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Abstract. A large number of biomedical resources are publicly available over the
Internet. This number grows every day. Biomedical researchers face the problem
of locating, identifying and selecting the most appropriate resources according to
their interests. Some resource indexes can be found in the Internet, but they only
provide information and links related to resources created by the owner institution
of each website. In this paper we propose a novel method for extracting
information from the literature and create a Resourceome, i.e. an index of
biomedical resources (databases, tools and services) in a semi-automatic way. In
this approach we consider only the information provided by the abstracts of
relevant papers in the area. Building a comprehensive resource index is the first
step towards the development of new methodologies for the automatic or semiautomatic construction of complex biomedical workflows which allow combining
several resources to obtain higher-level functionalities.
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Introduction
Over the last years, there has been a proliferation of biomedical resources, including
databases, tools, and services. Many of these resources are publicly available over the
Internet. They provide biomedical researchers with tools to facilitate different tasks,
including, for instance, genetic sequence analysis and alignment, protein annotation or
structural studies. As regards, there is a plethora of biomedical databases covering
different areas including biomedical literature, genetic disorders, macromolecular
structures or rare diseases. In this scenario, there is a need for novel tools to gather and
organize all these resources. In most cases, the resources can be unknown to those
researchers that may benefit from their use. This circumstance emphasizes the need for
developing advanced tools to facilitate the localization and use of such resources.
In order to disseminate and provide a unified access to these resources, it is
required to build an index of existing biomedical resources. Such an index should not
only contain information regarding the location, inputs, outputs and service invocation
procedures, but also a complete semantic description of their functionalities. Currently,
there is not such an index readily available to the biomedical community.
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1. Background
Numerous initiatives involving the development and availability of biomedical
resource indexes can be found in the literature and on the Internet. For instance, the
European Bioinformatics Institute (EBI) provides through his web-site a list of
resources sorted alphabetically and grouped into three main categories: services, tools
and databases. Some of them are provided directly by the EBI, and other are just links
to the actual resources hosted by other institutions. Figure 1(a) shows a screenshot of
the index published by the EBI. As shown in the figure, it is possible to search for a
resource based on (i) the resource’s name and (ii) type of resource, i.e. services, tools
or databases. Unfortunately, the resources are not annotated with a semantic description
of their functionality. Therefore, it is not possible to search for all the available
resources needed for a concrete task – e.g. protein annotation or sequence alignment –
in an efficient and intuitive manner. The only possibility is to manually inspect all the
available resources to determine whether or not they meet the user needs. This is a
time-consuming task that many biomedical researchers are reluctant to carry out.
Conversely, Figure 1(b) shows a more detailed index of resources – called
BioMOBY – created by the Spanish National Institute of Bioinformatics (INB). In this
case, all the resources are offered as web services and have been classified based on
their functionality. For instance, as shown in the figure, they provide links to different
bioinformatics resources, including alignment, annotations, clustering, databases, etc.
When a user clicks on one of these links, she is forwarded to a web page with
information about the service, such as name, type of resource, short description, inputs,
outputs or location. The main drawback of this index is that it only provides access to

(a)

(b)

Figure 1. Examples of resources indexes at the (a) European Bioinformatics Institute
(EBI) and the (b) National Institute of Bioinformatics (INB) in Spain
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resources owned by the INB. Valuable external resources from other institutions are
not included in this index.
Other additional examples of resource indexes over the Internet are, for instance (i)
the database collection mentioned by Galperin [1], and (ii) the list of resources
available at [2]. The former reference [1] compiles a collection of publicly available
molecular biology databases. This compilation is reviewed and published periodically
every year. The latest version gathers a list of almost one thousand databases. The latter
are classified into different categories according to their contents sorted in alphabetical
order. For each database, the name, a short description of their contents and the link to
the database is provided. The list of resources provided by (ii) is not only composed by
databases but also tools, services and links to literature. More than two thousand
resources have been classified into this list, depending on its functionality. In this paper,
we present a novel semi-automatic method to create and maintain an index of
biomedical resources. Figure 2 outlines the proposed method to create the
Resourceome index.

2. Methods
A common problem for readily available indexes is that resources are annotated
manually or they are not annotated at all. Creating or updating those indices by hand is
a time-consuming task. Thus, it is a significant challenge to develop new methods and
tools to facilitate the annotation and indexing of the resources. Another problem is the
lack of standard domain models covering all required types of resources and tasks. All
existing indexes use their own classification criteria or taxonomies that are neither
complete nor do they use standard terminology to name their components.
Therefore, the first step would be the creation of a domain model or ontology not
only covering the taxonomy of concepts but also all relevant relationships between the
concepts. Domain knowledge provided by the relationships might contribute to a better
understanding of the functionally provided by the resources and can be useful for
resource classification and to enhance searches. According to Cannata et al. [3],
ontologies are a suitable tool to annotate the resources and building the index. Firstly,
they propose the need for creating an ontology including high-level concepts, attributes,
and standard relationships between concepts. Next, biomedical researchers must be
provided with a mechanism to maintain and extend the ontology with subconcepts to
better describe their resources. Finally, the index built upon such ontology should be
disseminated, enabling software engineers to create interfaces for searching and
managing the resources.
First of all, it is necessary to obtain a list of the names of all the available resources
that may be of interest for the biomedical community. Resources include databases,
tools, and services. This list is created by an automated software agent that extracts the
resource names from different online sources. Additional resource names can be added
manually to the list by human annotators, if required. Once the list of resources has
been obtained, it is necessary to extract detailed descriptions about their functionalities.
This information can be usually found in abstracts of published papers or technical
reports describing the resources. In many cases it is not necessary to examine the entire
documents to extract this information, since abstracts often contain all the relevant
information about the functionality provided by the resources. Once we obtain all the
relevant abstracts, these are stored in a document repository. It is possible to store more
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Figure 2. Overview of the “Resourceome” index creation method

