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Research Programmes 
Gene Regulation

 > Chromatin and gene expression
 > Regulation of alternative pre-mRNA splicing during cell 

differentiation, development and disease
> Regulation of protein synthesis in eukaryotes

> Translational control of gene expression

Differentiation and Cancer
 > Hematopoietic differentiation and stem cell biology

> Reprogramming and regeneration
> Epigenetics events in cancer

> Epithelial homeostasis and cancer
> Mechanisms of cancer and aging

Genes and Disease
 > Genetic causes of disease

> Gene therapy
> Gene Function and murine models of disease

> Neurobehavioral phenotyping of mouse models of disease
> Genomic and epigenomic variation in disease

 Bioinformatics and Genomics
 > Bioinformatics and genomics

> Comparative bioinformatics
> Comparative genomics
> Evolutionary genomics

> Gene function and evolution

Cell and Developmental Biology
> Intracellular compartmentation

> Microtubule function and cell division
> Sensory cell biology and organogenesis

> Coordination of cytokinesis with chromosome segregation
> Biomechanics of morphogenesis

> Organelle biogenesis and homeostasis
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Systems Biology
> Design of biological systems
> Systems analysis of development
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> Genetic systems
> Sensory systems and behaviour
> Comparative analysis of developmental systems
> Antibody Project
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> Genomics Unit
 Genotyping Unit
 Ultrasequencing Unit
 Microarrays Unit
> CRG/UPF Proteomics Unit
> CRG/UPF Advanced Light Microscopy Unit
> High-Throughput Screening Unit
> Bioinformatics Unit
> CRG/UPF FACS Unit
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> Histology Service
> Protein Expression Service

CRG Transversal Institutional Project

Highlights:
> Gene Regulation Programme: “New functions for new genes: non-coding RNAs get into the action”
> Differentiation and Cancer Programme: “To be or not to be, that is the question”: the role of the ZRF1 
gene in embryonic development and carcinogenesis”
> Genes and Disease Programme: “A new mechanism involved in the regulation of stem cells in the 
adult brain”
> Bionformatics and Genomics Programme: “Big bang in the protein universe”
> Cell and Developmental Biology Programme: “A new secretory pathway for proteins”
> Systems Biology Programme: “New success for computational biology: new discoveries about the 
limb development ”
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During 2010 the financial crisis continued to influence the development of the CRG. Our original plan was to reach almost completion of 
the number of groups by the end of 2010 or beginning of 2011, but we had to postpone this plan and have limited our recruitments con-
siderably, in order to guarantee that the activity of the CRG scientists remained relatively unaffected. In April Pia Cosma, from the TIGEM 
in Naples, started at the CRG in replacement for Pura Muñoz, who left the Differentiation and Cancer programme in 2009. Pia is a world 
expert in cell reprogramming and regeneration via stem cell fusion and had received an ERC Starting Grant and an ICREA Research Pro-
fessor position. In the Bioinformatics and Genomics programme a new junior group leader, Gian Gaetano Tartaglia, from the University of 
Cambridge, in United Kingdom, joined the CRG in May to work in gene function and evolution.

In 2010 two other scientists of the CRG received ERC grants: Vivek Malhotra got an Advanced Grant and Manuel Mendoza got a Starting 
Grant. This brings the total number of ERC grants at the CRG to 7 (2 Advanced and 5 Starting), of which 6 were given to non-Spanish 
scientists, a sign for the capacity to compete for the best colleagues in the international arena.

In April 14, the CRG received the Narcis Monturiol Plate in recognition of its contribution to biomedical research, genomics and proteo-
mics. The jury underlined the relevance of having established a new model of running scientific research aiming at excellence, mobility and 
internationality. In June 21 the neurobiologist, Mara Dierssen, was awarded the International Sisley-Jerome Lejeune Prize at the Museum 
for Medical History in Paris.

In July the science journalist Luis Angel Fernández finished a book entitled The CRG: Immersion in the Century of Genomics, which des-
cribes the life of the CRG scientists, their ways of approaching scientific questions, as well as their insertion in the local and international 
research and social environment. The book, published in Catalan and Spanish, was targeted to the educate citizens but had a very positive 
reception by the scientific community. 

In February the CRG Core Facilities were presented to the scientific community and to the media in a set of talks followed by a guided 
visit. During the year we had other meetings focused on specific Core Facilities, including a Technology Symposium on Super-Resolution 
Microscopy, co-organized with ICFO. In June the CRG postdoctoral community organized its first Symposium, following the model of the 
PhD Students Symposium, which this year took place in November. In July the CRG, in collaboration with Biocat, organized the ENCODE 
Symposium, to discuss the advances and the remaining challenges of this key project for genomics. The first meeting of this community 
outside the US was co-organized by Roderic Guigó and was followed by a large audience. Three other meetings were organized by the 
CRG in October: the Leica International Course on Advanced Confocal Microscopy, the ESF-EMBO Symposium on Functional Neuro-
biology in Minibrains, and our IX Annual Symposium on Medical Genome Sequencing, which was a great success within the scientific 
community and in the media. 

In the spring we interviewed 30 candidates for the 10 positions of the third call of the International PhD Programme generously financed 
by the “la Caixa” Foundation. The positions were filled with excellent candidates from many different nationalities, who joined the program 
in the fall. 

A very important event this year was the evaluation of the two programmes Cell & Developmental Biology and Systems Biology, including 
the EMBL/CRG Systems Biology Research Unit, by a review panel composed of members of our SAB and ad hoc reviewers. The review 
took place in November 3 and 4 and was very successful. All group leaders and the programme coordinators received excellent reviews 
by the panel members, who recommended continuation and further support for the two programmes and the EMBL-CRG Partnership.

Finally another very important process was started this year, namely the search for a new CRG director. The CRG rules specify that the 
director cannot stay for longer than two 5-years terms. Therefore, the position was announced in Nature and candidates sent their appli-
cations to the chairman of our SAB, Kai Simons. The SAB evaluated the applications and proposed Luis Serrano as the most suitable 
candidate. The CRG Faculty accepted this proposal and Luis will take over as soon as the Board of Trustees approves the SAB choice.

At the end of 2010 there were 249 scientists (38 group leaders and unit heads, 107 staff scientists and postdoctoral fellows, 104 PhD 
students), 103 technicians and 59 administration personnel working at the CRG. Over 60% of the group leaders, postdocs and graduate 
students are foreigners. 

Although the economic crisis will last for another couple of years, we are confident that the quality and strength of both our scientific com-
munity and our management team will help us to continue our work without serious damage. This optimism is supported by the return to 
the Catalan government of the person who created the CRG in his goal to bring international visibility to Catalan science. His nomination 
in December was a good Christmas present and the best way to close a complicated year.



GENE REGULATION
Coordinator: Miguel Beato



    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Annual Report 2010 .17 

At the beginning of 2010, the programme lost Josep Vilardell, one of the founder Group Leaders, 
who after 9 years at the CRG earned an ICREA Research Professor position and moved to the 
Institute of Biomedical Research (IRB). Josep worked at defining the mechanism of splicing regu-
lation by RPL32 in yeast and generated important results published in 2006 and 2009 in Molecular 
Cell. He described the characterization of the splicing-repressed complex containing L30 trans-
cripts (“inhibited complex, IC”) characterized in in vitro splicing and ChIP assays. 

Due to cuts in our budget, we could not fill the position of senior scientist previously occupied 
by Ramin Shiekhattar, nor the free junior group leader position, although the positions were 
announced and we got excellent candidates. 

During 2010 the different groups of the programme have incremented the use of genome wide 
studies, in particular Illumina/Solexa sequencing for studying chromatin structure, epigenetic 
marks, RNA transcripts and alternative splicing. A “Chromatin Group” has been created including 
members of three different programmes that meet once a month to report on the progress of va-
rious epigenetic projects. Moreover, groups working on splicing and chromatin in the programme 
have started a collaboration that includes co-mentoring of a graduate student. A sign of these 
multiple collaborations is the highlighted paper summarized at the end of this report in which two 
groups from the programme and a bioinformatics group are co-authors. 

> Chromatin and Gene Expression (Miguel Beato, coordinator, group of the director)
> Regulation of Alternative Pre-mRNA Splicing (Juan Valcárcel)
> Translational Control of Gene Expression (Raúl Méndez)
> Regulation of Protein Synthesis in Eukaryotes (Fátima Gebauer)

Imma Falero / Laura Flores

4 group leaders, 2 staff scientists, 14 postdocs, 15 students, 
8 technicians and support personnel.

The structure of 
the programme at the 

end of 2010 was:

4 Research groups:

Programme Secretary: 

Numbers: 



Group:

Group structure:
Group Leader:

Postdoctoral Fellows:
  

PhD Students:

Technician/s:

Visitors:

Chromatin and Gene Expression

Miguel Beato

Alessandra Ciociola, François Le Dily, Guillermo Vicent (Staff Scientist), Roni Wright,    
Marija Kundakovic (till May)

Laura Gaveglia, Andy Pohl, Diana Reyes, Michael Wierer

Giancarlo Castellano (Consolider), Jofre Font, A. Silvina Nacht

Alejandro La Greca, Buenos Aires (November/December)

GENE REGULATION
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SUMMARY

The group is interested in understanding how eukaryotic cells respond to external signals, in particular 
how different signals are transduced to the nucleus to modulate gene expression. Given the relevance of 
chromatin structure and remodelling on gene regulation, we are studying the topological information that 
determines the position of nucleosomes and the outcome of the remodelling process. Steroid hormones 
signal to chromatin not only directly via binding of their receptors to DNA, but also indirectly via crosstalk 
with kinase signalling pathways. Using model systems and genome wide studies we are trying to unravel 
how these kinases impinge on chromatin structure and dynamics via functional interactions with chro-
matin remodeling complexes. We also try to use this knowledge to decipher the role of steroid hormones 
in breast and endometrial cancer cell proliferation and differentiation.

RESEARCH PROJECTS

1. Global analysis of chromatin structure and dynamics during hormonal gene regulation 
L. Gaveglia, R. Wright, F. Le Dily, A. Pohl, G. Castellano (collaboration with Christophoros Nikolau and 
Roderic Guigo from the Bioinformatics and Genomic programme)

We have compared the complete sets of nucleosome positions for the budding yeast (S. cerevisiae) 
in different growth conditions and found that less than 10% of the experimentally defined nucleosome 
positions in two published datasets were consistently positioned. This subset of well-positioned nucleo-
somes, when compared to the bulk, was shown to have particular properties at both sequence and 
structural levels. Consistently positioned nucleosomes were also shown to occur preferentially in pairs of 
dinuclesomes and to be surprisingly less conserved when compared to their adjacent nucleosome-free 
linkers (Nikolaou et al 2010).

We have performed genome wide nucleosome mapping by massive sequencing of mononucleosomal 
DNA (300 million unique reads per time point), from T47D-MTVL breast cancer cells treated with hormone 
for different time periods. The results revealed that the nucleosome occupancy near the transcription start 
site is significantly higher in genes that are down-regulated following hormone induction, in contrast to a 
lower nucleosomal occupancy in genes up-regulated by hormone (Gaveglia et al, unpublished). 

2. Signalling by progesterone to chromatin via kinase cascades
A. Ciociola, D. Reyes, M. Wierer, R. Wright, M. Kundakovic

Progesterone controls proliferation and gene expression in breast cancer cells via transient activation of 
the Src/Ras/Erk pathways mediated by an interaction of PR with estrogen receptor alpha, ERα. Activa-
ted Erk in the cell nucleus phosphorylates PR and Msk1, which phosphorylates histone H3 at serine 10 
contributing to the activation of target genes (Vicent et al Mol Cell 2006).

We have performed gene-profiling studies in breast cancer cell lines to study the response to estrogens 
and progesterone in the presence of various kinase inhibitors. In parallel we have used ChIP-seq to 
identify all genomic binding sites for PR in breast cancer cells treated with hormone for different times 
(Ballare et al, unpublished). Prior to hormone treatment sites where PR will bind exhibit high nucleosome 
occupancy and these nucleosomes become sensitive to MNase upon addition of hormone, mainly due 
to the hormone-dependent removal of histone H1 and dimmers of histone H2A and H2B. These results 
are now being integrated in a dynamic network, which should help identifying relevant nodes connecting 
various signalling pathways with regulation of different gene cohorts.

3. Regulation of MMTV transcription in the chromatin context 
G. Vicent, F. Le Dily, A. S. Nacht, J. Font

The group has studied the structural changes accompanying activation of MMTV promoter chromatin 
and how they are catalyzed. Already 1 min after progestin treatment the hNURF complex and the AS-
COM complex are recruited to the MMTV promoter and required for gene activation. The MLL2/3 histone 
methyltransferases as part of the ASCOM complex, trimethylate histone H3 at lysine 4 anchoring the 
NURF complex via an interaction with the BPTF subunit (Vicent et al, in press). Simultaneously the his-
tone demethylase KDM5B/PLU1 is displaced from the promoter. These three complexes along with the 
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CyclinA/CDK2 kinase complex are required for the rapid opening of chromatin by displacement of 
phosphorylated histone H1 (Vicent et al, in press). IP-seq and expression arrays show that H1 dis-
placement is required for hormone induction of most hormone target genes, some of them involved 
in cell proliferation (Vicent et al, in press).

Within 5 minutes of progestin addition, a ternary complex of activated PR and two activated kinases, 
pErk1/2 and pMsk1, is recruited to the promoter and phosphorylates histone H3 at S10 (Vicent et al Mol 
Cell 2006). This leads to dissociation of a repressive complex containing HP1g as a prerequisite for the 
recruitment of BAF, an ATP-dependent chromatin-remodelling complex. BAF binding is favoured by the 
PCAF mediated acetylation of H3 at Lysine 14 (Vicent et al PloS Genet 2009). BAF remodelling leads to 
displacement of H2/H2B dimmers and facilitates NF1 access and binding of additional PR to the central 
HREs on the remodelled nucleosome (Vicent et al, 2010). 

Thus within 5-10 min of hormone action two subsequent cycles of chromatin remodeling lead to dis-
placement first of histone H1 and second of histones H2A/H2B dimers (Figure 1). At least three protein 
kinases, Erk, Msk1, CDK2, a histone methyl transferase, MLL2/3, a histone demethylase, KDM5B/PLU1, 
a histone acetyl transferase, PCAF, and two ATP-dependent remodelling complexes, NURF and BAF, are 
involved in these initial steps of hormone action. We have indications that other enzymes, including ar-
ginine methyl transferases, Poly (ADP-ribose) polymerases, histone deacetylases, histone ubiquitinating 
enzymes, and the proteasome also contribute to the initial remodeling of chromatin.

On the MMTV promoter progesterone induction is mediated by the reciprocal synergism between PR 
and the ubiquitous transcription factor NF1. The central HREs 2 and 3 are not needed for ATP-depen-
dent H2A/H2B displacement or NF1 binding but are critical for full PR binding and MMTV transactivation 
(Vicent et al 2010). We found that NF1 binding to the MMTV promoter on a H3/H4 histone tetramer 
particle exposes the central HREs and facilitates their binding by PR, suggesting a possible mechanism 
for the reciprocal synergism between PR and NF1 (Vicent et al 2010).

4. Role of linker histone H1 subtypes in chromatin and transcription
R. Wright, F. Le Dily, A. Pohl

We found that histone H1 enhances the activation of the MMTV promoter by PR and NF1 (Koop et al 
EMBO J 2003) and we are now studying the role of various H1 subtypes and their phosphorylation by 
Cdk2 on the remodelling and transcription of MMTV chromatin. Histone H1.4 is phosphorylated by cyclin 
E-Cdk2, facilitating the decompaction of chromatin and transcriptional activation. A mutant of H1.4 inca-
pable of phosphorylation by Cdk2 compacts minichromosomes similarly to wild type H1.4. Purified SWI/
SNF is capable of remodeling chromatin reconstituted with wild type or mutated H1.4, but the remodeled 
chromatin is less efficiently transcribed in the absence of H1 phosphorylation (Clausell et al unpublished).

Figure 1
The MMTV promoter nucleosome B is maintained 
in a repressive state by binding of a repressive 
complex containing, among other factors HP1g 
and KDM5D. A complex pPR/pErk/pMsk1 
including NURF and likely ASCOM is recruited to 
the promoter. The repressive complex containing 
Hp1g is displaced upon Msk1 mediated phos-
phorylation of serine 10 of histone H3 (Vicent et al 
Mol Cell 2006). The MLL2/3 HMTs methylate lysi-
ne 4 of H3 and simultaneously the HDM KDM5B/
PLU1 is displaced from the promoter. 
The enhanced H3K4me3 mark stabilizes NURF 
binding. NURF facilitates the binding of a complex 
of PR with CyclinA/CDK2, which phosphorylates 
histone H1 and promotes its displacement. 
Subsequently, a complex of PR with PCAF and 
BAF, binds to the exposed HRE1 on the MMTV 
nucleosome and acetylates H3 at K14, stabilizing 
binding of BAF. The BAF complex catalyzes the 
ejection of H2A/H2B dimmers, enabling NF1 
binding (Vicent et al PloS Genet 2009). Binding of 
NF1 stabilizes the open nucleosome conformation 
and facilitates binding of further PR molecules and 
BAF remodelling complexes to the internal HREs.
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5. Role of steroid hormones in breast cancer and endometrial physiology 
A. Ciociola, A.Mai, D. Reyes, M. Wierer (collaboration with Belen MIñana, CRG, and the Departments of 
Pathology and Oncology of the Hospital del Mar). 

We have studied the gene networks regulated by estrogens and progestins in primary tumour material 
from107 breast cancer samples from patients attending the Hospital del Mar in Barcelona, using a cDNA 
array with 800 selected genes. We are now using the information collected from cultured breast cancer 
cell lines treated with inhibitors of various kinase-signaling cascades (see point 2) to classify the tumors 
according to the different signaling pathways altered in each case. This set of data will be correlated 
with the clinical data and the evolution of the tumors in search of a gene signature distinguishing various 
types of tumors.

