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2 Publishable Summary 
 

 
Every day, more than 3000 new articles are published in biomedical journals. That averages 
to more than 2 articles every minute! The figure below illustrates the exponential growth of the 
biomedical literature, in the last 60 years. MEDLINE currently comprises more than 20 million 
articles, while the number and size of non-textual biomedical data sources also increases 
rapidly. Linked Life Data4 alone provides more than 10 billion RDF statements of biomedical 
information. 
 
 

 
 

Number of articles indexed by MEDLINE (PUBMED) per year.                                                                                   
[Source: http://dan.corlan.net/medline-trend.html] 

 

This wealth of new knowledge plays a central role in the progress achieved in biomedicine 
and its impact on public health. However, managing this large amount of data is a challenge in 
itself. Ensuring that this knowledge is used for the sake of the patients in a timely manner is an 
even more demanding task for both computer scientists and biomedical experts. The BIOASQ 
project, which started on October 1st 2012 and ran for 2 years, aimed to push research in 
information technology towards highly precise biomedical information retrieval systems. The 
project achieved this goal by establishing a series of challenges (competitions), in which 
systems from teams around the world compete. BIOASQ provides data, software and the 
evaluation infrastructure for the challenge. By these means, the project ensures that the 
biomedical experts of the future can rely on software tools to identify, process and present the 
fragments of the huge space of biomedical resources that address their personal questions. 
Questions like the ones shown in the table below. 
 
 
 
 
 
 
 
 
                                                           
4 http://linkedlifedata.com/ 
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Q: Are there any DNMT3 proteins present in plants? 

A: Yes. The plant DOMAINS REARRANGED METHYLTRANSFERASE2 (DRM2) is a homolog of the 
mammalian de novo methyltransferase DNMT3. DRM2 contains a novel arrangement of the motifs 
required for DNA methyltransferase catalytic activity. 

Q: What is the methyl donor of DNA (cytosine-5)-methyltransferases? 

A: S-adenosyl-L-methionine (AdoMet, SAM) is the methyl donor of DNA (cytosine-5)- 

methyltransferases. DNA (cytosine-5)-methyltransferases catalyze the transfer of a methyl group from 
S-adenosyl-L-methionine to the C-5 position of cytosine residues in DNA. 

Q: Which species may be used for the biotechnological production of itaconic acid? 

A: In 1955, the production of itaconic acid was firstly described for Ustilago maydis. Some Aspergillus 
species, like A. itaconicus and A. terreus, show the ability to synthesize this organic acid and A. terreus 
can secrete significant amounts to the media. Itaconic acid is mainly supplied by biotechnological 
processes with the fungus Aspergillus terreus. Cloning of the cadA gene into the citric acid producing 
fungus A. niger showed that it is possible to produce itaconic acid also in a different host organism. 

Q: How do histone methyltransferases cause histone modification? 

A: Histone methyltransferases (HMTs) are responsible for the site-specific addition of covalent 
modifications on the histone tails, which serve as markers for the recruitment of chromatin organization 
complexes. There are two major types of HMTs: histone-lysine N-Methyltransferases and 
histonearginine N-methyltransferases. The former methylate specific lysine (K) residues such as 4, 9, 
27, 36, and 79 on histone H3 and residue 20 on histone H4. The latter methylate arginine (R) residues 
such as 2, 8, 17, and 26 on histone H3 and residue 3 on histone H4. Depending on what residue is 
modified and the degree of methylation (mono-, di- and tri-methylation), lysine methylation of histones 
is linked to either transcriptionally active or silent chromatin. 

 
Example questions from the BioASQ question answering task. 

 
 
The tasks included in the BIOASQ challenges help advance the state of the art in two fields. 
BIOASQ Task A aims at improving the automatic classification of biomedical documents. Here, 
systems are required to automatically assign MESH terms to biomedical articles, thus assisting 
the indexing of biomedical literature. Systems participating in the task are given newly 
published MEDLINE articles, before the NLM curators have assigned MESH terms to them. 
The systems assign MESH terms to the documents, which are then compared against the 
terms assigned by the NLM curators. BIOASQ Task B focuses on obtaining precise and 
comprehensible answers to biomedical questions. The systems that participate in Task B are 
given English questions written by biomedical experts that reflect real-life information needs. 
For each question, the systems are required to return relevant articles, snippets of the articles, 
concepts from designated ontologies, RDF triples from Linked Life Data, an ‘exact’ answer 
(e.g., a disease or symptom), and a paragraph-sized summary answer. Hence, this task 
incorporates traditional information retrieval, with question answering from text and structured 
data, as well as multidocument text summarization. The figure below places BIOASQ in 
research context, by providing an overview of the areas that are of relevance to the BIOASQ 
challenges. Researchers working in any of these areas, with an additional interest in helping 
biomedical research progress, are encouraged to participate in the challenges. 
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Research areas of relevance to BIOASQ 

