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Bioinformática y Biología Computacional.
 ¿Por qué es tan importante?

...Porque la ingente cantidad de datos y la complejidad de sus relaciones hacen inviable 
su procesamiento manual (y su reproducibilidad peligra).

...Porque se necesita una perspectiva global del diseño experimental y del análisis de 
resultados.

...Porque la disponibilidad de archivos digitales permite generar hipótesis verificables 
sobre la función/estructura de un gen o proteína de interés por medio de la 
identificación de secuencias similares en organismos mejor caracterizados.
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Biology in the 21st century is being transformed from a purely lab-
based science to an information science as well. 

Fuente: National Center for Biotechnology Information
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¿Con qué tipo información tratamos en 
Biología y Biomedicina?

• Datos Biológicos

• Características:
– Complejos
– Jeráquicos
– Heterogéneos
– Dinámicos
– Incompletos

Átomos

Proteínas

Interacciones

Rutas

Células

Fisiología

Organismos

Poblaciones
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GenBank has doubled in size 
about every 18 months

GenBank.	  Benson	  et	  al.	  Nucleic	  Acids	  Res.	  2011	  Jan;	  39:D32-‐7.

Release182	  (Feb	  2011)

380	  thousand	  organisms
132	  million	  sequences
124	  billion	  base	  pairs

lunes 25 de julio de 2011



GenBank contains nucleotide sequences for more than
380.000 named organisms

GenBank.	  Benson	  et	  al.	  Nucleic	  Acids	  Res.	  2011	  Jan;	  39:D32-‐7.
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PDB Searchable structures per year

Last	  updated:	  Jul	  2011	  -‐	  hOp://www.rcsb.org/pdb/staRsRcs/
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¿PODEMOS REALMENTE
“ENTENDER” TODA ESTA 

“INFORMACION”???
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Bioinformática Funcional

   Desarrollo de métodos automáticos que ayuden en 
la interpretación funcional de los resultados 
experimentales
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Work horse technology: Micro.arrays
Epigenetic studies

CGH

Transcriptional profiling

Genotyping

Methylation

Protein Expression

Splice Variant studies

Protein selection or attachment by aptamers

Protein-ssDNA interactions

Protein-dsDNA interactions

Apart from quality issues, data interpretation is currently the main bottleneck in 
microarray analyses. In particular, the automated integration of complementary 
information in analysis algorithms is not yet well established.

Jörg D. Hoheisel: “Microarray technology: beyond 
transcript profiling and genotype analysis.” Nature 
Genetics, Vol 7. (2006)
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High-throughput sequencing

• ‘ChIP-Seq’, or genome-wide mapping of DNA-protein interactions 
• ‘RNA-Seq’, analogous to expressed sequence tags (EST) or serial analysis of gene expression (SAGE))
• Full-genome re-sequencing or more targeted discovery of mutations or polymorphisms
• Mapping of structural rearrangements, including copy number variation, balanced translocation breakpoints and chromosomal 

inversions
• Large-scale analysis of DNA methylation
• Epigenomic state: Differences in DNA methylation patterns

Roche’s 454 Illumina’s Solexa ABI’s SOLiD
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Future trend
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SeqSolve: NGS
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“I think you should be more explicit here in 
step two.”
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Main goal of Functional Bioinformatics:

Development of 
new analysis methods 
embedded in efficient 

software tools
Transcriptomics

ProteomicsMetabolomic

Biomedical
Literature

Laskdlaksdjfasdfasdf
Laskdjflksdjflasdfasdf
Jalsdkjflsakdjfldsasdf
Laksdjflskdjflskdjfldsk
jflassdfasdf
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DATOS EXPERIMENTALES => CONOCIMIENTO

TOMA  DE DECISIONES

BUSQUEDA DE PATRONES: DATA MINING
Redes Neruronales, clustering,

Metodos estadísticos….

INTERPRETACION
DE LOS RESULTADOS

CONOCIMIENTO

PREPROCESAMIENTO 
DE LOS DATOS

BASES DE DATOS DE 
EXPRESIÓN GÉNICA

  EXPERIMENTOS 
DE ARRAYS

lunes 25 de julio de 2011



PERO…. QUE ES “DATA MINING”???
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CONOCIMIENTO BIOLOGICO A PARTIR DE LOS DATOS

Eisen et al., PNAS 1998

Find group of genes sharing similar expression 
patterns. 