We have also directly investigated the mechanism of the mutual inhibitory relationship between BRCA1 and 
PR function. We found that BRCA1 interacts with PR leads to its ubiquitination followed by proteasome-
mediated degradation. Moreover BRCA1 is recruited to target promoters and counteracts induction by 
progesterone via ubiquitination of histone H2A (Calvo & Beato, in press).
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SUMMARY

The focus of our research is the process of alternative pre-mRNA splicing, which allows  the production 
of multiple mRNAs from a single gene, greatly expanding the information content of the genomes of 
multicellular organisms. During 2010, we have made progress in understanding the mechanisms. 

RESEARCH PROJECTS

1. Mechanism of splicing inhibition in a genetic defect leading to autoimmune disease

Pre-mRNA splice site sequences provide unequivocal information for intron excision, yet consensus 
splice sites are highly degenerate in higher eukaryotes, suggesting that multiple sequence arrangements 
can accurately signal exon/intron boundaries. We have found that the 3’ splice site associated with the 
alternatively spliced exon 6 of the Fas receptor CD95 displays strict sequence requirements and that 
a mutation that disrupts this particular sequence arrangement leads to constitutive exon 6 skipping in 
a patient suffering from Autoimmune Lymphoproliferative Syndrome (ALPS). We find that the balance 
between exon inclusion and skipping is exquisitely sensitive to single nucleotide variations in the sequence 
RCAG/G (where R represents purine and / indicates the intron/exon boundary) or in the uridine content 
of the upstream polypyrimidine (Py)-tract. Biochemical experiments revealed that the ALPS patient 
mutation reduces U2 snRNP recruitment to the 3’ splice site region and that this effect cannot be 
explained by decreased interaction with the U2 snRNP Auxiliary Factor U2AF, whose 65 and 35 KDa 
subunits recognize the Py-tract and 3’ splice site AG, respectively. The results indicate that the strict 
architecture of Fas intron 5 3’ splice site region is tuned to regulate alternative exon inclusion through 
modulation of U2 snRNP assembly after U2AF binding.

2. The antitumor drug spliceostain A alters the fidelity of 3’ splice site recognition 
and induces alternative splicing changes in cell cycle control genes

Spliceostatin A (SSA) is a stabilized derivative of a Pseudomonas bacterial fermentation product that 
displays potent anti-proliferative and anti-tumor activities in cancer cells and animal models. The drug 
inhibits pre-mRNA splicing in vitro and in vivo and binds SF3b, a protein subcomplex of U2 small nuclear 
ribonucleoprotein (snRNP), which is essential for recognition of the pre-mRNA branch point. We have 
found that SSA prevents interaction of SF3b 155 kDa subunit with the pre-mRNA, concomitant with 
non-productive recruitment of U2 snRNP to sequences 5’ of the branch point. Differences in base pairing 
potential with U2 snRNA in this region lead to different sensitivity of 3’ splice sites to SSA and to SSA-
induced changes in alternative splicing. Indeed, rather than general splicing inhibition, splicing-sensitive 
microarray analyses reveal specific alternative splicing changes induced by the drug, which significantly 
overlap with those induced by knock down of SF3b 155. These changes lead to down-regulation of genes 
important for cell division, including cyclin A2 and Aurora A kinase, thus providing an explanation for the 
anti-proliferative effects of SSA. Our results reveal a mechanism that prevents non-productive base pairing 
interactions in the spliceosome and highlight the regulatory and cancer therapeutic potential of perturbing 
the fidelity of splice site recognition (Figure 1).
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Figure 1. Model for splicing inhibition by the anti-tumor drug Spliceostatin A.  U2 snRNP assembles on the 3’ splice 
site region of pre-mRNAs, a process that involves RNA-RNA contacts between U2 snRNA and the branch point region in the pre-mRNA, 
as well as RNA-protein contacts between the pre-mRNA and protein components of the snRNP, including SF3b155. In the presence of 
spliceostatin A (SSA) SF3b 155 fails to contact the pre-mRNA and U2 snRNA establishes base pairing interactions with pre-mRNA sequen-
ces 5’ of the branch point. This leads to non-productive U2 snRNP recruitment to these decoy sites (which do not contain a bulged-out 
adenosine branch site and therefore cannot undergo splicing catalysis). Differential sensitivity of 3’ splice sites to SSA depends on the base 
pairing potential with U2 snRNA of sequences 5’ of the branch point. This leads to changes in alternative splicing induced by the SSA, which 
affect genes important for cell cycle control, thus providing an explanation for the anti-proliferative effects of the drug.

3. Distinct regulatory programs establish widespread sex-specific alternative spli-
cing in Drosophila melanogaster.

In Drosophila melanogaster, female-specific expression of Sex-lethal (SXL) and Transformer (TRA) pro-
teins controls sex-specific alternative splicing and/or translation of a handful of regulatory genes res-
ponsible for sexual differentiation and behavior. We and others have detected widespread sex-biased 
alternative splicing in fruitflies.  Bioinformatic analysis of SXL/TRA binding sites, experimental analysis of 
sex-specific splicing in S2 and Kc cells lines and of the effects of SXL knock down in Kc cells indicate 
that SXL-dependent and SXL-independent regulatory mechanisms coexist within the same cell. Addi-
tional determinants of sex-specific splicing can be provided by sex-specific differences in the expression 
of RNA binding proteins, including Hrp40/Squid, which we have found to be differentially expressed in 
male and female flies due to sex-specific alternative splicing of the gene. The significant overlap between 
sex-regulated alternative splicing changes and those induced by knock down of hrp40/squid and the 
presence of related sequence motifs enriched near subsets of Hrp40/Squid-regulated and sex-regulated 
splice sites indicate that this protein contributes to sex-specific splicing regulation. A significant fraction 
of sex-specific splicing differences are absent in germline-less tudor mutant flies. Intriguingly, these 
include alternative splicing events that are differentially spliced in tissues distant from the germline. 
Collectively, our results reveal that distinct genetic programs control widespread sex-specific splicing 
in Drosophila melanogaster.
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SUMMARY

The regulation of translation plays important roles in all aspects of cell and organismal biology, but its 
relevance is even higher when other mechanisms of gene regulation (e.g. transcription or splicing) are 
absent. This occurs during early embryonic development of many organisms. Regulation of translation is 
brought about by general or transcript-specific mechanisms. The latter are operated by regulators that 
bind to the mRNA in a sequence-specific manner, and recruit complexes that either interact directly with 
the translation machinery, or promote changes in the mRNA such as the elongation of the poly(A) tail. 
We study two examples of regulation that include these mechanisms and are essential for development 
of the fruitfly Drosophila melanogaster. We have found novel regulators, and our efforts concentrate on 
trying to understand how they function. We have also initiated experiments to decipher if/how one of the 
conserved regulators we have identified is involved in cancer progression in mammals.

RESEARCH PROJECTS

1. Translational control of dosage compensation

X-chromosome dosage compensation is the process that equalizes the expression of X-linked genes 
in males (XY) and females (XX). Dosage compensation is essential for life and is initiated early during 
embryonic development. In Drosophila, dosage compensation is achieved by hypertranscription of the 
male X chromosome as a consequence of the binding of the dosage compensation complex (DCC) 
to hundreds of sites on the X. In females, dosage compensation is repressed via the translational 
inhibition of the rate-limiting DCC component MSL2. At least two RNA-binding proteins are involved 
in this repression: the female-specific protein Sex-lethal (SXL) and the ubiquitous protein Upstream of 
N-ras (UNR). SXL and UNR form a complex that binds to the 3’ UTR of msl2 mRNA, but they are not 
sufficient to repress translation (Figure 1). Using RNA-affinity chromatography, we have identified other 
co-factors which we are now characterizing. In addition, we have found that UNR performs opposite 
functions in males, as it promotes DCC binding to the X chromosome in this sex probably by binding 
to distinct transcripts. A genome-wide approach has revealed that indeed UNR binds to targets in 
a sex-specific fashion. Because some of these have been implicated in cancer progression, we are 
investigating whether UNR influences this process in mammals under the umbrella of the RNAReg 
Consolider network. 

Figure 1. 
Current understanding of the me-

chanism of translational repression 
of msl2 mRNA. 

The translation initiation factors eIF4G, 
eIF4E and PABP are indicated. SXL 

binds to specific sites located in both 
the 5’ and 3’ UTRs of msl2 mRNA. 

SXL bound to the 3’ UTR recruits 
UNR, which in turn contacts PABP 

and possibly other factors (X) leading 
to inhibition of 43S ribosomal complex 
recruitment (step 1). SXL bound to the 

5’ UTR inhibits the scanning of 43S 
complexes that may have escaped the 

3’ UTR-mediated control (step 2). 
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2. Translational regulation by cytoplasmic polyadenylation

Embryonic axis formation in Drosophila depends on the localized translation of the morphogen Bicoid at 
the anterior and the timely translation of the receptor Toll. Both of these events are activated by a process 
called cytoplasmic polyadenylation. The sequences and factors regulating cytoplasmic polyadenylation 
in Drosophila are largely unknown. Using a cell-free cytoplasmic polyadenylation system obtained from 
early embryos we have found that Toll mRNA is polyadenylated by a novel, non-canonical mechanism. 
Other transcripts follow the canonical pathway, which requires the cytoplasmic polyadenylation element 
(CPE) and the polyadenylation hexanucleotide. We are currently trying to isolate the machineries respon-
sible for both canonical and non-canonical polyadenylation. 
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SUMMARY

The primary interest of our group is to understand the molecular mechanisms that dictate the temporal 
and spatial translational control of specific mRNAs during cell cycle progression and early embryonic 
development. Meiotic progression and early development are programmed, at least in part, by mater-
nally inherited mRNAs. These mRNAs are not translated en masse at any one time, or even at any one 
place; rather, their translation is specifically regulated by sequences located at the 3´-untranslated region 
(3´-UTR) of the mRNA and their binding proteins. Cytoplasmic polyadenylation is one of the most impor-
tant mechanisms for regulating translation during meiotic progression and is directly controlled by the 
RNA-binding protein CPEB. The work of our group focuses on four questions in the area of translational 
regulation by cytoplasmic changes in the poly(A) tail length of mRNAs encoding for factors that drive 
cell cycle progression: 1) Genome-wide identification of the mRNAs that are regulated by cytoplasmic 
changes in their poly(A) tail length; 2) Determination of the configuration of cis-acting elements that define 
the temporal and spatial translational regulation by CPEB; 3) Role of the localized CPE-mediated trans-
lational regulation in meiotic progression; and 4) Identification of the cell cycle-related events regulated 
by the CPEB family of proteins.

RESEARCH PROJECTS

1. Cytoplasmic polyadenylation and the CPEB familly of proteins

Early animal development is directed by maternal mRNAs that are stored in the developing oocyte, 
until subsequent use during the late stages of meiosis or after fertilization. These mRNAs contain short 
poly(A) tails (~20-40 nts), and it is only when these tails are elongated in response to progesterone stimu-
lation (to ~150 nts) that translation take place. Polyadenylation requires an element in the 3’UTR named 
cytoplasmic polyadenylation element (CPE).   The CPE is bound by a RNA-binding protein named CPE 
Binding protein 1 (CPEB1).  CPEB1 is the best characterized and founder member of a family of four 
proteins conserved in their RNA-recognition domain but distinct in their regulatory motifs (Reviewed in 
Mendez, 2001).  In Xenopus oocytes, CPEB-1 can assemble two different functional complexes to either 
repress translation or to mediate cytoplasmic polyadenylation and activate translation.  The switch from 
the «repressing-state» to the «activating-state» is driven by phosphorylation by Aurora-A and Cdc2/Plk1 
kinases (Mendez, 2000a, Mendez 2000b, Mendez 2002).  The unphosphorylated CPEB1 recruits a set 
of factors that shorten the poly(A) tail and blocks the recognition of the cap by the translational machi-
nery.  Once phosphorylated, CPEB1 changes its co-factors to recruit the cytoplasmic polyadenylation 
machinery and enhance the association of the translation initiation factors to the CPE-regulated mRNA.  
In two recent works (Pique 2008, Belloc and Mendez 2008) we have performed a systematic analysis of 
the combinations of cis-acting elements that define, qualitatively and quantitatively, the differential trans-
lational control of CPE-regulated mRNAs during meiosis. Overlaying this temporal control of translational 
activation, the same combinatorial pattern of CPEs contains the spatial information defining the oocyte 
subcellular localization where the mRNAs will be activated (Eliscovich 2008).  All together our results 
indicate that the CPEBs control, in time and space, the translation of hundred of mRNAs encoding fac-
tors implicated in cell cycle, cell differentiation, angiogenesis, inflammation and other cellular functions.  
The CPEBs act, therefore, as hubs controlling the coordinated expression of up to 20% of the genome 
(Belloc et al. 2008). 

Although the function of the CPEBs has been elucidated mainly in the xenopus oocytes, we have re-
cently found that CPEB-mediated post-transcriptional regulation by phase-specific changes in poly(A) 
tail length is not a meiotic specific mechanism, but also required for cell proliferation and specifically for 
M-phase entry in mitotically dividing cells, where CPEB1 and CPEB4 regulate the polyadenylation of 
mRNAs encoding factors differentially expressed during cell cycle (Novoa et al 2010). 

2. Defining the translational control circuit that regulates progression through the 
two meiotic divisions

Recent works from our group have contributed to define a molecular circuit to temporally regulate trans-
lational activation of mRNAs encoding the factors that mediate phase transitions during meiosis.  This 
circuit is stabilized by a number of positive and negative feed back loops that ensure the irreversibility of 
the process, produce hysteric responses (switch-like transitions) and, yet, allow the key kinase activities 
that drive meiotic progression to oscillate between the two meiotic divisions.  One essential negative 
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feed-back loop is mediated by the CPEB1-driven translational activation of mRNA encoding C3H-4, an 
ARE-binding protein that we find to accumulate in MI and whose ablation induces meiotic arrest. C3H-4, 
in turn, opposes CPEB activity on mRNAs containing both CPEs and AREs by recruiting the CCR4-
deadenylase complex to the ARE-containing mRNAs (Belloc and Mendez 2008). However, this negative 
feed-back loop, required to exit the first meiotic metaphase, has to be inactivated to start the second 
meiotic division.  We are studying how this inactivation is accomplished. 
 
We have also defined an essential positive feed back loop where CPEB1 regulates the translation of 
CPEB4 mRNA.  We have shown that CPEB4 can regulate the translation and mediate cytoplasmic 
polyadenylation of the same mRNAs that CPEB1, but at different meiotic times.  Thus, while CPEB1 
regulates the early maternal mRNAs during the first meiotic division CPEB4 regulates the late mRNAs 
during the second meiotic division.  Altogether our work shows that CPEB4 expression is controlled 
by CPEB1 and, in turn CPEB4 replaces CPEB1 when it is degraded in anaphase I. But CPEB1 and 
CPEB4 are activated by different kinases and at different meiotic phases (Igea and Mendez, 2010). 
We are currently studying the posttranslational regulation of CPEB4, which, contrary to CPEB1, is not 
activated by Aurora A kinase but rather by an unknown kinase activated latter during cell cycle.  Mapping 
the phosphorylated residues in CPEB4, characterizing how that regulates cytoplasmic polyadenylation 
and identifying the regulatory kinase are part of our future goals.  Delineating the signal transduction 
pathways that regulate each CPEB will not only contribute to better define the meiotic circuit, but should 
be extrapolable to somatic cells and different extracellular signals.

3. Regulation of gene expression by CPEBs in somatic tissues.

a) Translational control of mitotic cell cycle

We have shown that CPEB-mediated post-transcriptional regulation by phase-specific changes in poly(A) 
tail length is required for M-phase entry and cell proliferation in mitotically dividing cells. This translational 
control is largely mediated by two members of the CPEB-family of proteins, CPEB1 and CPEB4, which 
regulate the polyadenylation of mRNAs encoding factors differentially expressed during cell cycle. We con-
clude that regulation of poly(A) tail length is not only required to compensate for the lack of transcription 
in specialized cell divisions, but acts as a general mechanism to control mitosis (Novoa et al., 2010). We 
continue to investigate the differential functions of CPEB1 and CPEB4 during mitotic divisions and their 
phase specific regulation by different signal transduction pathways. We are also studying in great detail 
their functions in chromosome segregation. In collaboration with the Isabelle Vernos group (CRG), 
we have shown that spindle-localized translational activation, by cytoplasmic polyadenylation, of the 
mRNAs encoding for TPX2 (Targeting Protein for Xenopus kinesin-like protein 2) and XKid (Xenopus 
Kinesin-like DNA binding protein) is essential to complete the first meiotic division and also for chromosome 
segregation in Xenopus oocytes (Eliscovich et al 2008). We have also found that CPEB and co-factors 
in the translational repression and activation complexes are asymmetrically distributed within the mitotic 
spindle in somatic cells. We are analyzing whether these factors generate translational gradients that define 
the polarity of the spindle and performing a Genome-wide identification of spindle translated mRNAs.

b) CPEB-mediated translational control in pancreatic ductal adenocarcinomas (PDAs)
  
In collaboration with Pilar Navarro (IMIM/PRBB) and Paco Real (CNIO), we have found that members of 
the CPEB family of proteins are overexpressed in tumors, resulting in abnormal regulation of mRNAs en-
coding pro-tumoral proteins.  Moreover, nude mice injection of human pancreatic tumoral cells in which 
the levels of CPEB4 have been stably knocked down results in much reduced tumor growth, invasion 
and vascularization. Our results indicate that overexpression of CPEB1 and CPEB4 could reprogram 
gene expression in tumoral cells causing abnormal expression of growth, invasion and angiogenic fac-
tors, which will promote tumor growth and vascularization in PDA (Ortiz et al. Manuscript under review).
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EMBO J, 29(13):2182-2193 (2010).

