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EC projects (only in the last two
years):

– 8 projects: ACGT, ACTION-Grid
(Coordinator), DICODE, P-
medicine, INBIOMEDVision,

– INTEGRATE, AFRICA-Build
(coordinator), EUREKA (2012)

– External collaborations
(outside the EU)

Main research areas

– Nanoinformatics and Nanomedicine 
– Integration of distributed clinico-

genomic databases
– Image processing and analysis
– KDD 
– Biomedical ontologies
– Medical protocols
– Artificial Intelligence in Medicine (data, 

text and Web mining, expert systems, 
etc)

Publications (selection):

…

http://www.gib.fi.upm.es/



Three topics, from current initiatives at the GIB-UPM, 
but (surely) with a broader interest

Going nano
Extending 
Biomedical 

Informatics :  
Nanoinformatics 

Going open 

A global vision of 
biomedical software

Going South 
Using Biomedical 

Informatics to improve 
medical research and 

care in Africa

Cork, Sept 2011, Victor Maojo
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Going open 

A global vision of biomedical
software



Postgenomic challenge (2001) : To extract knowledge from 
massive, heterogeneous (biological and clinical) information 

for genomic and personalized medicine

DNA sequences, 
metabolic pathways,

images, etc

Cork, Sept 
2011, Victor 

Maojo



(SCOPE) From anatomy (macro) towards microlevels
(systems biology) and Nanomedicine
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Medical and Health Care Systems

Biomedical Informatics Software

Informatics Methods

Biological Analysis Software 

Biological Foundations

BI

MI

Medical and Health Care Systems
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Biological Foundations

BI
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Challenges for Medical Informatics /Bioinformatics interactions (Maojo and Kulikowski, 
JAMIA, Nov. 2003)



Central ideas: 1st, Biomedicine, around the concept of “information”

In nanomedicine

In multiple
heterogeneous
sources

“-omics”

Medical
(clinical, 
public
health, etc)

Simulation (“Virtual Physiological Human” program)
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Central ideas
2nd: To facilitate the open access and intelligent use of information 

in biomedical practice and research 

OntoFusion: a pioneering idea of linking medical and –omics 
information from heterogeneous sources (2002) Cork, Sept 2011, Victor Maojo
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Knowledge Discovery in Databases: distributed approach
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Homogeneization model (using biomedical ontologies)
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Mapping tools
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OntoFusion: Clinical and Genomic database integration
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Establishing links between public databases
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Data + Text mining: Integration of Structured and 
Non-Structured sources (ONTOFUSION)
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• Unified Model

– 257 concepts.
– 106 

hierarchical 
relationships

– 425 “ad-hoc” 
relationships

Subset of the Unified Model

Applications: Integration of Structured and Non-
Structured sources (ONTOFUSION)

Cork, Sept 2011, Victor Maojo



Automatic  Extraction  of 
Resources’  Information  from 
the literature (like PubMed & 

PMC)

Public Open Source
BioMedical 
Informatics

Resources Inventory
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Stefano Chiesa (UPM) – KES 2008 19

Structure
(divide in sections 
the input paper)

Analysis (lexical 
and morphological 

features and 
stemming)

Name and 
functionality

Classification
(extract the category)

The Analysis process
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How to build the Resource Knowledge Base

Cork, Sept 2011, Victor Maojo



Towards a bioinformatics resourceome 
(open resources)

The Action-Grid project is funded by the 
European Commission under the FP7

BIRI: A new method
for the automatic
discovery and 
indexing of 
bioinformatics
references from the
literature, designed
to create a 
repository of 
resources

Cork, Sept 2011, Victor Maojo



BIRI: text mining for automatically creating an inventory of 
bioinformatics resources

Cork, Sept 2011, Victor Maojo



Reference in Science
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PubDNA Finder: searching automatically DNA sequences in 
the literature

Cork, Sept 2011, Victor Maojo



Expanding the work on text mining
to other Bioinformatics topics

Cork, Sept 2011, Victor Maojo



Work at the UPM: Building (automatically)  
inventories of resources including bioinformatics…

© Ted Shortliffe
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Building (automatically)  inventories of resources
including bioinformatics, medical…

© Ted Shortliffe

Cork, Sept 2011, 
Victor Maojo



Going nano
Extending Biomedical 

Informatics :  
Nanoinformatics 
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(SCOPE) From anatomy (macro) towards microlevels 
(systems biology) and Nanomedicine
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Nanoinformatics: beginning (2007)
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Nanomedicine: 
using nanomaterials for medical care and research

EXAMPLES OF APPLICATIONS OF NANOTECHNOLOGY IN MEDICINE

Prevention and
Diagnosis Smart sensors

Monitoring and diagnosing
disease, controlling intelligent
devices, in hospitals or in the
home (i.e nanowire systems
for diagnosis )

New methods for molecular
imaging

Early detection and diagnosis
of disease

Contrasts To enhance quality of MRI
and other imaging techniques

Detection of molecules
In vitro diagnostics. Gold
nanoparticles for detecting
genetic mutations