Clustering algorithms remain the most popular 
computational approach to analyze microarray 
data in this line. These methods organize 
complex expression datasets into tractable 
clusters of genes sharing similar expression 
patterns.

Then, we obtain a list of genes that share a 
similar expression pattern… but, why these genes 
have a similar expression pattern?
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List of genes

Biological knowledge

Functional 
relationships
Upstream sequence 
motifs
Literature searches
Gene Ontology …

BIOLOGICAL KNOWLEDGE FROM GENE 
EXPRESSION DATA

Eisen et al., PNAS 1998
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 Interpretación de datos de 
expresión génica:

 Anotaciones
y análisis de co.ocurrencia
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Data: Geographical information of a particular region
Metadata: Different types of annotations can be over lied on a model

• Points of interest
• Pictures
• Etc.

Integrating Geo-Annotations
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GO Tools in microarrays:
http://www.geneontology.org/GO.tools.microarray.shtml

More than 
60!
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 But all of these tools analyze an annotation independently of each other

Drawbacks of these methods….
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Gene Annotation Co-ocurrence discovery

10000 (N) genes analyzed
&

n genes are significantly 
over-expressed
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Gene Annotation Co-ocurrence discovery

Find combinations of terms that
appear in at least x genes

10000 (N) genes analyzed
&

n genes are significantly 
over-expressed
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Gene Annotation Co-ocurrence discovery

x genes with a term/s combination in n
M genes with a term/s combination in N
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Gene Annotation Co-ocurrence discovery
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Pedro Carmona-Saez, Monica Chagoyen, Francisco Tirado, Jose M Carazo and Alberto Pascual-Montano. 
GENECODIS: A web-based tool for finding significant concurrent annotations in gene lists. Genome Biology. 2007 Jan 
4;8(1):R3
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GENECODIS: http://genecodis.dacya.ucm.es/
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Genecodis statistics (50.000 accesses since Jan 
2007!!!!)
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 Interpretación de datos de 
expresión génica:

 Anotaciones
y análisis de reglas asociativas

lunes 25 de julio de 2011



DESCUBRIMIENTO DE REGLAS DE ASOCIACION

x Y
Z

Detecta conjunto de atributos que co-ocurren frecuentememte, así como
Reglas entre ellos

Se ha usado mucho en supermercados  para descubrir 
elementos que se  vendían juntos. “Market Basket 
Analysis”

Transactions -> Basket
Items-> Products
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EJEMPLOS DE REGLAS DE ASOCIACION 

 Soporte es el porcentaje de registros que contienen una cierta combinación de 
elementos. Por ejemplo, el 40% de los clientes compra manzanas y melocotones 
al mismo tiempo. 

LHS
Antecedente

RHS
Consecuente

Peaches Bananas,Apples Þ

La “confianza” es una medida de la bondad de la regla. Esto es, si el cliente ha 
comprado un producto, ¿cuál es la probabilidad de que compre otro? 
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El método puede extraer:
• Reglas entre  genes         ( [+]Gen1->[+]Gen2, [+]Gen3,[-] Gen4)
• Reglas entre atributos de los genes y condiciones experimentales
•(Cell Cycle-> [-]Exp1, [+]Exp2)

• Reglas entre condiciones experimentales ([+]Exp1-> [+]Exp2, [+]Exp3)
• Reglas entre atributos de los genes (Cell cycle->Cluster 1)

DATOS DE MICRO ARRAYS

Characteristics Characteristics Characteristics ...
Gen Function Pathway Promoter Cluster Exp1 Exp2 Exp3 …
Gen 1 Cell cycle ATM Signaling Pathway Seq1 Cluster 1
Gen 2 Aa Metabolism Biosynthesis of Lysine - Cluster 4
Gen 3 Cell cycle G1/S Chekpoint Seq1,Seq2 Cluster 1
Gen 4 Apoptosis FAS signaling pathway Seq3 Cluster 2
Gen 5 Signal transduction ATM Signaling Pathway - Cluster 1
… … … … …
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ARD AND GENE EXPRESSION DATA ANALYSIS
A NOVEL APPROACH
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EngeneTM

Gene-Expression Data Processing and
Exploratory Data Analysis

http://www.engene.cnb.uam.es
(García De La Nava, et al., Bioinformatics 2003) 