Book chapter

Novoa I, Eliscovich C, Belloc E and Mendez R.
“Oocyte-specific translational control mechanisms”. 
In: Oogenesis: The Universal Process Marie-Helene Verlhac and Anne Villeneuve, 2010 John Wiley & 
Sons, Ltd (2010).
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The areas of research covered within the programme are stem cell biology and regeneration as well as 
mechanisms of cell fate instruction, cancer and aging. The programme consists of five groups (in the 
order of their joining the CRG):

> Luciano Di Croce: Epigenetic mechanisms in leukemia and differentiation
> Thomas Graf: Hematopoietic stem cells, differentiation and reprogramming 
> Salvador Aznar Benitah: Epithelial stem cells in the skin, cancer and circadian rhythms 
> Bill Keyes: Skin stem cells, cancer and senescence 
> Maria Pia Cosma: Cell fusion, reprogramming and regeneration

In the summer of 2010 Maria Pia Cosma joined the Program as a Senior Scientist, arriving from Naples, 
where she had worked at the Institute of Genetics and Biophysics. Pia has a broad background in 
transcription factor mechanisms, cell signaling and synthetic biology in yeast and mammalian cells. In 
the last few years she has worked on the reprogramming of somatic cells into induced pluripotent (iPS) 
cells, showing that activation of the wnt pathway is crucial for reprogramming. Her group also actively 
investigates the mechanism of cell reprogramming by cell fusion, both in cell cultures and in the eye, in a 
mouse model of Retinitis Pigmentosa. Pia was awarded a grant from the ERC and elected as an EMBO 
member in October this year. 
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SUMMARY

The laboratory’s main interests are mechanisms of transcription factor-induced reprogramming of hema-
topoietic cells and genes required to establish and maintain the hematopietic stem cell phenotype. 

RESEARCH PROJECTS

1. Reprogramming of pre-B cells into macrophages reveals a novel mechanism of 
gene regulation 

DNA methylation has critical functions in gene silencing during a multitude of biological processes inclu-
ding differentiation, X inactivation, transposon control, and cancer maintenance. The primary mechanism 
consists in the recognition of methylated CpG dinucleotides (MeC) by proteins harboring methylated 
DNA binding domains (MBDs), which in turn function to recruit various co-repressor complexes with 
chromatin-modifying potential. MeCs are established by the family of DNA methyltransferases that also 
maintain the marks during semi-conservative DNA replication, conferring to the cells an ‘epigenetic me-
mory’. Therefore, long-term silencing of gene expression through MeCs represents a mechanism to 
stably repress gene expression. Until now it has been assumed that derepression is mediated by deme-
thylation, although evidence for the exitence of demethylases is controversial. 

Recently, the Ten-eleven translocation (Tet) family of enzymes has been described that can hydroxylate 
the methyl group, resulting in hydroxymethylated CpGs. Of its 3 members, Tet2 is expressed at va-
rious stages of myeloid differentiation and loss-of-function mutations have been shown to be associated 
with several types of hematopoietic disorders, including acute myeloid leukemia (AML). However, its 
mechanism of action, as for Tet1 and Tet3, remains poorly understood. We have now found that Tet2 
knockdowns repress the upregulation of specific myeloid genes, impairing myeloid differentiation from 
hematopoietic precursors and from pre-B cells induced to transdifferentiate into macrophages by C/
EBPa. The expression of the human orthologues of these Tet2 target genes in acute myeloid leukemias 
(AML) correlated with the level of Tet2 expression, and Tet2hi samples were more differentiated and hypo-
methylated then Tet2lo samples. C/EBPa induced the upregulation of Tet2 during transdifferentiation and 
Tet2 in turn induced an increase of hydroxy-methylated cytosines at target gene promoters. Our data 
further show that C/EBPa and Tet2 proteins associate, suggesting that C/EBPa recruits Tet2 to its target 
genes, and that Tet2 function stabilizes C/EBPa binding. These results show that Tet2-type enzymes 
endow cells with the ability to rapidly respond to cell fate instructive transcription factors through DNA 
modifications and erasure of epigenetic memory.

Together, our findings have uncovered a novel mechanism of gene regulation, consisting in the activation 
of genes repressed by DNA methylation. The recognition of this mechanism was greatly facilitated by the 
use of cells that transdifferentiate, maximizing the chance of finding genes that become activated from 
a fully repressed state.

2. The platelet integrin alphaIIb (CD41) functions in hematopoietic stem cells 

Hematopoietic stem cell (HSC) interaction with its niches is critical for self-renewal, survival and en-
graftment after transplantation. Whereas a lot is known about the molecular apparatus responsible 
for HSC self-renewal and differentiation, key components that regulate the interaction of HSCs and 
intermediate progenitors to the bone marrow hematopoietic niches remain poorly defined. 

The classical platelet marker and fibronectin receptor integrin alphaIIb (CD41) transiently marks all emer-
ging hematopoietic stem and progenitor cells in the embryo and remains expressed on a small subset 
of adult HSCs, yet its function in HSCs remains unknown. We found that, contrary to current views, 
CD41 expression increases drastically in aging mice to specifically mark the majority of Lin-sca1+ckit+ 
(LSK) flt3- and LSK CD150+ HSCs in 6 and 12 month old mice. Correspondingly, loss of CD41 in the 
CD41 knock-out mouse model that we described earlier (Zhang et al., Expl. Hematology, 2007) caused 
HSC-autonomous reductions in progenitor and mature cell numbers across all blood lineages that got 
exacerbated with age. CD41-deficient HSCs displayed increased apoptosis and microarray analysis 
revealed global reductions in their cell adhesion, motion and chemotactic repertoire. Remarkably, during 
aging CD41-/- HSCs rapidly and completely lost in vivo competitive repopulation ability when trans-
planted into adult irradiated hosts. Similarly, repopulation ability of wild-type HSCs was impaired when 
CD41 function was inhibited by blocking antibodies, suggesting a direct requirement of CD41 for HSC 
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homing into the bone marrow niches. Finally, we functionally assessed LSK CD34-flt3- HSCs from aged 
CD41YFP/+ heterozygote mice sub-fractionated on the basis of YFP expression. Surprisingly, we found 
that the CD41:YFP+ LT-HSC fraction contained virtually all multi-lineage repopulating activity in secon-
dary transplants, suggesting that retention of CD41 expression by HSCs during aging is critical for the 
maintenance of their transplantation ability. 

In summary, our studies suggest that engagement of integrin CD41 to extracellular matrix ligands in the 
bone marrow is required for both HSC maintenance under steady state conditions and engraftment 
after transplantation. I a similar situation is applicable to human HSCs, these results raise the possibility 
that CD41 activity can be modulated for the enhanced survival / transplantation efficiency of HSCs in a 
clinical setting.  

3. The RNA binding protein Musashi 2 has a role in hematopoietic stem cells

Using a retroviral insertion screen for genes involved in the regulation of HSCs, we identified the Musashi 
2 (msi2) gene. This gene has recently been implicated in the formation of acute leukemias and in the 
asymmetric division of hematopoietic progenitors. The msi2 gene encodes an RNA binding protein 
whose homologue in Drosophila shows a germ line stem cell defect when inactivated. To study its 
physiological function we collaborated with Thomas Floss from the GSH in Muenchen to determine 
the phenotype of Msi2 defective mice. The mutant mice are viable and have a functioning hematopoietic 
system. However, they show a decrease in the numbers of multipotent progenitors in the bone marrow, 
as well as of more mature cells fom the lymphoid and myeloid compartments. Interestingly, when bone 
marrow from these mice was transplanted competitively with bone marrow from wild type animals, 
Msi2 defective cells were dramatically outcompeted. This indicates that the Msi2 gene has an important 
function in the maintenance of functional HSCs. Current studies are directed towards understanding the 
mechanism of action of this gene in hematopoietic stem and progenitor cells.

Figure 1. 
This image is part of the efforts of Savador 
Aznar Benitah’s group to characterize 
the molecular pathways that underlie the 
function of epidermal (bulge) stem cells, 
and how they are deregulated in cancer 
and aging. Shown is a section of mouse tail 
skin to identify the bulge stem cells, which 
are K15 keratin (red) and alpha6 integrin 
(bright green) positive. The nuclei are 
stained in blue.
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Blood, 115(23):4689-98 (2010). 
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”Platelets regulate lymphatic vascular development through CLEC-2-SLP-76 signaling.” 
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Methods Mol Biol, 636:219-32 (2010).
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SUMMARY

Differentiation from zygotes has been considered as a unidirectional route. Recently, however, it has be-
come clear that the reverse path is also possible: the reprogramming of somatic nuclei, i.e. the de-
differentiation of somatic cells into pluripotent stem-like cells. Whether somatic cell reprogramming can 
occur in vivo in higher vertebrates and what the molecular mechanisms and genes driving reprogramming 
are, it remains to be defined. We have shown that activation of the Wnt/β-catenin signalling pathway 
enhances reprogramming of somatic cells after their fusion with stem cells. Remarkably, the activation of 
this signalling pathway also controls regeneration in response to damage in lower and higher vertebrates; 
furthermore, cell fusion is one possible mechanism of regeneration in vertebrates. Our main goals are: i.) 
to dissect the mechanisms of Wnt-mediated somatic cell reprogramming and ii.) to determine whether in 
mice activation of Wnt/β-catenin signalling controls cell-fusion mediated tissue regeneration.

RESEARCH PROJECTS

1. Identification of β-catenin targets and molecular pathways that control cell repro-
gramming, and analysis of their interactions via network-identification algorithms

Embryonic stem cells (ESCs) express factors that can reprogramme a somatic-cell nucleus. As a result, 
cell fusions between differentiated cells and embryonic cells produce ESC-like pluripotent reprogrammed 
hybrids. Our goal is to identify these factors, i.e. the “reprogrammers”, that are targets of β-catenin and 
that can reprogramme differentiated cells. Reverse engineering and forward algorithms will be used to 
infer the natural network of interactions surrounding the genes involved in the reprogramming of somatic 
cells. Furthermore, we will develop mathematical models to dissect out the threshold and timing effects 
of nuclear factor accumulation that control cell reprogramming. Finally, we will investigate the molecular 
functions of the identified reprogrammers, and therefore the molecular mechanisms of somatic-cell re-
programming. 

2. To determine whether Wnt/β-catenin-dependent reprogramming of fused cells is a 
mechanism of regeneration in higher vertebrates 

We will determine whether Wnt/β-catenin signalling controls in vivo reprogramming of hybrids formed in 
response to injury. Transplantation of perturbed (Wnt-activated or repressed) adult stem cells into a varie-
ty of drug-induced or genetically modified damaged organs will be carried out. Short-term and long-term 
regeneration will be studied. Genetic approaches will be used to evaluate cell fusion, reprogramming and 
regeneration in the tissues analyzed. 
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SUMMARY

Understanding the genetic basis of cancers has been a topic of intense research, and hundreds 
of gene mutations have been identified that can cause carcinogenesis. However, in the past few 
years, increasing evidence has suggested that mutations are not the only genetic changes that 
lead to cancer. Indeed, perturbations of chromatin structure and of other epigenetic mechanisms 
can cause inappropriate gene expression and genomic instability, resulting in cellular transforma-
tion and malignant outgrowth.

The focus of our laboratory is to understand the basic mechanism of gene regulation and the im-
pact of epigenetic marks on chromatin metabolism, using normal cells, cancer cells, and mES cells 
as model systems. We will also address some of these questions using several mouse models. 

RESEARCH PROJECTS

1. ZRF1

We have recently reported that the protein ZRF1 specifically binds to monoubiquitinated histone 
H2A and derepresses Polycomb target genes at the onset of cellular differentiation. Our results 
suggest that ZRF1 exerts its function in a two-step mechanism, by initially displacing the Po-
lycomb-repressive complex 1 (PRC1) from chromatin and subsequently acting together with his-
tone H2A-specific deubiquitinases to facilitate transcriptional activation of its target genes. These 
findings demonstrate an ambiguity of the epigenetic monoubiquitin mark at histone H2A. Once 
considered to be a hallmark of gene silencing, it is now clear that this mark can also be utilized as a 
recruitment platform for proteins engaged in gene activation. Genome-wide analyses demonstrate 
that ZRF1 is recruited to typical Polycomb target genes, thereby putting it in a position to have 
an impact on differentiation and animal development. This molecular mechanism for ZRF1 may 
represent one of the first steps in switching silenced genes to a transcriptionally active state. The 
strong link between the Polycomb system and differentiation suggests that ZRF1 is an important 
player in the occurrence of cancer. ZRF1 is often found misregulated in cancers; indeed, it ranks 
as one of the most upregulated genes in certain forms of leukemia.

We are now investigating the role of ZRF1 in cell cycle progression and transcription elongation, 
and how ZRF1 itself is regulated, and whether the re-localization of ZRF1 is regulated by specific 
protein interactions and/or its phosphorylation. Understanding the molecular mechanism of ZRF1 
could also have the additional benefit of giving rise to developing anti-cancer drugs that could 
have a therapeutical use.
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2. Role of histone demethylases in leukemia

PcG and TrxG proteins were initially described in Drosophila as repressors and activators of Hox genes, 
respectively. More generally speaking, PcG and TrxG proteins play an important role in regulating lineage 
choices during development and differentiation. Additionally they are implicated in cell proliferation, stem 
cell identity and cancer, cellular senescence, genomic imprinting, X-inactivation and hematopoiesis.

In collaboration with Dr. R. Shiekhattar (Wistar, USA), we identified UTX as the enzyme responsible for 
H3K27 demethylation (Lee et al, 2007). More recently, UTX have been found mutated in several tumour 
(van Haaften et al, 2009), thus corroborating the important role of epigenetic deregulation in human can-
cers. Interestingly, UTX is a component of the MLL complex, the mammalian orthologous of Trithorax. 
Our previous date indicates that after retinoic acid administration, Utx specifically demethylases H3K27 
at several Hox genes. 

We will investigate:
(i) how Utx is recruited to promoters,
(ii) which are the target genes in the human genome,
(iii) which role has Utx in tumorigenesis. 

The oncoprotein PML-RARα is one of the most well-studied leukemogenic transcription factors. The 
PML-RARα fusion protein, responsible for 99% of acute promyelocitic leukemia (APL) cases, arises 
from a t(15;17) balanced reciprocal chromosomal translocation. It involves the PML gene and the reti-
noic acid receptor α (RARα) gene. PML-RAR represses target genes through recruitment of DNMTs 
and Polycomb complex (Villa et al, 2007). It is likely that Utx is important for the re-establishment of the 
proper gene transcription program necessary for cell differentiation. Thus the role of Utx in leukemia is 
also being investigated.

3. macroH2A and gene silencing

The most extensive histone modification is the complete exchange of canonical histones for variant ones. 
Among all known histone variants, the so-called macroH2A is the one that is the most divergent from its 
canonical histone and is the least understood in its function. In addition to a homologous histone domain, 
macroH2A possesses a large C-terminal domain of unknown function – the macro domain.
The H2A domain of macroH2A histones is ~65% identical to that of the conventional H2A. 
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The early observation that macroH2A is enriched on the inactive X chromosome and centrosomes 
suggested an involvement in gene repression and heterochromatinization. Biochemical studies using 
synthetic templates have indicated that macroH2A-containing nucleosomes are structurally different in 
the vicinity of the dyad axis, and this correlates with the inability of transcription factors to bind to DNA 
sites inserted nearby. These observations suggest that incorporation of macroH2A into nucleosomes 
could confer an epigenetic mark for gene repression. However, there are no known gene targets for 
macroH2A-dependent transcriptional repression, and no evidence for the mechanisms by which 
macroH2A could be recruited to specific genes and repress transcription in vivo.

Our microarray-based analysis in human male pluripotent cells uncovered occupancy of macroH2A at a 
large number of genes coding for key regulators of development and cell fate decisions. On these genes, 
presence of macroH2A is a repressive mark that locally and functionally overlaps with Polycomb repres-
sive complex 2. We demonstrate that macroH2A contribute to the fine-tuning of temporal activation of 
HOXA cluster genes during neuronal differentiation. Furthermore, elimination of macroH2A function in 
zebrafish embryos produced severe specific phenotypes. Taken together, our data demonstrate that ma-
croH2A constitutes an important epigenetic mark involved in the concerted regulation of gene expression 
programs during cellular differentiation as well as vertebrate development.

Some key questions remain still unsolved: which are the molecular mechanism involved in macroH2A 
deposition? Does macroH2A occupancy also control regulative regions in the genome other than gene 
promoters? A combination is biochemistry and genome-wide analysis are necessary to answer to those 
questions.

4. Cross-talk of epigenetic marks in gene regulation

Binding of chromatin-associated proteins can be influenced by adjacent additional modification. For ins-
tance, binding of HP1 to H3K9me is inhibited by an adjacent phosphorylation on serine 10 (H3S10ph). 
H3S10ph is associated with actively transcribed chromatin and is recognized by 14-3-3 proteins, whose 
binding is even favoured by additional lysine 14 acetylation (H3K14ac).

Therefore, we wonder whether additional posttranslational modifications in the proximity of H3K27me, 
in particular phosphorylation of Serine 28 (H3S28ph), would have any effect on Pc binding and conse-
quently on target gene expression. 
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Similar to H3S10ph, H3S28ph is an abundant and transient mark during mitosis, while during interphase 
is also associated with actively transcribed chromatin. However it was shown that H3S28ph targets a 
different chromatin population than H3S10ph. Proteins, which may specifically bind to H3S28ph, are still 
unknown.