Therapy

Implantable materials and
devices

Tissue repair, and
replacement as therapies in
regenerative medicine

Nanorobots Diagnostic aids, with
therapeutic potential

Drug delivery

Nanoparticles to reach
specific targets in the body or
for improving solubility
characteristics of existing
drugs

Selective therapies

Nanoparticles properties can
destroy/control cancerous
tissues, for instance by
heating

Gene delivery Transporting DNA into cells
for gene therapy

Genetic screening
Used in high-throughput
detection devices for
detecting drug sensitivity

Inhibiting agents
Delaying the spreading of
sexually transmitted diseases
(HIV, only in animals yet)

Use of nanoparticles for drug delivery
( © The New England Journal of Medicine, 

2010)
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Nano-Resourceome: A repository of Tools and Resources
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The Action-Grid project is funded by the European Commission under the FP7

INDEX

NANO

HPC/ 
GRID

MEDICAL

BIO

UPM: Building an index of 
Grid/Nano/Bio/ Medical 
resources

 Huge number of resources publicly 
available over the Internet 
(databases, services and tools). 

 Compiles annotated resources and 
their associated information 

 Compiles annotated resources and 
their associate information
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Problems of current biomedical ontologies
(our own perspective)

• For us, actually, many other problems arise, (see the debate 
in the Methods of Information in Medicine journal (June 2011)

• In this case, we believe that current qualitative
approaches, based on semantic conceptualizations
(and philosophical assunptions in the Open Biomedical
Ontologies Foundry) cannot address many problems related
to visual and spatial information in biomedicine (e.g., shapes
and structures of viruses, molecules or nanoparticles)
which are fundamental for living beings

Cork, Sept 2011, Victor Maojo



An example
Taxonomies of shapes:  Application to nanoparticles

©Pokropivny and Skorokhod
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No current, conceptual ontology can capture the 
complexity of the information of the visual, graphical 

information embedded in nanoparticles



Gene Ontology http://www.geneontology.org

Light ontology,
mainly useful for 

annotations and 
retrieval:

molecular_function
biological_process:
cellular_component



Ontology Scope URL Custodians

Cell Ontology 
(CL)

cell types from prokaryotes 
to mammals

obo.sourceforge.net/cgi-
bin/detail.cgi?cell

Jonathan Bard, Michael 
Ashburner, Oliver Hofman

Chemical Entities of Bio-
logical Interest (ChEBI) molecular entities ebi.ac.uk/chebi Paula Dematos,

Rafael Alcantara

Common Anatomy Refer-
ence Ontology (CARO)

anatomical structures in 
human and model organisms (under development)

Melissa Haendel, Terry 
Hayamizu, Cornelius Rosse, 

David Sutherland, 

Foundational Model of Anatomy 
(FMA) structure of the human body fma.biostr.washington.

edu
JLV Mejino Jr.,

Cornelius Rosse

Functional Genomics 
Investigation Ontology 

(FuGO)

design, protocol, data 
instrumentation, and analysis fugo.sf.net FuGO Working Group

Gene Ontology 
(GO)

cellular components, 
molecular functions, 
biological processes

www.geneontology.org Gene Ontology Consortium

Phenotypic Quality 
Ontology 

(PaTO)

qualities of anatomical 
structures

obo.sourceforge.net/cgi
-bin/ detail.cgi?

attribute_and_value

Michael Ashburner, Suzanna 
Lewis, Georgios Gkoutos

Protein Ontology 
(PrO)

protein types and 
modifications (under development) Protein Ontology Consortium

Relation Ontology (RO) relations obo.sf.net/relationship Barry Smith, Chris Mungall

RNA Ontology
(RnaO)

three-dimensional RNA 
structures (under development) RNA Ontology Consortium

Sequence Ontology
(SO)

properties and features of 
nucleic sequences song.sf.net Karen Eilbeck

The OBO Foundry
http://obofoundry.org/



Work on pattern classification and nano-ontologies: 
Taxonomies of shapes and forms

Shapes
•1-D Shapes
•2-D Shapes

— 2-D Geometrical shapes
o2-D Geometrical shapes with
genus 0

Circles
Polygons

•Convex
polygons
oSquares
oTriangles
o…

Non-convex
polygons

o2-D Geometrical shapes with
genus 1

—2-D Non-geometrical shapes
•3-D Shapes
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With biomedical implications

Image processing
Sub-shapes 

combinations in 
major molecules

10 cylinders / pillars , 1 sphere 

Image created using
PyMol

Nanoparticle Source: CSN
NCI Id: 32730
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Going South 
Using Biomedical 

Informatics to improve 
medical research and 

care in Africa
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Going south: the Africa Build scenario
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• To teach (on-site and through e-learning) African professionals in 

biomedical informatics and medical topics

• To transfer BMI open  resources (databases, tools, services)