 
By establishing the new series of challenges, BIOASQ aimed at achieving the following 
objectives: 
 
Objective 1: Advancing the state-of-the-art in large-scale semantic indexing and 
question answering. By participating in BIOASQ systems are pushed to their limits in terms of 
scalability, efficiency, accuracy, coverage, and conciseness of responses. Typically, the 
participating systems combine and improve state-of-the-art methods in several of the areas of 
the figure above. This helps improve the state of the art in these areas, and semantic indexing 
and question answering in particular. As an example of the impact of BIOASQ in the semantic 
indexing area, The figure below shows the performance of the best system, the baseline 
system MTI (Medical Text Indexer) of NLM and the average of all of BIOASQ participants. In 
both the first and the second challenge, the best system consistently outperformed MTI, which 
has been developed especially for this task and is used to recommend MESH terms to NLM 
curators. Furthermore, as announced recently by NLM, MTI itself was improved in the second 
year, by incorporating ideas from the winning system of the first BIOASQ challenge5. 
 

 
Increase in semantic indexing performance in the first two BIOASQ challenges. 

 
 

                                                           
5 http://www.nlm.nih.gov/news/indexer challenge.html 
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Objective 2: Successful organisation of the challenge. The benchmarks that are provided 
by BIOASQ include very large document collections, as well as databases, knowledge bases, 
ontologies, and other structured data. Given this organizational complexity, one of the main 
objectives of BIOASQ was to ensure the timely and successful organisation of the competition, 
attracting a large number of key players as participants. In the most recent BIOASQ 
challenge, 216 users and 142 systems registered in order to participate in the challenge, while 
28 teams (with 95 systems) finally submitted their results. The figure below illustrates the 
geographic spread of BIOASQ participation. 
 

 
 

Geographic spread of BIOASQ participants. 
 

Objective 3: Establishment of BIOASQ as a reference point in biomedical question 
answering. Although question answering has a long history in artificial intelligence and 
computational linguistics, biomedical question answering in particular is a relatively new field 
with distinct characteristics Athenikos and Han (2010), most notably the heterogeneity and 
exponential growth of the underlying information sources, but also the very extensive use of 
domain-specific terminology. BIOASQ is the first international series of challenges for 
biomedical question answering and has managed in the first two years of existence to attract 
the attention of key players in the field, either as challenge participants or as members of its 
advisory board.3 Furthermore, a social network of biomedical experts has been formed, 
starting with the experts who contributed data to the BIOASQ benchmarks. This network will 
continue to exist after the end of the project, providing a platform for maintaining and 
extending the BIOASQ benchmarks, based on contributions and evaluation by peers. 
 
Objective 4: Building foundations for further competitions. Beyond the social network of 
experts, BIOASQ’s heritage includes reusable infrastructure for creating benchmark data and 
running challenges. The figure below summarises the main components of this infrastructure, 
which include tools for annotating data, tools for assessing the results of participating systems, 
benchmark repositories, evaluation services, etc. The existence of this infrastructure facilitates 
the sustainability of BIOASQ challenges beyond the end of the two-year project at very low 
cost. Additionally, by providing all these components under open source licences, new 
benchamrks and competitions, possibly in different domains, can be easily organised. 
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The BIOASQ infrastructure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Further information:  

 http://www.bioasq.org/    http://www.linkedin.com/groups/BioASQ-4801043   

 http://twitter.com/bioasq       http://plus.google.com/104709672946762321818 
 
Project Co-ordinator: Georgios Paliouras, NCSR “DEMOKRITOS” 

 paliourg@iit.demokritos.gr      http://www.iit.demokritos.gr/~paliourg/ 
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