We have identified several H3S28ph “binder”. We are now characterizing their function with respect to 
Polycomb binding, cell faith decision, and their role in promoter regulation and chromatin structure. 
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SUMMARY

The epidermis, and other stratified epithelia, needs to renew constantly in adults to maintain its function. 
This process is called homeostasis and relies on a population of epidermal stem cells (epSCs) that self 
renew and can undergo terminal differentiation. EpSCs adhere strongly to specialized niches where they 
remain relatively quiescent and unspecified. Upon a requirement of tissue replenishment, they become 
active, proliferate, and egress the niche to contribute to the differentiated compartment. The process 
is assymmetric, ensuring that the percentage of stem cells is maintained more or less constant after 
each cycle of activation. The transition between each state (quiescence vs proliferation; adherence vs 
egression; unspecified vs differentiated) is tightly regulated by the microenvironment and the intrinsic 
genetic program of the epSCs. Failures in this strict regulation can lead to premature ageing or to the 
development of tumours. The aim of our work is to understand the molecular mechanisms that control 
the behaviour of normal adult stem cells during tissue homeostasis and how their deregulation contri-
butes to carcinogenesis.

RESEARCH PROJECTS

Little is still known about the spatiotemporal distribution, and the hierarchy, of the molecular pathways 
relevant to the transition between the inactive and active states of epidermal stem cells within the stem 
cell niche. Intriguingly, inactive epSCs express high levels of ¨molecular breaks¨, which make them refrac-
tory to activating stimuli. Why then do they respond to such stimuli? In addition, upon stimulation, a very 
small proportion of epSCs become active, whereas the bulk remains unresponsive. Why don´t all epSCs 
respond? What is the nature of this stem cell heterogeneity? The consequences of unbalancing this 
equilibrium must be underscored, since tilting it towards excessive or reduced activation may predispose 
the tissue to premature aging due to excessive stem cell depletion, carcinogenesis when combined with 
accumulation of DNA damage, or lack of regenerative potential due to the inability of the stem cells to 
become active upon tissue damage.

We can summarize our interests in three questions: 

a) What is the molecular nature of the heterogeneity of epSCs within their niche? A small per-
centage of epSCs respond to activating stimuli; why do not all cells respond? How are these restricting 
mechanisms lost during carcinoma formation? 

b) Are activating stimuli instructive or permissive for epSC activation? Inactive epSCs highly ex-
press inhibitors of activating stimuli: why do they respond to activating stimuli then? Is response predis-
posed by an intrinsic genetic program of the epSC?

c) What distinguishes the different choice of the two epSCs daughter cells? i.e. remain at or exit 
the stem cell niche. How and why is this mechanism lost in carcinomas?

Figure 1
Epidermal stem cells are located at a region 

of the hair follicle known as the bulge. 
They are relatively quiescent and strictly 

positioned at their niche (Immunostaining 
and pictures by Peggy Janich). 
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Main Projects 

1. Molecular and genetic mechanisms involved in epidermal self-renewal and 
differentiation. 

We have previously identified a signalling axis important for establishing equilibrium between inactive and 
active epSCs. The small GTPase Rac1 promotes EpSCs quiescence and strong adhesion to the stem 
cell niche (Watt 2008, Benitah 2005). Conditional epidermal deletion of Rac1 causes an initial burst of 
proliferation and loss of the quiescent epSC pool, coupled to a massive exit of activated epSCs from 
their niche. Continuous epSC activation, upon Rac1 deletion, significantly depletes their number, leading 
to loss of epidermal maintenance and integrity.

Modulation of this pathway has enabled us to induce two states: inactivation (Rac1high/phospho-Myc) 
and activation (Rac1low/unphospho-Myc) of EpSCs. Based on this, the global comparative transcrip-
tome of human EpSCs in their active versus inactive state has been obtained. Analysis of this data has 
allowed us to identify key signaling pathways involved in epidermal stem cell behavior. Currently we are 
analyzing the role of varios selected pathways using cellular and molecular biology tools with primary 
cultures, as well as with in vivo mouse models:

Identification of pathways that establish epidermal stem cell niche heterogeneity: We have 
identified a molecular clock mechanism that establishes transcriptional oscillations of a large pro-
portion of the genes that constitute the epidermal stem cell signature. This mechanism establishes 
an equilibrium of two stem cell predisposition states within the niche, one prone to become active, 
and one prone to remain dormant. Perturbation of this equilibrium, using novel in vivo mouse mo-
dels, is allowing us to understand how this mechanism affects long term tissue homeostasis, and 
the predisposition to develop carcinomas. We are further characterizing the molecular signatures 
of both states. 

Identification of chromatin remodelling complexes involved in the stepwise transition from 
stem cell dormancy, activation and onset of differentiation: We have identified several epige-
netic factors whose expression dynamically changes along the axis of dormancy, activation and 
differentiation. Interestingly, each factor shows a unique pattern of expression and activity. We are 
validating the role of several of these factors using in vivo models and highthroughput molecular 
methodologies. 

2. Studying novel pathways relevant to epidermal and squamous tumour onset and 
progression.

Adult stem cells are potentially the few long term tissue residents that in time may accumulate enough 
somatic oncogenic mutations which result in the development of neoplasias. Moreover, the behaviour 
and molecular signature of a small percentage of cancer cells, known as cancer stem cells, recapitulate 
those of adult stem cells in the normal tissue. Cancer stem cell self-renewal, high potential of invasion 
and homing into a specific niche, with direct consequences over tumour maintenance and metastasis, 
are most probably characteristics inherited from normal adult stem cells. However, very little is known 
about the signalling events and the molecular signature that contribute to the behaviour of cancer stem 
cells in tumours of epithelial origin.  

In collaboration with the Hospital del Mar we are obtaining samples of SCCs (fresh live tissue, and blocks 
for immunohistological analysis) at different stages of tumour progression. Squamous cell carcinomas 
are the most diagnosed types of tumours in western countries with poor prognosis when developed in 
the oral cavitiy. We are analyzing the status of the different pathways studied in the lab with respect to 
their possible role in squamous cancer stem cells and validating the results using our mouse models. 

Figure 2
Epidermal stem cells are the only population 
that can regenerate the entire epidermal 
compartment. Epidermal stem cells trans-
planted onto nude mice can regenerate 
a homeostatic functional epidermis, hair 
follicles and sebaceous glands. A niche of 
epidermal stem cells is re-established once 
transplanted, which exhibits expression of 
stem cell markers such as keratin-15, inte-
grin alpha6, and CD34 (Experiment done by 
Gloria Pascual). 
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SUMMARY

Increasing evidence shows how the processes of cancer and aging are intimately linked, sharing many 
common molecular and cellular mediators. Importantly, the deregulation of normal stem cell prolifera-
tion is emerging as a central event in both processes. Impaired stem cell proliferation is suggested as 
a primary mediator of the aging process, while deregulated stem cell proliferation is linked with cancer 
initiation. Similarly, the process of cellular senescence is suggested as a primary cause of the aging pro-
cess, likely through inhibiting stem cell proliferation, while impaired senescence is a critical component of 
tumor initiation. Our work is interested in understanding how stem cells respond to and cope with onco-
gene- and age- induced stress, and in uncovering the molecular mechanisms by which a deregulation of 
processes like stem cell homeostasis and cellular senescence plays a causative role in cancer and aging.

RESEARCH PROJECTS

1. Investigating the role of p63 and aberrant stem cell proliferation in the pathoge-
nesis of Squamous Cell Carcinoma

Squamous cell carcinoma (SCC) is one of the most frequent solid tumors worldwide representing the 
second highest cause of skin cancer, one third of lung cancers, and in the case of head and neck SCC, 
the sixth most common solid tumor type. Although treatable if detected early, SCC presents with a high 
mortality due to resistance to treatment and tumor recurrence. Recently we identified ΔNp63α as an on-
cogene that is capable of inducing the development of SCC. Although this isoform of p63 is frequently 
overexpressed in human SCC, a causative role in tumor development had not been shown. In studies using 
primary mouse keratinocytes and nude mouse models, we found that ΔNp63α promotes SCC by inhibi-
ting the process of oncogene-induced senescence. Surprisingly however, we found that tumor initiation 
also involved the aberrant proliferation of epidermal stem cells and the propagation of cells with stem-like 
properties including, an ability to form self-renewing spheres in 3D-tissue culture, a capacity to differentiate 
and a resistance to DNA-damaging drugs.

Within many human tumors, including SCC, populations of cells exhibiting properties of stem cells have 
been identified. These cancer stem cells posess intrinsic growth properties that favor tumor development, 
resistance to treatment and tumor recurrence after treatment. Such properties include a capacity for self-
renewal, an ability to differentiate and an inherent resistance to DNA-damage.  However, the origin of these 
tumorigenic therapy-resistant cells and their mechanisms of proliferation are unknown in many tumor types. 
Understanding the processes that favour the proliferation of these cells is necessary to design more effec-
tive therapies for many cancers. In this project we propose to investigate how ΔNp63α promotes tumor 
developmet, focusing on identifying the mechanisms involved and the processes by which aberrant stem 
cell proliferation may favour tumor development.

Figure 1.
Senescence-associated β-galactosidase 
staining identifies senescent cells (blue 
stain). Note the characteristic morphology, 
including enlarged flat shape and multiple 
nuclei. Multiple smaller transformed cells 
surround.
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2. Determining the function of p63 in prostate stem cells and prostate tumor 
development

In prostate cancer, the role of p63 is unknown and controversial. Unlike the overexpression of p63 that is 
seen in SCC, during the development of adenocarcinoma, the most common prostate tumor type, p63 
expression is actually lost from the cells that are undergoing malignant conversion. Indeed it has been 
suggested that it is the p63-positive stem cells that undergo malignant transformation during prostate 
tumor initiation. However, it is not known if this loss of p63 facilitates, or is required for prostate tumor 
development, or whether there is a shift in the ratio of expression of p63 isoforms during transformation. 
To further complicate the situation, loss of expression of p63 has been correlated with the upregulation of 
genes that are involved in epithelial-to-mesenchymal transformation and metastasis. In prostate tumors, 
the development of recurrent treatment-resistant tumors that undergo metastasis is the main cause of 
death from these tumors. By taking a multidisciplinary approach, using functional genetics, in vivo 
animal models and high-throughput genomic screens, it is hoped that this work will identify key genes 
and mechanisms during tumor development that can be targeted for therapy in future studies.

3. Novel pathways linking cancer and aging

Stem cell proliferation must be tightly regulated to allow for proper development and tissue homeostasis, 
and to respond to stresses such as aging and cancer. However, we are far from having a complete un-
derstanding of the mechanisms by which stem cells respond to and compensate for any alteration in the 
tissue environment, how this may change between different stem cell and tissue types, or how this alters 
over the course of the lifespan of an organism. We are interested in elucidating the dynamic mechanisms 
and processes that regulate stem cells in such conditions.

 In our ongoing investigations, we have identified the Lsh/Hells gene as a novel p63-target that also links 
cancer and aging. Lsh is a member of the SNF2-family of chromatin remodelers that is involved in promo-
ting DNA methylation and transcriptional silencing, through recruitment of DNA-methyltransferases or di-
rect interaction with members of the Polycomb-repressive complex-1 (PRC1). Interestingly, mouse models 
deficient for Lsh exhibit premature aging and enhanced cellular senescence. In our studies, we find that 
Lsh is overexpressed in some tumors, while a deficiency of Lsh prevents senescence bypass and aberrant 
tumor-initiating cellular proliferation. We are currently investigating the function of Lsh and other candidates 
in stem-cell homeostasis, tumor initiation and aging.

PUBLICATIONS

Keyes WM*, Pecoraro M, Aranda V, Vernersson-Lindahl E, Li W,Vogel H, Garcia EL, Michurina T, 
Enikolopov G, Muthuswamy SK and Mills AA*
“ΔNp63α is an oncogene that targets chromatin remodeler Lsh to drive skin stem cell proliferation and 
tumorigenesis.” 
Cell Stem Cell, in press.
(* corresponding authors)

Figure 2.
Cells transformed with overexpression 

of Ras and ΔNp63α and that induce the 
formation of squamous cell carcinoma in 
vivo, possess many stem-like properties, 

including an ability to form rapidly growing 
spheres in 3D tissue culture (above). This 

property is not shared by non-transformed 
cells, or cells transformed with Ras and a 

deficiency of p53.
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The global objective of the Genes and Disease Programme is to perform research on the molecu-
lar basis of human disease, from the discovery of genes involved in common human disorders to 
the development of preventive and therapeutic strategies. The Programme combines large-scale 
experimental approaches with advanced genetic strategies to elucidate biological determinants of 
common and rare human diseases.

Efforts of the Genes and Disease Programme researchers are focused on analysing sequence, 
structural and epigenetic variants of the human genome that could participate in the predispo-
sition to disease. Specific collective work within the Programme is focused on understanding 
the function of genes with potential implications in mental retardation, psychiatric disorders and 
neurodegeneration, by using bioinformatics, cellular and animal model approaches. Programme 
researchers also work in the development of therapeutic strategies that could correct mental re-
tardation, anxiety disorders and cancer.

Translational research is a primary concern of the Genes and Disease Programme members. To 
this aim, the Programme Group Leaders are part of the Rare Disorders and Epidemiology and 
Public Health Biomedical Research Networks, of the Spanish Ministry of Health, and other biome-
dical research networks at the regional, national or international levels. The genotyping core facility 
(CeGen-ISCIII) is associated to programme and has been supported by external funds (Instituto 
de Salud Carlos III, Spanish Ministry of Health). This platform provides state-of-the-art genotyping 
for common and rare disorders.

> Genetic Causes of Disease (Xavier Estivill)
> Gene Therapy (Cristina Fillat)
> Neurobehavioral Phenotyping of Mouse Models of Disease  (Mara Dierssen)
> Gene Function and Murine Models of Disease (Susana de la Luna / Mariona Arbonés)
> Genomic and Epigenomic Variation in Disease (Stephan Ossowski)

The programme consists 
of five research groups:
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SUMMARY

We are interested on how the variability of the human genome contributes to variation in phenotype. 
Our work aims to understand how different types of genetic variants (single nucleotide polymorphisms, 
SNPs; structural variations, mainly copy number variants or CNVs; and insertion/deletion variants, in-
cluding transposable elements) influence common human disorders. We are also interested in studying 
the contribution of epigenetic modifications and non-coding RNA pathways in complex diseases, mainly 
neuropsychiatric and neurodegenerative disorders. We are approaching these questions through geno-
mic platforms that interrogate SNPs, CNVs and methylation, including high-throughput sequencing for 
the characterisation of the exome and the transcriptome. Besides, we are developing functional studies 
to address the consequences of the genetic and epigenetic changes in cell physiology and pathology. 
The interplay between genetic changes and environmental factors is one of the major targets of our 
research. This is being tackled through perturbation experiments and by the study of large cohorts of 
patients in which epidemiological and clinical data has been assessed in highly controlled designs.

RESEARCH PROJECTS

1. Structural variations, environmental and human disease
Johanna Aigner, Laia Bassaganyas, Mariona Bustamante, Anna Carreras, Georgia Escaramís, Cristian 
Tornador, Raquel Rabionet, Eva Riveira, José Tubío, Nadia Vilahur, Sergi Villatoro

We characterize structural variation (SV) as genomic regions potentially involved in phenotype variation, in-
cluding disease. Some of the targeted regions contain copy number variants (CNV), inversions, segmental 
duplications or transposable sequences. We systematically perform array comparative genomic hybridi-
zation (aCGH) experiments and use multiple technologies to further analyse CNVs at the whole-genome 
scale. CNVs with specific variable profiles are investigated in several common disorders. Disorders under 
investigation include schizophrenia, stroke, psoriasis, multiple sclerosis, asthma, Parkinson’s disease and 
fibromyalgia.

The group is part of the chronic lymphocytic leukaemia (CLL) International Cancer Genomics Consortium 
(ICGC), with the aim to fully characterize the genome of CLL cells. The project is a collaborative effort 
between several groups in Spain (Clinic Hospital, University of Oviedo and CNIO, among others). The role 
of our group in the project is to describe the spectrum of non-coding RNAs and structural variants (SV) in 
normal and leukemic cells from patients with CLL (Figure 1). We have already characterized the genome 
and transcriptome of the first ten cases of CLL and have developed new tools for the bioinformatic charac-
terization of SV in this common type of leukaemia. The project will also provide gold standard information 
on the spectrum of SV of the human genome.

Figure 1. 
Several platforms identify structural 
variation alterations in four cases of 

chronic lymphocytic leukemia.
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Given the variability observed between monozygotic twins for the presence of CNVs and the presence of 
mosaicism in blood DNA samples from the general population, our group has been considered of interest 
to investigate the presence of CNVs among different areas the brain of an individual. To this end, experi-
ments have been performed using aCGH among several brain areas (cortex, hippocampus, amygdala and 
hypothalamus, compared to cerebellum) of control subjects and patients affected by Alzheimer’s disease. 

The group has made specific progress in psoriasis, a chronic disorder of the skin affecting most ethnic 
groups. We have identified a common CNV that involves the deletion of two genes (LCE3B and LCE3C) in 
a significant fraction of patients with psoriasis. The common absence of these two genes, highly expressed 
in the injured epidermis, in psoriatic patients shows that skin barrier alterations play a role in the disease. 
This association has been replicated in several populations and constitutes one of the main genetic variants 
associated to psoriasis. We have also found that patients with other autoimmune disorders, such as rheu-
matoid arthritis and psoriatic arthritis, also have a higher frequency of deletions of LCE3B and LCE3C. We 
have also identified additional CNV affecting other regions of the LCE cluster (Figure 2).

We have identified a CNV that consists in a 45-kb deletion that affects two genes of the same family, BTNL8 
and BTNL3, and leads to the formation of a novel fusion transcript and the subsequent down-regulation 
of the expression level of the neighbouring gene BTNL9. Moreover, we have shown a difference in the 
expression level of several mRNAs according to the BTNL8/BTNL3 genotype. We have found that over-
expression of BTNL9 inhibits glucocorticoid-induced apoptosis, suggesting that it has a pro-survival 
function.