• To create virtual communities and Web 2.0 networks of people to

work in health issues in Africa — including volunteers

• To build the computing infrastructure needed 

• Long term goals: sustainable south-south collaborations

Africa Build: main objectives                                                                                                

Cork, Sept 2011, Victor Maojo



A challenging «proof of concept»: Cloud Computing

Two experiments:

- Madrid-Cairo

- Madrid-Burundi

Alonso-Calvo, R., Crespo, J., Garcia-
Remesal, M., Anguita, A. and Maojo, V. On 
distributing load in cloud computing: A 
real application for very-large image 
datasets. Proceedings of ICCS 2010 (in 
press)

Cork, Sept 2011, Victor Maojo



• ONTOFUSION, for database integration.
• Brokerage Service, applied for Mobility and Training.
• OntoDataClean, for data mining.
• Inventory of resources, for storing and accessing remote software tools.
• Protocol manager, multimedia tools for visualizing clinical practice guidelines and protocols.
• Vocabulary server, for managing biomedical ontologies and terminologies.
• Mapping tool, for semantic integration of terminologies and ontologies.
• SIAC, an expert system for medical emergency management.
• UPM-Text miner, tools for text mining.
• Clinical trials manager, for managing clinical trials on cancer.
• Gene-Pdf, to convert contents of pdf files containing genetic information.
• Open PACS builder, a system for building small open-source PACS.
• Numerous Web services for image processing, data management and text and data mining.
• A software tool for remote collaborative work.
• Peer to peer image exchange tool.
• Various visualization tools for medical images.
• Geographical Information System, for planning pathways.
• BIRI, an automated inventory of bioinformatics resources
• DNAPubFinder
• PrimerXtractor, for bioinformatics

Large collection of BMI systems developed at the UPM group

Cork, Sept 2011, Victor Maojo



On-site teaching activities

One of the GIB’s members teaching Web 
technologies to young students in Burundi 
(left)and showing how to carry out the 
experiments described in this talk to a local 
physician (right)

Cork, Sept 2011, Victor Maojo



e-learning courses

• Introduction: medical data, 
information and knowledge 
management

• Data mining: methods and tools
• Biomedical data integration: 

techniques for structured and non-
structured sources 

• Text mining 
• Biomedical ontologies, terminologies 

and standards 
• HL7 

Cork, Sept 2011, Victor Maojo



Catalogue of courses

The Action-Grid project is funded by the European Commission under the FP7

Name of the course Leaders
Short introduction course on Biomedical informatics UPM
Hands-on training on OpenMRS and open source electronic medical records ITI
Building clinical and research databases UPM
Courses on pure computing topics UPM

The WHO Reproductive Health Library: philosophy and use in practice WHO-RHR
Evidence based reproductive health: How to read and write scientific papers WHO-RHR
Knowledge Transfer and Exchange WHO-RHR
Linking Public Health data with Geographical Information Systems UPM
Research in Maternal and Perinatal Health WHO-RHR
Managing research and data for HIV/AIDS with Medical Information Systems and Web technologies (to be created) UniGE, UPM
Quantitative vs. Qualitative Research and Data collection Instruments WHO-RHR
Research in reproductive health: design and methodologies WHO-RHR, UniGe
An introduction course to environmental health UniGE, ITM
Hospital Information Systems UPM
Image processing and analysis (including PACS and virtual surgical planning) UPM
Biomedical signal processing UPM
Medical anthropology All partners
Biomedical Informatics standards (vocabularies, terminologies and ontologies) UPM
Clinical decision making and evidence-based medicine ITM
Online learning methods for basic statistics ITM
Literature search and critical reading ITM
Introductory course on Health economics UniGE, WHO-RHR,

ITM
Data Mining in biomedicine UPM
Text mining and information retrieval in biomedicine UPM
Decision Support Systems UPM
Methods for evaluation in the health sciences UniGE, UPM
Web 2.0 and Semantic Web UPM
Case studies All partners
Application of informatics tools for teaching basic (e g anatomy physiology) and clinical medicine (e g pathology All partners

http://raftprog-english.blogspot.com/2009/12/who-reproductive-health-library.html�
http://raftprog-english.blogspot.com/2009/09/evidence-based-reproductive-health-how.html�
http://raftprog-english.blogspot.com/2009/10/knowledge-transfer-and-exchange.html�
http://raftprog-english.blogspot.com/2009/05/basic-of-qualitative-research.html�


Collaborative environment
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Semantic Integration (databases from Egypt accessed in 
Spain from Burundi)

Cork, Sept 2011, Victor Maojo



Large Image Processing from Burundi and Egypt

Cork, Sept 2011, Victor Maojo



Access to the UPM supercomputer

Cork, Sept 2011, Victor Maojo



Final remarks

Three main ideas:

1. A global open (concerning both data and services) 
approach to biomedicine, from nanomedicine to public 
health

2. New approaches for building visual, graphical biomedical 
ontologies, far from current approaches

3. Extending the use of these (and previous) techniques to 
developing countries
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