ASSOCIATION RULES DISCOVERY SOFTWARE
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 Interpretation of gene 
expression using PubMed:

El caso de “NMF”
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The “maths” Beauty: Text Mining of 
biomedical data with nsNMF

Discovering semantic features in the literature: a 
foundation for building functional associations

Chagoyen M, Carmona-Saez P, Shatkay H, Carazo JM, Pascual-Montano A.
Discovering semantic features in the literature: a foundation for building functional associations
BMC Bioinformatics. 2006 Jan 26;7(1):41 
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Document processing

CAC1/RLF2 encodes the largest subunit 
of chromatin assembly factor I (CAF-I), 
a complex that assembles newly 
synthesized histones onto recently 
replicated DNA in vitro. 

AGA1
RLF2
…

Gene set

Gene – Document set

Preprocessing

AGA1
RLF2

…

Stop words
Stemming
Filtering

Vector space
representation

Attachm Chromatin DNA Wall

AGA1 1 0 0 0.8

RLF2 0 0.9 0.5 0

… … … … …

Term frequency
weighting
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CAC1/RLF2 encodes the largest subunit 
of chromatin assembly factor I (CAF-I), 
a complex that assembles newly 
synthesized histones onto recently 
replicated DNA in vitro. 

AGA1
RLF2
…

Gene set Gene – Document set

Preprocessing

Gene – Term set

AGA1
RLF2

…

RLF2

AGA1

chromatin, dna, …

wall, attachment, …

Gene – Semantic profile

AGA1

RLF2

Clustering

Gene subsets
&

features 

…

Mónica Chagoyen, Pedro Carmona-Sáez,  Hagit Shatkay, José María Carazo and  Alberto 
Pascual-Montano. Discovering semantic features in the literature: a foundation for building 
functional associations. BMC Bioinformatics 2006, 7:41

Attachm Chromatin DNA Wall

AGA1 1 0 0 0.8

RLF2 0 0.9 0.5 0

… … … … …
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… … … … …

Non-negative Matrix Factorization (NMF)

m: number of items 
n: original dimensionality 
k: reduced dimensionality

Encoding vectorskxmH
FactorsnxkW

Original datanxmV

x k << n
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IEEE Trans Pattern Anal Mach Intell. 2006 Mar;28(3):
403-15.

Nonsmooth nonnegative matrix factorization (nsNMF).

Pascual-Montano A, Carazo JM, Kochi K, Lehmann D, 
Pascual-Marqui RD.
.
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Advantages
• Low-dimensionality
• Latent semantics
• Non-orthogonality
• Interpretability

p53

‘apoptosis’

‘cell cycle’

x
term-frequency vector feature vector

Gene representation:

W
H

semantic features
semantic profiles

biological topics
gene topical profile

Chagoyen M, Carmona-Saez P, Shatkay H, Carazo JM, Pascual-Montano A.
Discovering semantic features in the literature: a foundation for building functional associations
BMC Bioinformatics. 2006 Jan 26;7(1):41 
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bioNMF: Non-negative Matrix Factorization in 
Biology

Pascual-Montano A, Carmona-Saez P, Chagoyen M, Tirado F, Carazo JM, Pascual-Marqui RD . bioNMF: A versatile tool 
for non-negative matrix factorization in biology. BMC Bioinformatics 2006 7:366 

Mejía-Roa, E., Carmona-Saez, P., Nogales, R., Vicente, C., Vázquez, M., Yang, XY., García, C., Tirado, F., Pascual-Montano, A.. bioNMF: A web-
based tool for Non-negative Matrix Factorization in biology. Nucleic Acid Research. 2008. doi: 10.1093/nar/gkn335
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bioNMF: statistics (~ 7000 downloads)
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The bioNMF core: NMF

• Multiple possible implementations
– C / ATLAS libraries (~ BLAS)
– GPGPU
– C and MPI

E. Mejía,I. Gómez , M. Prieto, A. Pascual, F. Tirado “Programación bajo un modelo basado en 
flujos. La factorización NMF como caso de estudio”. Procs. XVII Jornadas de Paralelismo, pag. 
461-466, Septiembre 2006
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NMF in GPU
• Synthetic data matrix.
• Number of factors k = 64.
• 2000 fixed loops (no test of convergence).

lunes 25 de julio de 2011



El Gran Reto: Pasar de la 
Información al Conocimiento

• Mecanismos de gestión inteligente de grandes 
volúmenes de datos producida en grandes 
proyectos colaborativos: LIMS

• Mecanismos para integrar fuentes de datos de 
datos heterogeneas: Mediadores 

• Mecanismos para hacer aflorar “patrones 
ocultos” en los datos: KDD (Knowledge 
Discovery and Data Mining)
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El Gran Reto: Pasar de la 
Información al Conocimiento

• Hemos aprendido a “leer” el alfabeto del 
DNA………. Ahora debemos de entender qué 
significa!!!