The group has a strong collaboration with investigators of the CREAL (Centre for Research in Environmen-
tal Epidemiology) to study the interaction between genetic and environment. One of the advantages of 
genome wide association scans (GWAS) integration is the ability to explore sources of heterogeneity such 
as ethnicity or environmental exposures. INMA (Infancia y Medio Ambiente) is a network of birth cohorts in 
Spain recruited from week twelve of pregnancy, including both small cohorts with long follow-up, as well 
as four new cohorts that followed a unique protocol and included 2600 children, with more than 2000 
children-mother pairs having DNA available. We are currently studying samples from the INMA cohort 
in relation to neurodevelopment and Body Mass Index (BMI) and other phenotypes, taking into account 
environmental exposures.

2. Genetic variants associated to psychiatric disorders
Elisa Docampo, Mònica Gratacòs, Marta Morell, Anna Puig, Ester Saus, Daniel Trujillano 

The group has developed activities in the study of substance abuse disorder, anxiety disorders (panic 
disorder and obsessive-compulsive disorder), eating disorders and affective disorders. In most cases, the 

Figure 2. 
Identification of a polymorphic structural 
variation deletion involving genes LCE1E 
and LCE1D by high-trhoughput sequencing 
after capturing genomic DNA of 10 
individuals.
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methodology involved the selection of variants of SNPs in candidate genes to be involved in the patho-
physiology of the disease. We have studied the route of melatonin or genes that regulate circadian rhythm 
in patients with affective disorders, the endocannabinoid pathway in eating disorders and panic disorder, 
or galanin, estrogen and glutamate in obsessive compulsive disorder. In addition, we selected samples 
of patients with different addictions to perform an association study targeting gene family of neurexins to 
assess the possible involvement of variants in these genes in addictive processes. In addition to these 
lines of research, the group has established international partnerships to replicate the results of other 
investigations and contribute to studies of GWAS samples. 

The group has studied the role of miRNAs and CNVs in susceptibility to psychiatric disorders. We have 
examined, for example, a CNV in obsessive-compulsive disorder, bipolar and anxiety disorders, and the 
involvement of miRNAs in anxiety disorders and insomnia associated with bipolar disorder. We have 
carried out functional studies for several miRNAs and have identified interesting regulation pathways for 
genes expressed in the central nervous system.

3. Functional genomics of neurological disorders
Mónica Bañez-Coronel, Marc Friedländer, Birgit Kagerbauer, Esther Lizano, Susana Iraola, Eulàlia Martí, 
Elisabet Mateu, Elena Miñones, Lorena Pantano

Small non-coding RNAs are involved in the guidance of diverse types of gene regulation, typically resul-
ting in reduced expression of target genes. MicroRNA (miRNA) are a major class of non-coding RNAs. 
They are ubiquitously expressed and are believed to regulate most biological processes in a tissue- and 
temporal-specific manner. They are key players in the development of the central nervous system. The 
characterization of small RNA expression profiles in neurodegenerative disorders should provide impor-
tant clues about the fine regulation of a plethora of genes that are involved in cell-specific survival of key 
neurones of brain regions that lead to disease.

We have characterized non-coding small RNAs, mainly miRNAs, in brain samples from individuals with 
Huntington disease (HD) and Parkinson disease (PD) and individuals without neuropathology. We have 
worked on: a/ analysis of expression profiles of miRNAs in combination with analysis of transcriptome 
and proteome; b/ evaluation of the functional characteristics of specific miRNAs, c/ development of bio-
informatics tools for analysis of small RNAs, d/ identification small RNAs relevant to neurodegenerative 
disease through large scale sequencing datasets

We have identified the early downregulation of miR-34b/c in different brain areas with diverse degree of 
neuropathological affectation in PD. Our results further show that miR-34b/c modulate mitochondrial 
function and oxidative stress in neuronal cells. These results suggest that the early downregulation of 
miR-34b/c contribute to key neuropathological aspects in PD (Figure 3).

Figure 3. 
Effect of depletion 

of miR-34b and miR-34c in 
mitochondrial morphology.
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We have used high-throughput sequencing to characterize the small RNA transcriptome of brains of pa-
tients with Huntington’s disease (HD) and individuals without neuropathological lesions. Our results show 
strong deregulation of miRNA and isomiR expression in HD and further suggest that altered miRNAs and 
isomiRs contribute to aberrant gene expression. 

The group is also studying the role of small non-coding RNAs in neurodegeneration associated to triplet 
repeat expansion diseases such as HD and fragile X-associated tremor ataxia syndrome (FXTAS) (Figure 
4). In triplet repeat expansion diseases, it has been recently shown that short CAG repeats generated 
from mutated long repeat hairpins, act as siRNAs and use the RNA interference machinery to trigger 
downstream effects. The group is evaluating the role of CAG and CGG repeated RNA in generating toxic 
effects in neurons.

PUBLICATIONS

Articles

Guidi M, Muiños-Gimeno M, Kagerbauer B, Martí E, Estivill X, Espinosa-Parrilla Y.
“Overexpression of miR-128 specifically inhibits the truncated isoform of NTRK3 and upregulates 
BCL2 in SH-SY5Y neuroblastoma cells.” 
BMC Mol Biol, 11:95 (2010).

Biffi A, Sonni A, Anderson CD, Kissela B, Jagiella JM, Schmidt H, Jimenez-Conde J, Hansen BM, 
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A, Seifert-Held T, Stoegerer EM, Tomás M, Rabionet R, Estivill X, Brown DL, Silliman SL, Selim M, Worrall 
BB, Meschia JF, Montaner J, Lindgren A, Roquer J, Schmidt R, Greenberg SM, Slowik A, Broderick JP, 
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Ann Neurol, 68(6):934-43 (2010).
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Morales E, Guerra S, García-Esteban R, Guxens M, Alvarez-Pedrerol M, Bustamante M, Estivill X, 
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Am J Obstet Gynecol, Epub 2010 Oct 25.

Figure 4. 
Overexpression of a small non-coding 
RNA in oxidative stress in neuronal 
cell lines.
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SUMMARY

Our laboratory focuses on the development of gene therapy strategies to understand and treat human 
complex genetic diseases. The advances on the basic biological understanding of molecular and cellular 
events underlying specific disease pathophysiology, facilitates the development of gene therapy in a 
broad spectrum of human diseases. Efficacy of gene therapy application has already been proven in 
clinical trials for several rare genetic diseases and in the future it can be foreseen as a medicine to treat 
patients on an individual basis. Gene therapy has also a great potential as a powerful genetic tool to 
contribute to the identification of the functional role of specific genes and/or small non-coding elements 
in certain conditions. Our research interests are in genetic engineering viral vectors that can selectively 
and efficiently target specific cell types and to study their impact in living animals. Pharmacokinetic and 
pharmacodynamic studies are being conducted in specific disease mouse models to evaluate the thera-
peutic response or selected phenotypic rescue. 

RESEARCH PROJECTS

1. Pancreatic cancer

Pancreatic cancer is a neoplasia with a very bad prognosis mainly due to the late diagnosis and inefficient 
current therapies. We take advantage of the current understanding of the mechanistic pathogenesis 
and of the comprehensive available data regarding inefficient therapeutic response to design alternative 
treatments. In the past few years we have been involved in exploring the feasibility of suicide gene-
virotherapy. This system is based on the combination of two different principles, based on the attempt 
to achieve tumor destruction by allowing lytic adenovirus to replicate in tumor cells, multiply and disse-
minate, and by arming these viruses with the Herpes Simplex Thymidine Kinase gene (TK) that when 
combined with GCV induces apotosis mediated cell killing. This year we have gained insight in the un-
derstanding of the basic mechanisms of tumor cell killing induced by the TK/GCV system. We demons-
trated the relevance of cell cycle control pathways and point out at Chk1 activation as a key factor to 
mediate TK/GCV cytotoxicity. Moreover we have shown the implication of E-cadherin in the modulation 
of the gap-junction mediated TK/GCV bystander effect. Interestingly we have also shown the key role of 
connexin-26 in the bystander effect of gemcitabine toxic metabolites in pancreatic adenocarcinoma. We 
have proved to boost the potency of adenoviruses when TK was expressed at the late phase of viral re-
plication and we are actively working on providing tumor selectivity to those viruses. Post-transcriptional, 
transcriptional and viral capsid modification strategies are under development to confer selective tumor 
control to adenoviral replication.

Figure 1. 
Adenoviral oncoselectivity to target pan-
creatic tumors.
A. Scheme indicating  viral lysis in  tumoral 
cells (brown) but not in normal cells (green). 
B. Orthotopic pancreatic tumor xenograft.
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2. Down Syndrome

Down syndrome (DS) is a complex multi-system disorder, resulting from an extra copy of the human 
chromosome 21 gene HSA21. Although HSA21 contains more than three hundred genes, it has been 
hypothesized that the excess of specific target genes (dosage-sensitive) will have a major impact on 
the DS phenotype. To better understand the contribution of these specific genes, we have engineer 
a novel approach that takes advantage of the current knowledge from the existing mouse models. 
This approach is based on the rescue of a phenotype in a mouse model by the viral delivery of shRNA 
sequences targeting a candidate gene. A proof of principle approach was developed and shown that 
normalizing the expression of the Dyrk1A dosage sensitive gene in the striatum of adult TgDyrk1A 
by AAVshDyrk1A delivery rescued motor impairment. This approach highlighted Dyrk1A phenotypic 
dependence in motor alterations. Mental retardation is the more disabling trait in DS. We have 
preliminary evidences indicating that Dyrk1A normalization in the hippocampus attenuate specific 
hippocampal-dependent defects. 

Studies on the molecular mechanisms by which the normalization of Dyrk1A can reverse such phenotypes 
are also being explored. This year we have also shown that over-expression of the HSA21 gene RCAN1 in a 
transgenic mouse results in marked cognitive defects. Despite the contribution triggered by the dosage-
sensitive genes to the phenotype the over-representation of functional non-protein-coding elements 
might be involved in some of the abnormal phenotypes. On going efforts involve the development of 
viral gene-transfer approaches that help to evaluate the contribution of these non-coding elements to the 
cognitive phenotype of DS murine models.
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SUMMARY

The ability of a human being to perform complex tasks relies on the correct formation of neuronal circuits. 
For this to happen, the many cell types of a mature brain have to be generated at the correct numbers 
and then differentiate properly during development, a complex process that is exquisitely regulated in 
time and space. Mutations disturbing the division mode of neuronal precursor cells, cell fate acquisition, 
differentiation, or natural cell death are likely to cause alterations in brain connectivity resulting in neuro-
logical diseases and mental retardation. 

Trisomy 21 is the main genetic cause of mental retardation, resulting from neurodevelopmental altera-
tions and also changes in brain homeostasis in the adult. Research in the past few years has revealed 
that a number of human chromosome 21 (HSA21) genes are overexpressed in Down syndrome (DS) by 
at least 50% due to gene dosage. Because of the complexity of the DS phenotype, it is very likely that the 
increased expression leads to perturbations in a great variety of biological pathways. One of the HSA21 
genes that is remarkably sensitive to gene dosage is the one encoding the protein kinase DYRK1A. Both 
its overexpression, as part of the DS critical region, as well as its haploinsufficiency have been linked to 
neurodevelopmental alterations and mental retardation in humans. In fact, haploinsufficiency of DYRK1A 
is proposed to be considered a distinctive clinical syndrome including mental retardation, primary micro-
cephaly, intra-uterine growth retardation and behavioural problems. Therefore, DYRK1A plays an impor-
tant role in mammalian brain development that has not been clearly elucidated.

The group has developed a mouse model of Dyrk1a haploinsufficiency and it also works with transgenic 
mouse models in which the Dyrk1a gene is present in three copies through a collaboration with Jean 
Delabar (Universitè Paris). Moreover, since the gene dosage sensitivity might be linked to the ability of 
DYRK1A to interact with a wide variety of proteins and to participate in several signalling pathways, we 
are interested in establishing the DYRK1A interactome, as a way to understand the cellular functions of 
this kinase.

RESEARCH PROJECTS

1. DYRK1A and nervous system development 

We have examined whether the anti-apoptotic effect of DYRK1A that we had previously observed in 
the developing retina of gain-of function Dyrk1a mutant mice have any impact in the establishment of 
retina circuitry in DS. To this aim, we have use a DS trisomic model, the Ts65Dn mouse. As in the gain 
of function mutants, these mice present reduced developmental cell death and, as a consequence, 
cellularity and electrical responses in the mature retina are significantly altered. This phenotype is due 
to the extra copy of Dyrk1a since retinas of trisomic Ts65Dn mice in which Dyrk1a dosage have been 
normalized by genetic means show normal developmental apoptosis and cellularity in the adult.

Some brain structures in Dyrk1a+/- heterozygous mutant mice present an important neuron loss. Exami-
nation of the formation of midbrain dopamine neurons, in mice with 1 or 3 functional copies of Dyrk1a 
has revealed an altered developmental apoptosis in the brain of these mutants. Similarly to our previous 
analysis in the retina of Dyrk1a transgenic models, apoptosis in the brain is increased in Dyrk1a loss-of 
function mutants and decreased in the gain-of function mutants. We have previously demonstrated that 
caspase-9 is phosphorylated at a major inhibitory residue, Thr125, by DYRK1A and that the levels of 
phosphorylated caspase-9 in the developing retina correlate with the magnitude of apoptosis. We are 
currently investigating whether deregulation of caspase-9 mediated apoptosis is contributing to the alte-
red development of dopaminergic neurons in Dyrk1a mutant mice.
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2. DYRK1A and neural stem cell regulation 

The putative role of DYRK1A in controlling the homeostasis of neuronal precursor cells in the brain has 
been investigated. In collaboration with Isabel Fariñas (Universidad de Valencia), we have shown that 
DYRK1A is involved in the regulation of biased epidermal growth factor receptor (EGFR) signaling in the 
progeny of dividing neural stem cells of the adult subependymal zone. Dyrk1a heterozygous neural stem 
cells exhibit defects in self-renewal, EGF-dependent cell fate decisions and long-term persistence in 
vivo. At the molecular level, we found that both DYRK1A and EGFR are symmetrically or asymmetrically 
distributed during mitosis of neural stem cells and that EGFR asymmetry requires normal Dyrk1a dosage. 
This effect is due to DYRK1A preventing endocytosis-mediated degradation of EGFR. Our results have 
led to propose that symmetrical divisions play a role in the maintenance of the adult subependymal zone 
reservoir. 

3. The DYRK family of protein kinases

One of the approaches we have chosen to elucidate the participation of DYRK1A in different cellular pro-
cesses and signal transduction pathways is to inferred it from the activity of its interactors and substrates. 
In this line, several proteomic screens are currently carried out to identify novel DYRK1A partners that can 
act as regulators of DYRK1A at different levels (stability, subcellular localization, activity) or as substrates.

We have extended our interest to other members of the DYRK family of protein kinases and characterized 
the less known member of the family, DYRK4. We have found that a combination of promoter usage and 
alternative splicing gives rise to several protein isoforms that display differential expression patterns and 
distinct subcellular localization or kinase activity. Our results also show that substrate specificity may 
represent a critical factor that governs biological specificity among the DYRK family of protein kinases.

Figure 1. 
DYRK1A regulation of EGFR distribution of 

the daughters of neural stem cells.

Figure 2. 
DYRK family of protein kinases.
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SUMMARY

The overall goal of our research is to understand the role of putative candidate genes for human complex 
genetic diseases that affect cognitive systems, using genetically modified mouse models as our main 
experimental tool. The characterization of these models allows obtain better knowledge of the genetic 
substrates regulating the expression of complex behavioral traits and the pathogenesis of neuropsy-
chiatric and neurological disorders. Understanding the genetic and neural circuits disturbed in mental 
retardation and neuropsychiatric disorders is one of the significant challenges in ultimately treating it.  
Answers may emerge from systems neuroscience approaches that combine cognitive, imaging, and 
genetic analyses with the results from animal and cellular models.

RESEARCH PROJECTS

During the last years our group has contributed significantly to research into cognitive processes and 
their relationship to brain function in neuropsychiatric disorders and mental retardation. The work has 
been relevant to the translation of research from basic behavioral science and integrative neuroscience, 
to clinical issues. By taking validated mouse models of human developmental cognitive disorders such 
as Down syndrome we have devised fundamental problems related to synaptic plasticity in these models 
and have devised new therapeutic strategies to rescue learning and memory, and delineate the cellular 
and molecular correlates of effective therapies and their mechanistic interrelations. The true value of our 
studies lies in the systematic and wide-angled approach that has lead to an integrated overview of the 
mechanisms underlying (different forms) of memory. From the translational angle, the added value of her 
project relies in the fact that a pilot study in humans has been already performed based on our basic 
research. 

Concretely the group has contributed to characterize the functional and structural organization of the 
cognitive networks in Down syndrome (DS) models and the mechanistic aspects underlying the neuropa-
thology. There are a number of mouse models of DS that replicate some of the cognitive and behavioral 
alterations of DS humans (for a review see Lott and Dierssen 2010). However, the link between the 
genetic and neuronal basis of the alteration and the corresponding behavioral and cognitive phenotype 
is still missing. 
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a) We have performed a large-scale analysis of gene interactions involved in cognitive phenotype using 
genetically engineered aneuploid mice for overlapping mouse chromosomes homologous to HSA21 
(Lopes- Pereira et al 2009, Sahún et al in preparation, coll Ionas Erb/Cedric Notredame). We have 
also continued the characterization of single gene transgenic models focusing on the fine dissection 
of different forms of learning and memory (Azkona et 2010, Dierssen et al 2011) and at the molecular 
levels (Azkona, PhD thesis; Toiber et al 2010; Sisley-Lejeune award 2010).

b) We are interested in dissection of the molecular mechanisms affecting neuronal network formation 
in primary cortical cultures (Martínez de Lagrán et al submitted) and the possible involvement of Rho 
signaling and actin cytoskeleton (EU project granted; M Dierssen, coordinator).

c) Epigenetic contributions to the functional and structural anomalies in DS. We have analyzed histone 
deacetylation patterns and DNA methylation patterns (coll. M Esteller) and the phenotypes of cortical 
neurons (Toiber et al 2010, G Arqué, S Martínez, M Dierssen, in preparation).

d) Several physiological mechanisms of cortical neurons and synapses play a key role in constraining the 
extent and strength of network activation, among them are the balance between excitation and inhibition 
in the cortex (coll. MV Sánchez-Vives; IDIBAPS).

e) We are also collaborating with other research groups focusing on neurodegenerative disorders (Botella-
López et al 2010; Fillat et al 2010; Mellström et al in preparation).

