
 
Funding 
This work was partially supported by Europe PubMed Central funders (led by Wellcome Trust). 
 
 
 
 
 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6 http://www.biocreative.org/tasks/biocreative-iv/track-5-IAT 
7 http://ctdbase.org/help/ixnQueryHelp.jsp#actionType 
8 http://nersuite.nlplab.org 
9 http://argo.nactem.ac.uk/bioc 
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