• Es un largo trabajo, pero sabemos en que 
direcciones proseguir y estamos trabajando!.
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The Biocomputing Unit

•Methods in EM and X-ray Tomo

•Dr. Sjors Scheres 

•Dr. Roberto Marabini (UAM)
• Ignacio Arganda and Ana Iriarte (UAM)

•Dr. Carlos Oscar Sánchez 
•Dr. Roberto Valerio 

• National Institute of Bioinformatics

• Dra. Natalia Jiménez-Lozano
• Joan Segura
• Jose Ramón Macias
• Juanjo Vega

• Structural biology of helicases 

•Dr. Martín Alcorlo 
• Roberto Melero and Marta Rajkiewicz

•Dra. Sami Kereiche

• Structural biology of the centrosome 

• Dra. Rocio González 
• Dr. Johan Busselez 

• Support: 
• Blanca Benítez
• Jesus Cuenca

• Gene Expression Data Analysis-UCM 
(collaboration with Dr. Alberto Pascual)

• Dr. Federico Abascal 
• Mariana Lara

• Main external collaborators 
•Prof. Gabor Herman (NYU)
•Prof. Ellen Fanning (Vanderbilt)
•Prof. Xiojiang Cheng (USC)
•Prof. Juan Carlos Alonso (CNB)
•Prof. J. Frank (Columbia)
•Dr.Sergio Marco (Curie)
•Dr. Michel Bornens (Curie)
•Dr.Mikel Valle (Biogune)
•Dra. Carmen San Martín (CNB)

• Integromics Inc.

• Philadelphia, Madrid, Granada, Russe and Beijing
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Jose-Maria Carazo, Carlos Sánchez Sorzano, Roberto Marabini

 them?: The 26S caseStructural Flexibility, Variability and Function, how 
can we study them?: The 26S case
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Life based on molecular machines

DNA replication Protein synthesis Dynein motion
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Life based on molecular machines

DNA replication Protein synthesis Dynein motion
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The 26S “Cartoon presentation”
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An electron microscope
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Image formation in 3D-EM
• Under the Weak Phase Object approximation, the Electron 

Microscopy images are X-ray Transforms of the Coulomb potential 
of the biological macromolecules

(The inelastic scatering is 
negligeable versus the elastic 
scatering, and this latter one can be 
modelled as a lineal process)
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Analogy: Data adquisition for CT
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Reconstruction as a 
linear set of equations
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Reconstruction as a 
linear set of equations

lunes 25 de julio de 2011



The 26S “Cartoon presentation”
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The “26S Case”

• The “20S core” and the variable parts
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Molecular machines

F1-ATPase: Abrahams et al., 1994 Dutch windmill

15
 1

0-9
 m

15
 m
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An analogy to “conformational changes”
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Statistical model

Each image is a projection 
of one of K underlying 3D 
objects k

k = 1 k = 3k = 2
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Statistical model

Each image is a projection 
of one of K underlying 3D 
objects k

with addition of 
white Gaussian noise

k = 1 k = 3k = 2
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Statistical model

Each image is a projection 
of one of K underlying 3D 
objects k

with addition of 
white Gaussian noise

Unknowns: the 3D objects
k, orientations

k = 1 k = 3k = 2
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Log-likelihood function
• Adjust model to maximize the log-likelihood of observing 

the entire dataset:
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Log-likelihood function
• Adjust model to maximize the log-likelihood of observing 

the entire dataset:

The model comprises: • estimates for the underlying objects
• estimate for the amount of noise (σ)
• statistical distributions of k & orient.
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Log-likelihood function
• Adjust model to maximize the log-likelihood of observing 

the entire dataset:

Expectation Maximization

The model comprises: • estimates for the underlying objects
• estimate for the amount of noise (σ)
• statistical distributions of k & orient.
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m
od

el
: A

Statistical model
da

ta
: X

Aj Xj

σ

for each pixel j:

( )(Xj – Aj)2

-2σ2
P(Xj|Aj)∞exp

White noise = 
  independence between pixels!

j

P(data image|model image) ~

Π P(Xj|Aj)
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And now, some “maths”: We need to find a 
(very good) solution to deal with “structurally 

heterogeneous mixtures”.