1. Neuropsychiatric disorders

a) Panic disorder
We address the pathogenetic mechanisms that underlie the inability of persons with anxiety disorders 
to correctly identify the fear-related information using genetically modified mouse models (D’Amico, PhD 
thesis, D’Amico et al in preparation). We also study the common neurobiological pathways responsible 
for co-morbid processes such as stress and drug abuse disorders (Amador-Arjona et al 2010; Gallego et 
al 2010), and we analyze the structure of fear memories and the contribution of different candidate genes 
to the sensitivity to panicogenic/panicolitic agents (M Do Santos, in preparation). 

b) Nicotine dependence
The second line is focused on the genetic-susceptibility to nicotine dependence (X. Gallego et al, sub-
mitted; S. Molas PhD project)

c) Obsessive-compulsive behavioral components of obesity
We focus on the development of a behavioral model of the obsessive-compulsive elements involved in 
eating disorders (J. MacDonald et al in preparation; Heyne et al 2009; Mercader et al submitted) and in 
the bioinformatic analysis of the behavioral structure.
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SUMMARY

Next Generation Sequencing (NGS) techniques enable us to analyze the genome, transcriptome and epi-
genome of an individual in a tissue or even cell specific manner at single nucleotide resolution. Different 
samples can be analyzed at multiple molecular or regulatory levels using the same technology platform. 
This allows for identification of disease specific alterations at molecular level and will likely result in optimized 
individual treatment of patients. Furthermore NGS techniques can be used for metagenomic analysis of 
pathogenic and non-pathogenic bacteria that will provide a better understanding of pathogenicity, host 
defense, antibiotic resistance and the impact of drugs on the human microbiome.

The focus of our group is the analysis of NGS data in order to detect genomic, genic and epigenomic 
variation related to disease or intolerance to specific treatments. We seek to develop analysis tools 
for related sequencing applications including genome re-sequencing and assembly, DNA and histone 
modification detection, transcriptome analysis and structural variant prediction. We further aim to incor-
porate all algorithms into a general analysis framework, allowing for quick adaptation to the challenges of 
coming sequencing technologies and approaches, e.g. single molecule sequencing, longer read length 
and further increased throughput. The direct and easy applicability of our framework to sequencing data 
produced at the CRG or freely available via sequencing read archives is of particular importance for us 
and we make use of our experience with NGS analysis in several collaborations with experimental groups 
working on both prokaryotes and eukaryotes.

RESEARCH PROJECTS

1. Human Brain Epigenome Atlas: Tissue and Allele Specific Epigenomic Variation 
in Neurological Disorders

Genomic changes can lead to epigenomic variability, which can in turn give rise to gene regulatory chan-
ges, differential gene expression and susceptibility to complex diseases. In diploid genomes quantitative 
changes in e.g. expression or chromatin state at heterozygous loci can be observed in an allele specific 
manner and can be used as molecular phenotype data in expression or activity quantitative trait loci 
analysis (i.e. genetic variants correlated to differential expression or regulatory activity, often termed eQTL 
and aQTL). Thereby allele-specific gene expression, chromatin modifications or chromatin structure can 
reveal cis- and trans-acting regulatory factors of genes. Comparison of epigenomic profiles (chromatin 
states) between tissues and individuals can give insights into the cause of complex diseases and can 
further be used to classify disease specific genomic variation in currently non-annotated (intergenic) 
regions. Importantly chromatin state and expression patterns vary across tissues and can undergo dras-
tic changes in disease cells, unveiling tissue and disease specific gene regulatory activity [2]. Recently 
introduced Next Generation Sequencing (NGS) technologies allow for deep sequencing of biological 
samples and accurate quantitative analysis of e.g. gene expression, protein binding affinity and chroma-
tin modification at single nucleotide resolution, providing a rich resource for detection of genetic variation 
and correlated allele specific variability in gene regulation.

The aim of this project is to study correlations between genomic and epigenomic variability in neurolo-
gical diseases using whole genome and exome sequencing, DNA-methylation and histone modification 
data (BS-seq, ChIP-seq), open-chromatin maps (DNAseI-seq) and chromosome conformation capture 
(ChIA-PET). In the first phase of the project we will produce and analyze NGS data to build an in-depth 
atlas of the human brain epigenome, encompassing transcriptome* and chromatin state profiles for se-
ven tissues of healthy and diseased brains. Following a pilot study on healthy human brain samples we 
will expand the project to study the genome and epigenome of brains affected by Alzheimer’s disease 
and Parkinson’s disease, the two most prevalent neurodegenerative disorders.

In order to identify eQTL and aQTL we will first develop tools to detect and quantify allelic imbalances 
of transcriptional and epigenomic signals at heterozygous genetic variants within the same individual. 
Using algorithms proposed by Ernst et al. and Kharchenko et al. we would further generate tissue and 
disease specific maps of chromatin states. The information generated in this project will be crucial for 
the detection of epigenomic patterns in disease and their correlation to genomic variants and differential 
gene expression. Disease specific epigenomic patterns could be interesting biomarkers for early disease 
diagnosis, prediction of treatment outcome, determination of causal genomic loci, and development of 
new treatment methods. Comparison of chromatin state and expression patterns between healthy and 
disease tissue might also shed light on the functional implications of intergenic variants, predicted to be 
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linked with complex diseases by e.g. aQTL analysis or by genome-wide association studies (GWAS). 
Thus, the project should provide useful information to GWAS performed on several clinical phenotypes. 
Because we will work on samples that have been detected at early stages of the disease through colla-
borative work with brain banks and experienced neuropathologists (Isidre Ferrer, CIBERNED, Research 
Network on Neurodegenerative Disorders), we should be able to identify early markers of disease status. 
This should result in the identification of biomarkers of disease development with potential application in 
clinical settings. Due to the universal language of epigenetic changes that will be explored in this project, 
we anticipate that the developed methods and analysis framework will also be applicable to the study of 
other complex human diseases as well as cancer. The work on the brain epigenome atlas is still in the 
planning phase. Sequencing of samples will start in 2011.

2. Understanding Cancer Genomes: Computational Analysis of Structural Variants 
and Correlated Transcriptional and Epigenomic Variation in Leukemia

In this project we will develop novel methods for detection of structural variants (SV), copy number va-
riants (CNV) and movement of transposable elements using Next Generation Sequencing (NGS) data 
from chronic lymphocytic leukemia tumors (CLL) sequenced as part of the International Cancer Genome 
Consortium. Further we will combine information across multiple tumor and normal samples from hun-
dreds of CLL patients sequenced using multiple strategies (genome or exome sequencing, RNA-seq) to 
study driver and passenger mutations of the tumor, mutation heterogeneity as well as mutations influen-
cing metastasis. The group is participating in the International Cancer Genomics Consortium (ICGC) with 
the aim to fully characterize the genome of chronic lymphocytic leukemia (CLL). The role of our group is 
to optimize the computational analysis of NGS data in order to obtain high quality micro-indel and struc-
tural variant predictions in normal and leukemic cells from patients with CLL. The Spanish contribution to 
the ICGC is a collaborative effort between several centers in Spain (Clinic Hospital, University of Oviedo 
and CNIO, among others). We have made substantial progress in implementing a new algorithm to de-
tect small to medium sized indels (1 to 200bp), which are hard to detect using paired-end mapping (PEM) 
based strategies. We have further set up a standardized analysis pipeline including SNP, micro-indel, SV 
and CNV prediction, which is currently applied to data from 25 patients. 

3. Transcriptome and Exome Sequencing: Key Approaches to Study Human 
Disease and Cancer

Human exome analysis using Next Generation Sequencing (NGS) has recently been established as a 
key approach to identify genetic variation causal for rare mendelian diseases. Our group in collaboration 
with the Estivill lab is adapting this approach to analyze hundreds of exomes from patients with complex 
diseases, e.g. chronic lymphocytic leukemia, psoriasis, chronic fatigue syndrome, obsessive–compul-
sive disorder, Alzheimer and Parkinson disease. In parallel Transcriptome sequencing (RNA-seq) will be 
applied to detect changes in gene regulation and expression including allele-specific regulatory changes 
and expression quantitative trait loci (eQTL) as well as gene fusions. In this project we will develop and 
optimize methods and algorithms to detect genomic variants like SNPs, indels, inversions and copy 
number variants from both Exome-seq and RNA-seq data and to identify eQTLs. We have made subs-
tantial progress in establishing a standardized analysis pipeline for exome sequencing, which is currently 
used to analyze data from the first disease (Psoriasis) and exome data from five centenarians (people 
above age of 100).

4. Determining Genetic Factors and Metagenomic Alterations Related to 
Staphylococcus aureus Infection

In this project we will study genetic factors influencing S. aureus infections responsible for significant 
morbidity and mortality in community and health care settings due to increasing frequency of antibiotic 
resistance. Next Generation Sequencing (NGS) technology allows for a detailed analysis of the genes 
and variants correlated to e.g. pathogenicity and antibiotic resistance. New algorithm will be developed 
to analyse genome and transcriptome NGS data from S. aureus as well as data from T-DNA directed 
insertion-site sequencing of S. aureus mutants and metagenomic sequencing of the nares. We have 
already sequenced 12 strains of S. aureus including pathogenic and non-pathogenic strains, which are 
currently being assembled and compared in order to detect variants causal for pathogenicity.
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Researchers at the Bioinformatics and Genomics programme use computation in genome research. 
The programme includes five groups, those lead by Roderic Guigó, Cedric Notredame, Toni Gabaldón, 
Fyodor Kondrashov, and Gian Gaetano Tartaglia. 

In addition to carry out their own research agenda, the groups are very active in collaborations with 
other CRG research groups, and they have played a very active role in the design and implemen-
tation of the CRG’s computing scientific network. 

> Genome Bioinformatics (Roderic Guigó)
> Comparative Bioinformatics (Cédric Notredame)
> Comparative Genomics (Toni Gabaldón)
> Evolutionary Genomics (Fyodor Kondrashov)
> Gene Function and Evolution (Gian Gaetano Tartaglia)
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SUMMARY

Research in the Genome Bioinformatics group focuses in the development and application of methods 
to identify functional domains in genomic sequences, Our group is involved in both the development of 
software for gene prediction in genome sequences, and in the investigation of the signals involved in gene 
specification. Our group has actively participated in the analysis of many eukaryotic genomes and it in 
involved in NIH funded ENCODE project

RESEARCH PROJECTS

1. Characterization of long non-coding RNAs

While they are poorly understood, long non-coding RNAs (lncRNAs) are emerging as central players in 
cell biology. lncRNAs are long, multiexonic transcripts, often polyadenylated, that exhibit the epigenetic 
marks typical of transcribed regions (Guttman, Amit et al. 2009). They show low level of evolutionary 
sequence conservation, although higher than that of the genomic background(Marques and Ponting 
2009), They may be as numerous as protein coding genes (Harrow, Denoeud et al. 2006), but the precise 
biological role of the vast majority is unknown. We have recently shown that many lncRNAs may function 
by activating the expression of nearby protein-coding genes (Orom, Derrien et al. 2010).  Indeed, we 
analyzed a set of 3,019 lnRNAs not overlapping protein-coding loci from GENCODE (REFS). Using RN-
Aseq we have shown that lnRNAs display differential tissue expression, which is closely paralleled with 
their associated active or repressive chromatin signatures.  Importantly, we found that the expression of 
LnRNAs is, in general, positively correlated with the expression of of protein coding genes in the neigh-
borhood. Functional analysis of a number lnRNAs in multiple cell lines confirmed their role as enhancers 
of the expression of neighbour protein coding genes (Figure 1). 
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2. Transcriptome reconstruction from RNAseq experiments

Recent technical developments in massively parallel sequencing (also know as Next Generation Se-
quencing, NGS) seem to provide for the first time the throughput required for accurate transcriptome 
characterization. Indeed, a number of studies have demonstrated that deep RNA sequencing (RNASeq) 
provides access to a similar, if not greater dynamic range than microarrays, with the advantage that it 
allows for detection of previously unknown transcripts and the quantification of alternative transcript 
isoforms. RNASeq is thus quickly becoming the “de facto” standard for transcriptome characterization, 
spreading to very diverse application domains,.  The challenges to deal with RNASeq data are, however, 
formidable, and they have triggered active research in Computational Biology: from short read sequence 
mapping (see (Li and Homer 2010) for a review) to transcript reconstruction (Guttman, Garber et al. 
2010; Trapnell, Williams et al. 2010) and transcript quantification (Jiang and Wong 2009; Zheng and 
Chen 2009).  Our group has devoted substantial effort to develop very efficient tools for RNASeq analy-
sis. These include the GEM read aligner (http://big.crg.cat/services/gem_genome_multi_tool_library), the 
Flux Capacitor (http://big.crg.cat/services/flux_capacitor) for transcript quantification, and NextGeneid 
for “de novo” transcript modeling and discovery. The tools are still under development, but they are 
already part of the analysis pipeline of the ENCODE project (TheENCODEprojectConsortium 2011), and 
we have used them in a number of other projects. For instance, in collaboration with Manolis Dermitzakis, 
from the University of Geneva, we have used the Flux Capacitor to produce transcript quantifications 
from RNASeq data obtained in 60 individuals from the HapMap project(Montgomery, Sammeth et al. 
2010). This has allowed, for the first time, the identification of eQTL responsible for the variation of abun-
dance of individual splice forms (Figure 2). 

Figure 1. 
Knock-down analysis on LnRNA loci. The 
targeted LnRNAs are shown in red. In 
the bar-plots 1 and 2 represents specific 
siRNAs to the LnRNA in the depicted locus, 
3 and 4 represents control siRNAs. a. De-
pletion of lnRNA LnR-279 locus in HEK293 
cells results in a concomitant decrease in 
the expression of the neighboring EMC1 
gene. Loss-of-function mutations of ECM1 
results in lipoid proteinosis, a rare autoso-
mal recessive genodermatosis24.b. De-
pletion of the LnR-367 locus in HeLa cells 
resulted in depletion of the opposite strand 
of the gene KLHL12 a gene known for its 
negative regulation of the Wnt-beta catenin 
pathway c. Depletion of the LnR-112 locus 
in MCF-7 cells resulted in a specific and 
potent reduction of TAL1 expression. d. 
Depletion of the LnR-113 locus in Jurkat 
cells resulted in a consistent and significant 
decrease in CMPK1 levels.  LnR-112 and 
LnR-113 map within 300bp of the SCL 
locus, a basic helix-loop-helix protein which 
serves as the master regulator of hemato-
poiesis24. All values are relative to Gapdh 
expression and normalized to siRNA 4 set 
to 1. Error bars show standard deviation. * 
p < 0.05, ** p < 0.01, *** p < 0.001 by two-
tailed Student’s T-test.
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3. Nucleosome positioning 

The search of sequence prerequisites for nucleosome positioning has been a long-standing problem 
at the intersection of chromatin structure and gene regulation. With the use of structural information 
directly related to the primary DNA sequence we propose a new property of natural nucleosome for-
ming sequences, which is inherently related to their intrinsic curvature and its symmetry. A measure of 
this property has been introduced and a corresponding method validated against novel high quality 
datasets of human nucleosomes, obtained through close collaboration with CRG’s Chromatin and Gene 
Expression Group (Miguel Beato). Based on this symmetrical curvature property, we have implemented a 
computational ab initio method for nucleosome positioning prediction and have shown this method to be 
more efficient than previously published ab initio methods aiming at the same goal. The aforementioned 
method is already being applied in a number of analyses related to nucleosomal patterns of regions of 
interest in various organisms, and have lead to the discovery of structural constraints in consistent 
nucleosome positions. Based on these observations we have proposed a model for nucleosome positioning 
sequences(Nikolaou, Althammer et al. 2010) (Figure 3)

Figure 2. 
eQTL  with opposite effect in two alternative 

splice forms of the HLA-DRA gene.

Figure 3. 
A model for nucleosome positioning 

sequences. Vertical dotted lines represent 
consistent nucleosome boundaries. Green 

and red filled plots with arbitrary axes are 
qualitative representations of sequence 

conservation and SymCurv, respectively, 
shown here to allow better description of 

the model (actual data presented in Figure 
4). High-affinity binding is necessary for 

regulatory elements occupying the surroun-
ding space and allowing nucleosomes to 

occupy regions of low sequence constraint. 
The consistent positioning of these nucleo-

somes does not require high affinity but 
imposes a secondary level of constraints of 
a structural type on the underlying sequen-
ces. The symmetry of DNA curvature may 

be seen as one constraint of this type.
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4. Epigenomic determinants of splicing

We have found evidence that strongly suggests a direct involvement of chromatin structure in RNA spli-
cing. We have analyzed high throughput sequencing data recently produced by Schones et al. (2008) on 
positioning of nucleosomes in resting and activated human CD4+ T cells. Our analyses show evidence 
for stable nucleosome occupancy within internal exons of human genes, a pattern absent in pseudo-
exons (non-repetitive intronic sequences flanked by strong splice sites), which in contrast exhibit a weak 
nucleosome depletion (Figure 3). Remarkably, this pattern depends on the strength of the splice sites. 
Indeed, the nucleosome peak is accentuated within exons with weak splice sites, while in the exons with 
strong splice sites, as well as in pseudoexons, a region of stable nucleosome occupancy is observed 
upstream of the acceptor sites. As a result, pseudoexons with strong splice sites—in which splicing 
does not occur despite the strength of the sites—show a pattern of nucleosome occupancy which is 
the mirror image of that observed on exons with weak sites—in which splicing occurs despite the weak-
ness of the sites. These observations strongly suggest that positioning of nucleosomes influences RNA 
splicing(Tilgner, Nikolaou et al. 2009), and we have suggested a model in which nucleosomes would 
influence splicing through transcription(Tilgner and Guigo 2010) (Figure 4).

