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Main research lines 

• Molecular Simulations 

• Alternative Splicing 

• Genomics from HiSeq 

• Genetic basis of complex disseases 

 

• Software development 



Basic Analysis 

Server 

Protein MD 

Validation 

Protein Structure 

External DDBB 

Specialized Analysis 

Curate MD 

Coarse-Grained 

Dynamics 

Analysis 

http://mmb.pcb.ub.es/MoDEL


Solvent Minimization

SANDER (AMBER)

“Titrated” PDB 

RESTRAINT on protein

Warm up the waters until 300K

Lower down restraints on protein

Restraint just in backbone

Keep lowering down restraints

100 psWithout restraints

40 ps

20 ps – K=25 Kcal/mol·A
2

20 ps – K=1 Kcal/mol·A
2

20 ps – K=10 Kcal/mol·A
2

Parmtop & 

Coordinates

Equilibration

Unified PDB 

Dertermine Box Size & Number of 

Waters
tLeap

Neutralize

CMIP

Add Structural Waters (30 first ones)

Box WaterstLeap

“Titrated” PDB 

PDB Entry

Strip Hydrogens

Assign Residue Types

Strip Bulk Waters

Contains unknown ligand?

Strip Monovalent Ions

Generate Ligand Parameters

PDB DB

Reside & Ligands 

Charges DB
Add Sulfur Bridges

Add Missing Atoms / Add Charges

Minimize

Neutralize

Determine Protonation

tLeap

CMIP

Sander

add new ligand

get entry

Unified PDB 

Entry





Predicting SiRNA efficiency 

MD 

{RNA}i , {X}i  

AI training 

SVM, NN, 

PLS,… 

Validation 
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i ie

this is our input to 

run the algorithm 

initial condition: all atoms in their equilibrium 

positions 
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similarity index, 

force constant, 

etc. 

Speed-up by a factor of 1000 
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FLEX-SERVER 

 

Hinge prediction 

http://www.inab.org/








Prediction of protein interaction sites from 

protein family sequence analysis 

human ornithine aminotransferase 

(PDB 1oat) bound to Pyridoxal-5'-

phosphate (red spheres). The two 

subunits of the complex are shown in 

brown cartoons and grey surface. Key 

predicted residues (SDPs) in 

yellow/violet spacefill and green 

surface respectively.  

Correspondence analysis of multiple 

sequence alignments to identify sequence 

groups and associated significant residues 

(SDPs) 



Predicting interaction networks 

Detecting  

Evolutionary Similarities 
Contrast function 



HEX only surface complementarity 

(same results with other packages) 

HT docking: all against all protein docking. 56 unbound proteins 

against a benchmark of  633 proteins producing 20,000 models for 

each one of  them (total of  more than 700 M models) 



Alternative Splicing 
In the past few 

years, it has become 

clear that a 

phenomenon called 

alternative splicing 

is one reason human 

genomes can 

produce such 

complexity with so 

few genes.* 

*Science, July 2005 

In allowing for the generation of a diverse range of mature 

RNAs from the same gene, alternative splicing allows has 

considerable theoretical potential to expand the range of 

cellular proteins. 

 

Recent studies estimate that 40–80% of multi-exon human 

genes can produce differently spliced mRNAs.  

 

There are many studies that implicate alternative transcripts 

in biological processes such as development. 

 

This has lead to the hypothesis that alternative splicing 

can explain the apparent lack of correlation between 

organism complexity and numbers of genes. 

Internal splicing 

C-terminal splicing 

Internal Deletion 

C-terminal Substitution 

Internal Substitution 

Alt. Exon 

Alt. Exon 





Using Flux, CRG group has 
been able to discover 

mutations with opposite 
effects on alternative 

transcript variants within 
the same gene 

Montgomery et al. Nature. 464:773–777 



The Flux Capacitor. Compute transcript 

abundance from RNASeq experiments  

 



Under revision 





Experimental verification through RNAase 
protection assays 

Inter-genic (trans) splicing 



Trans-splicing and the human genome 

CRG generated database 

of possible joined exons 

 

         Search Space: 

300,370    

        joined peptides. plus 

an 

        equivalent random 

set 

        of controls.  We did detect a number of 

chimeric junction-

spanning peptides, but the 

huge increase in search 

space size re-sized the 

spectra-peptide match e-

values (which in turn 

influenced the combined 

p-values). 

Human genome: 72h 
Possible exon joins: 190e9. A subset of 300.370 junctions (1/58 of the 
combinations for chromosome 21 and 22) 68h = 43000 days 



Canonical Splicing variants 

APPRIS: analysis of functional 

annotations for alternative splice forms  

Rodriguez et al., NAR 2012 

 

GENCECODE/ENCODE:  

Gen Res 2012, Nature 2012 



Two overlapping  mass-spec peptides,  (18 
experiments, Pvalue<10-7, FDR<1%) 
Dr. Levin, Weizmann Institute 

Chimeras may produce 

a dominant negative 

effect 

Nat Rev Genet 

Transplicing/chimeric mRNAs 



ChiTaRS: chimeric transcripts/proteins Database 

Morgenstern et al.,  NAR 2012 

 

 - Large scale identification 

- RNAseq, ESTs, Literature, MS-  

- Validation of junction sites 

- Graphical output 

 



Genomics from HiSeq 







Genetic basis of complex 

disseases 

Chronic Lymphocitic Leukemia 



CLL-ICGC. Cancer Project  

50 cancers 
 

25000 cancer 
genomes 



Centro Nacional de  

Análisis genómico 

(cnag) 

 

Exome and  

whole-genome 

sequencing 

Data Storage, Management  

and processing 

Identification of 

 Cancer specific  

indels through  

whole-genome assembly 

Results and  
raw data 

Cancer and  
normal DNA from  
500 CLL patients 

Experimental  
validation 

ICGC DATA PROCESSING WORKFLOW 



WW

W 

DBM

S 

WWW 

Biomart 
DBMS 

WWW 

Biomart 
DBMS 

Analysis 

Cluster 

gateway 

… 

Storage 

facilities Dedicated link 

F
ir

e
w

a
ll 

F
ir

e
w

a
ll 

Development servers 

Production servers 

BSC & INB comp. facilities 

CLL-IGCC Cluster 

ICGC central DCC 

 

CLL-ICGC users 

 

External users 

CLL-ICGC  

Groups 

Backup Backup 

CLL INFRASTRUCTURE SETUP 

Col. S.Girona 



Chronic Limphocytic Leukemia 
Análisis de los datos de Hseq de Chronic Lymphocytic Leukemia 

(CLL) Genome Project: Objetivo entender las bases genéticas de la 

Leucemia 

Secuenciación 

Genoma 

BSC 

500 Paciente 

 

Data Management 

esperable 1.5 Pb  

HPC Computing 

Hasta 10% uso de MN 

Validación 

Experimental 

Objectivo: Encontrar la bases genéticas de la Leucemia 

Nature 2011; Nature Genetics 2012, Nature Genetics 2012 

http://www.cllgenome.es/


Toll Like Mutations  
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