Nature Methods, 2007; Structure, 
2007, 2009;  Acta Crys. 2009; JSB 
2009,
Structure, JSB, 2010
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ML3D: Some applications…

Ribo + EFGRibo
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ML3D: Some applications…

Ribo + EFGRibo
LTA with varying degree of bending
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LTA AT-Cter LTA EP-Cter
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ML3D: Some applications…

Ribo + EFGRibo
LTA with varying degree of bendingCCT + Hsc70 CCT

LTA AT-Cter LTA EP-Cter
“Normal” 
ribosome

“Hybrid” 
ribosome
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ML3D: Some applications…

Ribo + EFGRibo
LTA with varying degree of bendingCCT + Hsc70 CCT

LTA AT-Cter LTA EP-Cter
“Normal” 
ribosome

“Hybrid” 
ribosome

26S proteasome

+ mass- mass
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Scipion
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Scipion

an image processing framework
for 3D Electron Microscopy
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INSTRUCT: An Integrated 
Structural Biology Infrastructure 

for Europe
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I2PC
INSTRUCT: An Integrated 

Structural Biology Infrastructure 
for Europe
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I2PC
INSTRUCT: An Integrated 

Structural Biology Infrastructure 
for Europe
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a multiplatform, modular, Java 
application based in the 

Netbeans IDE
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a web-based application, 
running on any web 

browser
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SCIPION

Web Services

Worker Host

DB server
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all Project-related 
information stored in 
a centralized Data 

Base

SCIPION

Web Services

Worker Host

DB server
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an XML-formatted
Task definition is 

created

Task
XML

SCIPION

Web Services

Worker Host

DB server
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the Task order is 
processed  by a 

launcher script …

XML

SCIPION

Web Services

Worker Host

DB server
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… one execution 
script

 is activated for each 
sub-Task

SCIPION

Web Services

Worker Host

DB server
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Worker Host

results are regularly 
stored in XML-format

SCIPION

Web Services

Worker Host

DB server

XML
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SCIPION 
regularly checks 

for 
Task completion

SCIPION

Web Services

Worker Host

DB server

XML
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upon completion,
Task results are 

collected …

XML

Task resultsSCIPION

Web Services

Worker Host

DB server
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… and Project 
status is updated 

in the DBSCIPION

Web Services

Worker Host

DB server
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Import Micrograph
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Host: localhost
Path: /img/.../*.tif

Import Micrograph
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Micrograph Stack
Id: 119632

Import Micrograph
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Micrograph Stack
Id: 119632

Import Micrograph

CTF Estimation
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Micrograph Stack
Id: 119632

Import Micrograph

CTF Estimation

CTF Stack
Id: 119687
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Micrograph Stack
Id: 119632

Import Micrograph

CTF Estimation

CTF Stack
Id: 119687

CTF Correction

lunes 25 de julio de 2011



Micrograph Stack
Id: 119632

Import Micrograph

CTF Estimation

CTF Stack
Id: 119687

CTF Correction

Micrograph Stack
Id: 125924
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Particle Picking

Micrograph Stack
Id: 119632

Import Micrograph

CTF Estimation

CTF Stack
Id: 119687

CTF Correction

Micrograph Stack
Id: 125924
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Particle Stack
Id: 130116

Particle Picking

Micrograph Stack
Id: 119632

Import Micrograph

CTF Estimation

CTF Stack
Id: 119687

CTF Correction

Micrograph Stack
Id: 125924
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Micrograph Stack
Id: 119632

Import Micrograph

CTF Correction

CTF Estimation

CTF Stack
Id: 119687

Micrograph Stack
Id: 125924 Particle Picking

2D Classification

Particle Stack
Id: 130116
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Micrograph Stack
Id: 119632

Import Micrograph

CTF Correction

CTF Estimation

CTF Stack
Id: 119687

Micrograph Stack
Id: 125924 Particle Picking

2D Classification

Particle Stack
Id: 130116

Particle Stack
Id: 130248

Particle Stack
Id: 130249
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Micrograph Stack
Id: 119632