5. Identification of selenoproteins

Selenoproteins are a group of proteins that contain selenocysteine (Sec), a rare amino acid inserted 
co-translationally into the protein chain. The Sec codon is UGA, which is normally a stop codon. In se-
lenoproteins, UGA is recoded to Sec in presence of specific features on selenoprotein gene transcripts. 
Due to the dual role of the UGA codon, selenoprotein prediction and annotation are difficult tasks, and 
even known selenoproteins are often misannotated in genome databases. Our group has had a long 
standing interest in selenoprotein identification and evolution. We have recently developed present an 
homology-based in silico method to scan genomes for members of the known eukaryotic selenopro-
tein families: selenoprofiles. The core of the method is a set of manually curated highly reliable multiple 
sequence alignments of selenoprotein families, which are used as queries to scan genomic sequences 
(Figure 5).  Results of the scan are processed through a number of steps, to produce highly accurate 
predictions of selenoprotein genes with little or no human intervention. Selenoprofiles is a valuable tool for 
bioinformatic characterization of eukaryotic selenoproteomes, and can complement genome annotation 
pipelines (Mariotti and Guigo 2010) 

Figure 4. 
Chromatin involvement in co-transcrip-
tional splicing. 
View of co-transcriptional splicing as 
proposed and drawn by Kornblihtt et al.7 
Splicing is co-transcriptional, allowing 
transcription kinetics and thereby broad 
chromatin structure (e.g., open/closed 
chromatin state) to influence splicing (top). 
Extension of the top-panel-model, in which 
stable positioning of possibly single nucleo-
somes and histone modifications can also 
influence splicing. in particular nucleosome 
occupancy within exons will contribute to 
their inclusion in the mature transcript.
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6. ENCODE Project

We are part of the NHGRI funded ENCODE project. An NHGRI funded project which has as a goal the 
identification of all functional domains in the human genome.  We participated in the grants lead by 
Tom Gingeras (Cold Spring Harbour Laboratory) to characterize the transcriptional activity of the human 
genome, and by Tim Hubbard (Welcome Trust Sanger Institute), where we contribute to build the refe-
rence annotation of the human genome. We lead the ENCODE RNA analysis working group. A paper 
describing the data produced by the ENCODE project has just been published (The ENCODE project 
Consortium 2011), and during year 2011 we plan to publish the main biological results of the project. 
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SUMMARY

The main focus of the group is the development of novel algorithms for the comparison of multiple bio-
logical sequences. Multiple comparisons have the advantage of precisely revealing evolutionary traces, 
thus allowing the identification of functional constraints imposed on the evolution of biological entities. 
Most comparisons are currently carried out on the basis of sequence similarity. Our goal is to extend this 
scope by allowing comparisons based on any relevant biological signal such as sequence homology, 
structural similarity, genomic structure, functional similarity and more generally any signal that may be 
identified within biological sequences. Using such heterogeneous signals serves two complementary 
purposes: (i) producing better models that take advantage of the evolutionary resilience, (ii) improving our 
understanding of the evolutionary processes that leads to the diversification of biological features. We 
develop these novel methods in close collaboration with experimental groups and make them available 
through an international network of web severs: www.tcoffee.org. In addition to the CRG and the Catalan 
government, the group is supported by the Plan Nacional, La Caixa and by two international FP7 con-
sortiums: Quantomics (dedicated to the survey of genomic variation in farm animals) and Leishdrug, a 
project dedicated to the development of a new class of drugs targeting kinases in Leishmania Major.[1-9]

RESEARCH PROJECTS

1. Improvement of Multiple Sequence Alignments

Our lab has pioneered the development of a new generation of multiple sequence alignment methods, 
based on consistency. We keep working actively on this project, addressing the many new issues that 
are arising from the rapid development of large-scale genomics. Indeed, in order to keep with the current 
pace of data production, methods will not only need to be accurate but they will also need to be able to 
scale with the data. Interestingly the recent availability of large CPU capacity ove the cloud means that 
the resources are there and that available methods need to be modified in order to make the best of 
these new resources. We have therefore started adapting massively parallelizing T-Coffee so that it can 
be deployed onto the cloud.

2. Long Non Coding RNA analysis

We are working actively on the development of efficient and accurate methods for the ab-initio discovery 
and the multiple comparisons of long-non coding RNAs. Over the last years we have applied the me-
thods developed in the lab to help confirming the existence of a functionally active secondary in Droso-
phila mRNA, involved in a new polyadenylation mechanism. We have also contributed to the discovery 
of a novel class of long non-coding RNAs exhibiting enhancer-like functions and are now focusing our 
efforts on the improvement of computational methods designed to study the evolution and the conser-
vation of these sequences across genomes.
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3. Structure based Protein Comparisons

The relationship between structural and sequence evolution is complex. On the one hand, protein struc-
tures vary much less during the evolutionary process than their corresponding sequences. As a conse-
quence, homology detection remains possible through structural comparisons at evolutionary distances 
where sequence analysis cannot be used to support homology analysis. This should make structure 
based comparison an ideal complement to standard phylogenetic analysis. Structures however evolve 
under such a strong pressure of selection that it can be hard to distinguish convergent and divergent 
evolution. Taking advantage of our capacity to produce highly accurate multiple structural based se-
quences alignments with the T-Coffee package we have started exploring the computation of structure 
based sequence clustering and establishing the merits of this type of analysis. Our approach relies on the 
comparison of intra-molecular distances between aligned proteins, with results suggesting that structure 
based comparisons can support fine grain classifications.  These classification may be used to infer 
functional relationships, even between distantly related sequences. Because they can deal with distantly 
related paralogues, these comparison can be much more informative than sequence based clusterings 
(See below). Our efforts are now focused on determining the phylogenic merits of this type of approach, 
most notably by assessing how structures may be considered as slow evolving characters allowing the 
reconstruction of very deep nodes. 

Figure 2. 
Tree analysis of current module-based CRD 
classification compared to a new clustered 

based classification. 
(a) Phylogenetic analysis of the 22 

structures of non redundant CRDs (see 
Methods). The neighbor-joining tree 

was derived from MSA of CRDs using 
3D-Coffee. 

(b)  T-RMSD structural clustering derived 
from MSA obtained by 3D-Coffee. For  A 

and B, each CRD is represented by its PDB 
identifier, followed by its position number 

within the architecture of its corresponding 
TNFR and the chain identifier of the corres-
ponding PDB file. The module composition 
is indicated by colored underlines: A1-B1, 
dark red; A1-B2, red; A1-C2, orange; A1-
D2, yellow; X2-N, light green; and A2-B1, 

dark-green.
Bootstrap values are given for each node.
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SUMMARY

Our research interests are focused around the use of comparative genomics and phylogenomics to 
study the origin, evolution and function of complex biological systems. This includes understanding 
how specific biochemical pathways, protein complexes or cellular organelles emerged and evolved as 
well as using this evolutionary information to gain insight into their function. Through collaborations with 
experimental groups we apply comparative genomics to discover new mechanisms and genes involved 
in interesting processes, especially those of clinical relevance (see lines of research). On the technical 
side, our work often involves the development of new bioinformatics tools and algorithms that we make 
available to the community.  You can access more info at http://gabaldonlab.crg.es.

RESEARCH PROJECTS

1. Discovery of new genes involved in mitochondrial disease

Mitochondria play a central role in the cellular metabolism and the impairment of many mitochondrial 
proteins leads to disease. The list of such diseases is continuously growing and includes Parkinson´s, 
Alzheimer´s and Huntington´s diseases. Despite recent advances, the molecular basis of many mito-
chondrial diseases is yet to be understood and there is growing need to identify disease-causing genes 
and to unravel their functions. Recently, proteomics analyses have identified a large set of proteins that 
function inside the mitochondrion, the so-called mitochondrial proteome. Most of these proteins are 
not functionally characterized and it is expected that many of them may be involved in mitochondrial 
diseases. Moreover, other mitochondrial proteomic sets are being characterized in different species fa-
cilitating an evolutionary analysis of the mitochondrial system. The aim of this research line is to integrate 
different types of data and automatically combine them in order to facilitate the identification and functional 
characterization of mitochondrial disease-related genes. This year we published the confirmation of one our 
computational-based predictions that lead to the discovery of a novel tRNA modification enzyme.

2. Comparative genomics of fungal pathogens

Fungal infections constitute an ever-growing and significant medical problem. Diseases caused by such 
pathogens range from simple toe nail infections, to life-threatening systemic mycoses in patients with 
impaired immune systems. The molecular mechanisms driving invasion of mammalian hosts by fungal 
pathogens poses many scientifically challenging problems, which are as yet little understood. The abi-
lity to infect humans has emerged in several lineages throughout the fungal tree of life. Therefore, the 
problem of elucidating the mechanism for pathogenesis of fungi, as proposed here, can be approached 
with an evolutionary perspective by detecting specific adaptations in pathogenic lineages. This year we 
performed a large-scale analysis of the impact of horizontal transfer of bacterial genes in the evolution of 
fungi that showed that this mechanism has been frequent in diverse lineages. 
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3. Comparative genomics of apoptosis and other programmed cell deaths  

Programmed cell-death is a central biological process that in eukaryotes it evolved into different complex 
pathways. It acts as a control mechanism of homeostasis in cell number and is triggered by the onset 
of a coordinated biochemical cascade of events, a process called apoptosis in metazoan species. 
Although much progress has been made in the recent years, its origins and evolutions remain to be 
resolved. The aim of this project is to trace the evolution of the cell-death pathways in eukaryotes and 
to unravel the evolutionary relationship between caspases and mitochondria, which play a central role 
in the caspases-dependent apoptotic process. Furthermore we will use genomic-context techniques to 
discover proteins that evolved coordinately with known apoptotic components. Such predictions will be 
tested experimentally. This project is performed in collaboration with the lab of Dr. Cristina Muñoz-Pinedo 
(IDIBELL, Barcelona) We have developed the DeathBase, a database for the structure, function and 
evolution of apoptotic proteins (www.deathbase.org) 

4. Phylogenomics and genome evolution

In the genomic era it has been possible to move from the evolutionary analysis of single protein families 
(phylogenetics) to that of complete genomes and proteomes (phylogenomics). To achieve this transition 
new tools have been developed that allow the large-scale reconstruction of thousands of phylogenetic 
trees in an automatic way. This computerization of the whole process of tree construction often involves 
the use of standard parameters and conditions for all tree families, inevitably resulting in poor or incorrect 
phylogenies in many cases. Moreover, interpreting such type of complex data poses many difficulties 
and does require the development of novel algorithms, tools, forms of representing the data and even 
new semantics and concepts. We combine the development of original algorithms to treat phylogeno-
mic data with its application to gain knowledge on problems of biological relevance (see Figure 1). In 
particular we are interested in developing post-processing methods to interpret sequence alignments 
and phylogenetic trees in a large-scale and to mine such data to find evidence for functional interactions 
between proteins.

Figure 1. 
Example of how our program for the 
comparison of phylogenetic trees (treeKO, 
http://treeko.cgenomics.org) allows con-
trasting different evolutionary hypotheses, 
based on the distribution of distances to 
a large collection of phylogenetic trees (in 
this case all the evolutionary histories of 
Saccharomyces cerevisiae genes). 
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5. Evolution of the eukaryotic cell

Every eukaryotic organism shows a high level of sub-cellular compartmentalization that is significantly 
more intricate than the most complex prokaryotic cell. How such degree of complexity came to be 
is still not fully understood. In this context, endo-symbiotic events with bacterial organisms have 
been proposed to be the source of a number of organelles including mitochondria, chloroplasts 
and peroxisomes. Only recently, it has been possible to contrast these hypotheses with the growing 
availability of completely sequenced genomes and organellar proteomic data. We use large-scale 
evolutionary analyses to investigate the origin and evolution two most widespread organelles for 
which an endosymbiotic origin has been proposed: mitochondria and peroxisomes.
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SUMMARY

Our laboratory is engaged in the study of evolutionary biology in the broader sense, without limiting our 
queries to any specific organisms of mechanisms of action. In principle, there are just three fundamen-
tal mechanisms that together encompass the evolutionary process: the emergence of new variability 
through the mutational process, and the action and genetic drift and selection on this variability. The 
interplay and action of these three factors leads to the diversity all evolutionary phenomena that we 
observe and study. In particular, since selection acts on the level of the phenotype the question of how 
genotypic changes manifest themselves on the phenotype becomes a crucial question from the pers-
pective of how selection shapes the direction and tempo of the evolutionary process.

Most of the work that we completed in the past year has been focused on the question of the relationship 
between genotype and phenotype. We have pursued this question in three different forms: compensa-
tory evolution in proteins and tRNAs, the evolution of gene duplications and the population-specificity 
of human mitochondrial disease mutations.  The first issue involves the study of which genotypes can 
be traversed in the course of evolution. The second issue deals with the expected impact of gene copy 
number on selectable phenotype. The final issue deals with the question of how common are the po-
lymorphisms in the human population that have an adverse effect on health.

RESEARCH PROJECTS

1. Compensatory evolution

Many genetic phenomena are described from a simple perspective of linking one gene, or one mutation, 
to a phenotype. We often hear in the news that a gene for cancer, or some other specific disease, has 
been described. However, this sort of perspective assumes that the function of a particular gene or a 
mutation does not depend on the function of other genes or the impact of other mutations. When we 
say that a mutation causes a particular disease, that is to say a genotypic change leads to a certain 
phenotype, we mean to say that  in an individual with a specific set of genes a particular mutation 
causes a specific disease. However, if we take a different individual with a different set of genes that 
mutation may not have the same effect. The reason why this approach generally works is because 
humans are genetically very similar to each other. Because of this high level of similarity, mutations that 
cause a disease in one individual are also very likely to have the same effect to occur in another person 
with a different genetic makeup. But even in the human population this is not always the case, as we 
know that people with different genetic makeup are susceptible to different diseases. In fact, the entire 
concept of personalized medicine is hinged on the idea that different mutations effect different people 
differently depending on their genetic makeup. After all, if all genetic changes affected everyone in exactly 
the same way there would be no need to personalize medical treatments. 

Our laboratory is interested in understanding the interactions between different mutations and how these 
interactions change the impact a specific mutation has on the phenotype. We tend to study this issue on 
the level of interactions that are observed between different species because, as mentioned previously, 
individuals from the same species are usually too similar to reveal many examples of such interdepen-
dence. On of our studies has been an examination of the interaction of the impact of mutations in the 
stem-structures of mitochondrial tRNAs. We have been able to show that the switch between comple-
mentary pairs (AU or GC) in the stem structures occurs frequently, and when it does occurs though the 
deleterious AC or GU intermediates. In this study, we have been able to show that the impact of the 
mutation in mitochondrial tRNA stem depends to a very large degree on its compensatory interaction.

We also investigated the importance of interaction of different mutations in protein structures. To do 
this we took proteins the ancestry of which could be traced to the common ancestor of all extant life 
forms, and examined the rate of evolution of these proteins. We have been able to show that despite the 
extremely long times of divergence of these proteins, ~3.5 billion years of independent evolution, they 
continue to diverge from the common ancestor. Doing a bit of theory we show that evolution cannot be 
so slow if the phenotypic impact of a mutation is independent from all other sites in the protein. Alterna-
tively, we can come up with an example of the types of interactions that are necessary to lead to extremely 
slow evolution (Figure 1).



    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Annual Report 2010 .103 

2. Gene duplication

Gene duplications occur frequently in evolution and are thought to be the key to functional innovation on 
the molecular level. The usual verbal argument for the mechanism of the emergence of new functions af-
ter a gene duplication is the following. A single gene is present in the genome and performs its function. 
When this gene is duplicated its new copy is completely redundant because the function is already 
performed and, therefore, the second copy is unnecessary in that it does not effect the phenotype. 
Therefore, this second copy is released from the constraints of having to code for the original function 
and can evolve in random directions with some probability actually acquiring a new function. Even within 
this simple model there are many parameters that have important implications for the probability of evolving 
this new function. However, there are alternatively models that deal with how a gene duplication evolved 
and impacts the phenotype, including those that assume that a gene duplication just by occurring actually 
impacts the phenotype. One of these possibilities is that the extra gene copy leads to extra gene product 
being produced and this increase in dosage can have an effect on the phenotype. In the book chapter 
published this year I have laid out the arguments in favor of the dosage as being an important force in 
maintaining gene duplications in the genome. In addition, I have made an attempt at bringing some 
sense of order to the theoretical field of gene duplication by publishing a classification of a wide variety 
of theories on the emergence, maintenance and evolution of gene copies.