than one abstract for a given resource in the database thus providing a more detailed
description of the resource. Using the abstracts database, we automatically create a
conceptual schema that describes the domain covered by the abstract database. This
schema includes concepts – resources and tasks – as well as relationships between
concepts. In this schema, relationships are of a single type – i.e. they denote which
resources are useful for concrete tasks. The schema is extracted automatically from the
selected abstracts using an original method developed by the authors and published
elsewhere [4]. The method, based in different Artificial Intelligence (AI) and natural
language techniques – including tokenizers, probabilistic part-of-speech taggers and
transition networks – has been successfully used to bridge together schema-less, nonstructured sources with relational databases. For further details on this issue see [4].
Our method works as follows. Each abstract is subdivided into phrases which are
treated separately. Resources names, functionalities and all the relevant information is
extracted by applying a special transition network built for this purpose. Besides the
conceptual schema, it is necessary to create an index collection that relates the available
resources to concepts in the conceptual schema. Using these indices, it is possible to
browse the generated model to search for all the available tools to carry out a given task
or databases containing a concrete type of data. Domain knowledge provided by the
relationships can be exploited to enhance the searches.
Once the conceptual schema has been created, it is necessary to perform a
refinement process to ensure the quality of the generated schema. The refinement task
includes the removal of non-relevant concepts and relationships and naming concepts
in the schema using a standardized terminology. To perform this task – which must be
carried out by experts in the domain – it is possible to use widely accepted biomedical
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vocabularies such as, for instance, the Unified Medical Language System (UMLS) [5],
the Gene Ontology [6] or the Human Gene Nomenclature [7].
The refined model or ontology can be visualized by users using a graphical
ontology viewer. We are currently developing an application programming interface
(API) to provide access and search services for the Resourceome. Regarding the
maintenance of the Resourceome, it is possible to incrementally update the index with
new resources simply by adding new abstracts to the database. The system
automatically creates the indices for the added resources. Next, the existing conceptual
schema is automatically updated with concepts extracted from the new abstracts, not
currently belonging to the conceptual model. Finally, experts can manually update the
refined model – if required – to reflect the changes introduced by the addition of new
resources to the Resourceome.

3. Results
In order to evaluate the model proposed in the previous section, we performed an
experiment using a controlled input. We selected such kind of input since the AI and
Natural Language Processing (NLP) techniques used in the development require some
tuning to be adapted to the biomedical domain. This tuning is normally performed
using controlled inputs to the system. We have designed this experiment targeted to
tune and refine the model prior to execute more comprehensive tests with different data
sources. The starting point was the list of resources offered by the EBI through its
official website, previously mentioned. The list is organized into three categories
(databases, tools and services). The names of fifty resources were randomly selected
among the three categories and they were compiled into a candidate list. For each name
of the list, the most relevant paper describing the resource was chosen from a public
repository. For this experiment, we have used the ISI Web of Knowledge© [8] as the
information source.
Once all the abstracts were manually retrieved, several AI and NLP techniques
were applied to extract the relevant information contained in the abstracts. We have
previously worked on a similar topic targeted to database integration and information
retrieval [4]. For the present work, we have used the same approach for concept
extraction and index generation. The target was focused in obtaining the name of the
resources and their functionality. In the case of the databases, the detection of the
functionality was substituted by the type of the data contained in the records.
Additionally, extra information such as inputs, outputs, as well as relations with other
resources was also searched. However, such information was only detected in few
cases. Abstracts do not usually contain complete descriptions of the resources and such
extra extraction is not always possible. Hence, we determined that an analysis of the
full papers would be needed. Information extracted was automatically stored into a
database specially built for this purpose in order to facilitate data analysis.
Some interesting results were discovered after analyzing the extracted data. First,
the names of the fifty resources were properly extracted from the abstracts as well as
their functionalities. A limited set of types or categories of resources has been
established. In 94% of the cases, this category was correctly obtained from the
functionality. Sometimes more than one category was found for a concrete resource. In
such a case, both types were stored. These categories or concepts have been used to
build a taxonomy for allowing the automatic classification of resources.
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4. Conclusions and Future Research
The new model proposed is still in its early stages. Additional improvements and
experimentation are needed. Results obtained in the preliminary experiments are
promising and they suggest that the approach might be useful. Several information
sources available on the Internet are currently being analyzed to be incorporated within
the system in the next stages. Although some processes exposed before have been
manually performed at this stage of the project, we are considering new approaches for
automating the methods. We believe that the proposed method is an adequate starting
point to organize the idea of a biomedical Resourceome.
Besides annotating and organizing the biomedical resources, the Resourceome
might be a valuable tool to facilitate the construction of biomedical workflows. A
workflow is a loopless forward chaining graph of available resources targeted to
achieve a complex task. Workflows are usually created manually using tools such as
Taverna [9], or Semantic Moby [10]. These tools provide workflow designers with a
framework to create and execute scientific workflows in a graphical and intuitive
manner. The main drawback of the manual workflow creation approach is that
workflow designers need to have a good knowledge of the available resources as well
as their required inputs and outputs. This approach can be suitable for simple or ad-hoc
purposes, but it is not practical for more complex scenarios. The possible applications
of creating automatically such workflows for the proposed Resourceome in different
scientific areas is a great challenge for extending and applying the model presented.
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