Import Micrograph

CTF Correction

CTF Estimation

CTF Stack
Id: 119687

Micrograph Stack
Id: 125924 Particle Picking

2D Classification

3D reconstruction

3D reconstruction

Particle Stack
Id: 130116

Particle Stack
Id: 130248

Particle Stack
Id: 130249
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Micrograph Stack
Id: 119632

Import Micrograph

CTF Correction

CTF Estimation

CTF Stack
Id: 119687

Micrograph Stack
Id: 125924 Particle Picking

2D Classification

3D reconstruction

3D reconstruction

Particle Stack
Id: 130116

Particle Stack
Id: 130248

Particle Stack
Id: 130249

3D map
Id: 130327

3D map
Id: 130355
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Micrograph Stack
Id: 119632

Import Micrograph

CTF Correction

CTF Estimation

CTF Stack
Id: 119687

Micrograph Stack
Id: 125924 Particle Picking

2D Classification

3D reconstruction

3D reconstruction

Particle Stack
Id: 130116

Particle Stack
Id: 130248

Particle Stack
Id: 130249

3D map
Id: 130355

3D map
Id: 130327
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Advantages of using 
SCIPIONTraceability

• covering in detail all the steps involved in a project, registering all the participating 
parameters, input and output data.

Standardization and Normalization
• of protocols that can then be reviewed and followed by other colleagues, allowing 
“learning by example”.

Repeatability
• with a new set of parameter values, as a first step towards…

Automation
• reducing the manual intervention in tedious and repetitive duties, so releasing more 
resources to other tasks.
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Integromics in the nutshell: 
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National Center for Biotechnology
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Madrid, Spain
• 
•Where are we on the world?
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Madrid, Spain
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Victor Canivell, PhD  (President)
• Doctor en Ciencias Físicas, Universidad de Barcelona

• MBA por ESADE 

• Hewlett Packard, Vice President, Europe

• Silicon Graphics, Vice President, Europe

• 3Com, Vice President, Europe

• SSA Global

• Así como diez años en empresas innovadoras tipo start-
up (Aspective, ahora Vodafone en Londres, Safelayer y 
Wisekey ELA en nuestro país)

• Actualmente es miembro del Consejo de dos empresas 
de biotecnología (Integromics y ERA Biotech), con una 
marcada vocación internacional
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Where we are?
Technological 

Partners

 Integromics 
www.integromics.com

Offices 
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The R&D department of Integromics is actively publishing in the most 
prestigious international scientific journals

• Published in 2010

– Comprehensive polyadenylation site maps in yeast and human 
reveal pervasive alternative polyadenylation.
Ozsolak F, Kapranov P, Foissac S, Kim SW, Fishilevich E, Monaghan AP, John 
B, Milos PM.
Cell. 2010 Dec 10;143(6):1018-29.

– New class of gene-termini-associated human RNAs suggests a 
novel RNA copying mechanism.
Kapranov P, Ozsolak F, Kim SW, Foissac S, Lipson D, Hart C, Roels S, Borel C, 
Antonarakis SE, Monaghan AP, John B, Milos PM.
Nature. 2010 Jul 29;466(7306):642-6.

– Laboratory information management systems in the “Omics” era. 
González Couto E.
LifeSciencesLab. 2010  Mar-Apr; 38-40.

– Data Management, Analysis, Standardization and Reproducibility 
in a ProteoRed Multicentric Quantitative Proteimics Study with 
OmicsHub Proteomics Software Tool. Yankilevich, P., J Biomol 
Tech. 2010 September; 21(3 Suppl): S35

– OmicsHub Proteomics Software Tool, Yankilevich, P., , J Biomol 
Tech. 2010 September; 21(3 Suppl): S21

(Integromics authors highlighted underlined and in BOLD)

• Interna'onal	  Ranking

Source	  hOp://en.wikipedia.org/wiki/
Impact_factor
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Integromics in the media

• Spanish 2006: 
– 1st Prize as “Highest Potential Company”

• Europe 2007: 
– 1st Prize “Most Innovative Bioinfo Company”
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Integromics in the media

• Spanish 2010: 
– Mejor empresa en I+D+i (Accesit) 
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Current Customers of Integromics

The Norwegian Microarray 
Consortium
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