3. Pathogenic mutations in the mitochondria

A substantial fraction of variability in the human population contributes to the development of different 
pathologies. Some of these variations are found in the mitochondrial genome. One of the unresolved 
questions on the contribution of existing variability to human disease is whether or not a particular pa-
thology is cause by a small number of common variants or by a large number of different, rare variants. 
If the latter hypothesis is correct, we would expect that people of different genetic backgrounds but 
with the same genetic disease share the same causative pathogenic mutations. Alternatively, if the for-
mer hypothesis is correct, then people with the same pathology but different genetic backgrounds will 
have different causative mutations. We have compared the density of segregating polymorphisms in two 
different human populations, African and outside of Africa population. We then compared the density of 
different types of polymorphisms in these two populations. As has been reported previously, the African 
population is more variable in all kinds of polymorphisms, including those that are predicted to be dele-
terious. This is due to the recent expansion of the human population from Africa, which led to the African 
population retaining more of the variability compared to the out-of-Africa population. The only exception 

Figure 1. 
Two hypothetical maps of genotype to phenotype interactions. Genotypes in green circles correspond to those that produce a viable 
phenotype, those in black circles represent non-viable genotypes. If A or G nucleotides in the second position are deleterious regardless 
of the interaction with the nucleotides in the first position then evolution between AT and GC can proceed via two shortest routes each 
with a length of just two substitutions (see left part of figure). This situation is different if the impact of a mutation in one site depends on 
the nucleotides occupying the other site, such as demonstrated in the example on the right side of the figure. In the figure, for example, 
the impact of nucleotide A in the second position is detrimental if the first position is occupied by T, C or G, but is benign if the nucleotide 
in the first position is A. In such a situation of dependence of mutations on the genetic context in which they occur, evolution between 
GC and AT genotypes can proceed by only one shortest route that consists of four mutations. Therefore, non-trivial interactions between 
mutations must slow down the rate of evolution.
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was the class of polymorphisms that correspond to mutations that have been clinically described to 
cause genetic pathologies, in which the non-African population had more polymorphisms. Because all 
other classes of polymorphisms show the opposite pattern, the larger number of proved disease causing 
mutations in the non-African population is due to the higher rate of discovery of such polymorphisms 
in that population. Thus, what is known to be pathogenic to one population does not exist in another 
population and, therefore, genetic diseases are more likely to be caused by many rare variants, specific 
to each population, than common variants shared among different human populations.
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Figure 2.
For each category of variability the number 
of polymorphism in the non-African divided 
by the number of polymorphisms in the 
African population is shown.
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SUMMARY

We have recently developed a powerful algorithm to predict protein-RNA associations that we are valida-
ting using a series of assays including ribonucleoprotein immunoprecipitation-microarray (Rip-Chip) and 
cross-linking and immunoprecipitation of RNA-protein complexes (CLIP). We have previously worked 
on the prediction of interactomes of amyloid fibrils in the cellular context1 and developed models for 
calculating the interaction potential with molecular chaperones2. Previously, the group leader developed 
a series of powerful bioinformatics models to predict protein toxicity under a variety of environmental 
conditions3,4. These models are updated and improved by members of the group.

RESEARCH PROJECTS 

1. Large-Scale Predictions of RNA-Binding Proteins and Long Non-Coding RNAs

We have recently developed a method to perform proteome-wide predictions of transcriptomic asso-
ciations using physico-chemical properties of molecules. Our algorithm was validated on a large set of 
experimental data including known interactomes of long non-coding RNAs. We performed a detailed 
analysis of the human mitochondrial RNA processing complex and demonstrated that our algorithm 
predicts regions involved in macro-molecular recognition with very high accuracy.

2. Interactions Between Long Noncoding RNAs and Proteins in Cancer

For long time RNA has been considered the “working draft” employed by the cell to transfer information 
from DNA to proteins. Only recently, noncoding RNAs have been linked with a surprisingly wide variety 
of cellular functions, including epigenetic silencing, transcriptional regulation, and RNA processing and 
modification. Large numbers of mouse noncoding RNAs were found expressed during embryonic stem 
cell differentiation, suggesting specific regulatory roles in development.

Long noncoding RNAs (lncRNAs) comprise a large part of the human transcriptome but their functions 
have not yet been studied extensively and their impact on gene regulation is mostly unknown. Next 
Generation Sequencing (NGS) technologies allow for the quantification of the human transcriptome at 
single nucleotide resolution and facilitate detection of lncRNAs at large scale. However the identifica-
tion of thousands of lncRNA raises a multitude of questions, which we would like to address using a 
combination of NGS, bioinformatics analysis and novel laboratory methods. These include the definition 
and classification of lncRNA loci, their tissue and developmental stage specific expression patterns, the 
interaction of lncRNAs with RNA-binding proteins (RBPs) and the functional role in the human proteome 
as well as the role of lncRNA in genetic diseases and cancer.

Figure 1.
Example of interaction contacts 
predicted with our computational 
methods. We illustrate here the case 
of the human Mitochondrial RNA 
Processing complex (MRP). Amino 
acid regions of protein Rpp20 involved 
in physical binding with RNA are 
highlighted in red. Our predictions are 
in complete agreement with experi-
mental evidence.
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We have developed a novel method to perform proteome-wide predictions of transcriptome associa-
tions using physico-chemical properties of molecules. Our algorithm was validated on a large set of 
experimental data including interactions with long non-coding RNAs from six model organisms. We are 
in the process of developing an NGS analysis pipeline to detect and quantify lncRNAs from mRNA-seq 
experiments. We plan to investigate the functional role of expressed lncRNAs in the human proteome 
using a series of coordinated experiments that will be performed in silico, in vitro and in vivo. More 
specifically, our aims are: i) detection, classification and expression quantification of lncRNAs in multiple 
mRNA samples from chronic lymphocytic leukemia (CLL) tumor and normal tissue; ii) identification of 
protein partners for expressed lncRNAs; iii) detection of common RNA structures for protein recognition; 
iv) mapping of RNA-protein interaction networks to pinpoint disease-related targets; v) prediction and 
functional analysis of genetic variation and chromatin states in lncRNA-protein interaction sites from NGS 
data (whole genome, exome, transcriptome and epigenom paired-end sequencing of CLL samples); vi) 
structure-function elucidation of selected ncRNAs-protein complexes.

The role of ncRNAs in vivo and their possible involvement in the alteration of cellular pathways could be 
confirmed making use of a variety of technologies including CLIP and Ribotrap: the former is based on 
UV cross-linking followed by immunoprecipitation, the latter relies on the co-expression of a reporter 
RNA and a recombinant RNA-binding protein of interest to form a complex suitable for affinity capture. 
In particular, a variation of the CLIP approach named PAR-CLIP would be used to determine the binding 
sites and motifs of cellular RBPs with high resolution using NGS. This protocol relies on the incorporation 
of photoreactive ribonucleoside analogs and crosslinked sites are revealed by thymidine to cytidine tran-
sitions in cDNA immunopurified from 4-thiouridine-treated cells1. Collaboration with the group of Dr. Jer-
ney Ule (University of Cambridge) is planned to investigate the dynamic composition of ribonucleoprotein 
complexes in vivo using iCLIP2. This work is being carried out in collaboration with Dr. Stephan Ossowski 
at the CRG (Genomic and Epigenomic Variation in Disease). 

3. Aggregation propensity of Proteomes

We have previously observed a remarkable anti-correlation between expression levels of coding trans-
cripts and aggregation rates of corresponding proteins1. We believe that this relationship is generated by 
an evolutionary pressure acting to reduce the risk of aggregation in highly crowded cellular compartments 
(we called this the “life on the edge” hypothesis)2. Such an evolutionary pressure arises because failure 
of proteins to fold correctly gives rise to cellular malfunctions and diseases. Using the data available from 
genome databases such as Ensembl, we plan to apply a series of prediction tools developed in our la-
boratory, including the Zyggregator method3, to determine aggregation propensities of human proteins. 
More specifically, we plan to investigate if protein isoforms characterized by a high aggregation potential 
have lower expression levels because their toxicity can potentially impair cell viability. By comparing 
mRNA expression levels and protein abundances, we want to investigate if post-translational modifi-
cations are able to play a role in regulating the delicate balance between aggregation and expression4. 

An interesting point can be raised with regards to non-coding transcripts and the hypothesis that most of 
them are untranslated because their corresponding proteins would be highly aggregation prone (Figure 
2). If proven on a large scale, this finding will be relevant because it will allow the identification of a class 
of ncRNAs that lack the ability to generate functional proteins.
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Figure 2.
Exploring the “Life of the Edge” 

hypothesis. 
Coding transcripts confirmed by 

protein mass-spectrometry are 
associated with lower aggregation 
propensities and higher expression 

levels than transcripts whose coding 
ability is unknown (preliminary results).
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4. Proteomes in Dire Straits: The Role of Dosage Sensitivity in Determining Cell Viability

Protein disorder and aggregation are frequent causes of cancer and neurodegenerative diseases. 
Disordered regions are prone to make promiscuous interactions if protein concentration is elevated, 
which leads to severe impairment of cell viability1. High protein concentration also favours the forma-
tion of amyloid aggregates that play a major role in neurodegenerative disorders such as Alzheimer’s 
and Parkinson’s diseases. Given the toxicity of amyloid aggregates in the cellular context, it has been 
suggested that a strong evolutionary pressure should be present in cells to reduce the concentration of 
amyloidogenic proteins2. Disorder and aggregation are tightly connected, especially if we consider that 
the toxicity of amyloid fibrils is highly correlated with the capacity of aggregates to promote aberrant 
interactions with disordered proteins3.

In this project, we aim to investigate a series of relationships between protein concentration, aggregation 
and disorder. We plan to use both computational and experimental techniques to study the impact of 
changes in molecular concentration on protein homeostasis.  Our approach is unique because it is based 
on the hypotheses that aggregation and disorder represent two complementary pressures that shape the 
range of activity of proteomes.

We will particularly focus on concentration changes that alter cell viability by destabilising protein net-
works in which disordered and aggregation-prone proteins are involved. In this regards, we would like 
to test how essential interactions are altered at high concentrations. We speculate that some specific 
biochemical pathways are enriched in proteins that are either poorly soluble compared to the levels at 
which they are expressed or highly prone to form promiscuous interactions, which would make them 
vulnerable targets under stress conditions or ageing. Since the formation of aggregates and aberrant 
interactions represent a considerable energetic drain for the cell, we would like to investigate if diseases 
result from a misfolding cascade that starts from a series of unregulated events and ends with cellular 
dysfunction and death. 

Predictions will be performed using a series of novel algorithms that estimate the interacting potential 
of proteins and their aggregation propensities. To better understand how toxicity arises from aberrant 
interactions with disordered proteins, we will use E. coli and S. cerevisiae as model systems. More 
specifically, we will use quantitative proteomics to determine how the interaction profiles of proteins 
change as their concentration increases, and biophysical techniques to examine their aggregation. We 
are interested in determining the concentrations at which molecules will change their interactome indu-
cing toxic effects. In particular, we will compare proteins that do and do not cause toxicity when they are 
overexpressed. In this way we aim to provide a general understanding of how increases in gene dosage 
cause can cause disease, and how selection acts to prevent detrimental increases in protein concentra-
tion. This work is being carried out in collaboration with Prof. Ben Lenher at the CRG (Genetic Systems).

5. Protein-protein interactions and a-synuclein degradation in Parkinson’s disease

Cells count on surveillance mechanisms that identify non-functional or altered intracellular components 
and eliminate them from inside cells. Alterations of these systems in neurons have been proposed to be 
involved in the pathogenesis of different neurodegenerative disorders1. Aberrant a-synuclein degradation 
is implicated in Parkinson’s disease (PD) pathogenesis because the protein accumulates in the Lewy 
inclusion bodies associated with the disease. Little is known, however, about the pathways by which 
wild type a-synuclein and its pathogenic mutations, A30P and A53T, are normally degraded. Cuervo 
and colleagues found that wild-type a-synuclein was selectively translocated into lysosomes for degra-
dation by the chaperone-mediated autophagy pathway (CMA). CMA targets specific cytosolic proteins 
that are recognized by the heat shock cognate protein of 70 kDa (hsc70) that, after interacting with the 
lysosome- associated membrane protein type 2A (Lamp2a), are translocated into the lysosomal lumen 
for rapid degradation. The binding of the substrates to Lamp2a at the lysosomal membrane is the rate-
limiting step in the degradation process since overexpression of human Lamp2a in cultured cells results 
in increased activity of this pathway2. Although the pathogenic A53T and A30P a-synuclein mutants bind 
to Lamp2a they appear to act as uptake blockers, inhibiting both their own degradation and that of other 
substrates3. Using a computational sequence alignment, based on the compensated pathogenic devia-
tions theory4, throughout evolutionary species it is possible to see a strong correlation between changes 
in the DNA sequence of a-synuclein and Lamp2a. These changes lead to a punctual mutation of a single 
amino acid in the corresponding proteins and their orthologs throughout evolution. Notably, a-synuclein 
and Lamp2a are both developmentally regulated in cortical neuron cultures and in vivo in the central 
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nervous system, and they physically interact as indicated by co-immunoprecipitation5. We hypothesized 
that the a-synuclein and Lamp2a interaction is possibly a case of ancestral compensation, and that alte-
ration of this compensative substitution is a crucial factor that could have led the PD in humans. In order 
to validate our hypothesis and to address this fundamental question we are carrying out experiments of 
co-immunoprecipitation probing both wild type and A53T a-synuclein against the different substitutions 
in Lamp2a sequences. Furthermore we are planning to test the effect of the different interactions in iso-
lated intact lysosomes and, finally, the outcome of these assays will be used to evaluate the pathologic 
accumulation of a-synuclein in neuronal cells.  This work is being carried out in collaboration with other 
groups within the CRG, the laboratories of Evolutionary Genomics headed by Dr. Fyodor Kondrashov 
and the laboratory of Genetic Causes of Disease headed by Prof. Xavier Estivill.
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SUMMARY
 
We are interested in the mechanism of protein secretion and biogenesis of Golgi membranes.
 

RESEARCH PROJECTS

Our main goal is to understand the mechanism of Golgi biogenesis and the biogenesis of cargo filled 
transport carriers during protein secretion. Key projects of the lab are summarized below.  

We performed a genome wide screen in Drosophila tissue culture cells to identify new proteins involved 
in protein secretion. Some of these proteins also had a role in the organization of the Golgi membranes 

and therefore called TANGO for Transport ANd Golgi Organization (Bard et al., Nature 2006). 

 
1. Biogenesis of mega transport carriers
Patrik Erlmann

COPII coated vesicles of 60-90 nm average diameter that mediate cargo export at the ER are too 
small for the trafficking of bulky collagens (collagen VII is a rod like structure of 400 nm that cannot be 
compressed), how is the bulky cargo like collagen VII exported from the ER? We found that TANGO1 
was required for the export of collagen VII but not collagen I from the ER in Hela cells (Saito et al., Cell 
2009). Most other cargoes were exported independent of TANGO1. Is TANGO1 a receptor for collagen 
VII loading at the ER? The mouse knockout of TANGO1 has been generated; the extracellular matrix, 
development of chondrocytes and bone mineralization is defective in these mutants, which leads to 
dwarfism and neonatal lethality (Solloway and colleagues, Genentech, USA. In review). The defect has 
been mapped to a block in collagen export from the ER in chondrocytes, fibroblasts, endothelial cells 
and mural cells. The investigators report a role of TANGO1 in the export of a large number, but not all, 
of collagens.  The specificity of TANGO1 in collagen export at the ER is surprising and awaits further 
analysis. Regardless, TANGO1 is an important component of the protein export machinery and provides 
a means to understand the biogenesis of mega vesicles for the transport of bulky cargoes.  We have 
identified two new binding partners of TANGO1 called TALI (TAngo LIke) and C-TAGE 5 and both are 
required for collagen VII export from the ER in mammalian cells.  Our data suggests that TANGO1 exists 
as a complex with either TALI or c-TAGE5 (Saito et al., in preparation; Erlmann et al., in preparation). 
The cytoplasmic domains of these proteins bind the COPII coat proteins Sec23/Sec24 and the lumenal 
domain of TANGO1 binds collagen. Based on our findings we suggest that binding of the cytoplasmic 
domains of these proteins inhibits or retards the events leading to the biogenesis of COPII carriers. This 
allows the carrier to grow in size to accommodate the bulky collagens (Figure 1).

We are reconstituting the biogenesis of collagen containing COPII coated mega carriers in vitro from 
isolated ER membranes. This assay will be used to reveal the function of TANGO1 and its interacting 
partners in the biogenesis of mega transport carrier. The binding partners of the TANGO1, TALI and c-
TAGE are being identified by yeast two-hybrid and co-immunoprecipitations.  We will test whether the 
cytoplasmic domains of these proteins inhibit or retard the GTPase activity of Sar1p, which could also 
play a significant role in the biogenesis of a collagen containing mega transport carrier at the ER exit site.  
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2. Cargo sorting at the Trans Golgi Network
Julia von Blume, Amy Curwin, Anne-Marie Alleaume

Our genome wide screen also revealed the involvement of an actin severing protein called twinstar (ADF/
cofilin in mammalian cells) in protein secretion. We found that ADF/cofilin were required for the sorting of 
secretory cargo at the TGN (von Blume et al., 2009). But how do the cytoplasmic proteins ADF/cofilin 
interact with the soluble secretory cargo in the lumen of the TGN? Our more recent findings indicate that 
ADF/cofilin bind a Ca2+ pump called SPCA1 in the TGN. This binding is mediated by dynamic actin and 
required for the activity of SPCA1. Ca2+ pumped into the lumen is necessary for the sorting and export 
of Ca2+ binding proteins from the TGN (von Blume et al., 2011, in revision). 

Our aim is to address the following: how does dynamic actin regulate the activity of SPCA1 and what 
other proteins are involved in this process? We will design Ca2+ binding proteins that cannot bind Ca2+ 
to test their trafficking in cells. 

3. Isolation of Golgi to cell surface transport carriers
Yuichi Wakana

There are a number of different exit routes for cargo export from the TGN (Bard and Malhotra, 2006; Malhotra 
and Campelo, 2011). We have found that the serine/threonine kinase PKD is a key regulator for the trafficking 
of cargo that contains the basolateral sorting signals.  PKD binds to the TGN by a DAG and ARF1 depen-
dent process and is subsequently activated by Gßg and PKCh. The activated PKD phosphorylates PI4KIIIß, 
which generates PI4P from PI at the TGN. PKD also phosphorylates (and dissociates) the ceramide trans-
porter CERT and the sterol sensor OSBP from the TGN. These findings suggest that PKD has a role in 
lipid homeostasis at the TGN. Compromising the activity of PKD, by inactivation or siRNA based 
knockdown, results in the accumulation of cargo filled tubules attached to the TGN. PKD therefore 
appears to be required for the events leading to the separation, by fission, of the TGN to cell surface 
transport carriers. Does the PKD dependent lipid homeostasis at the TGN play a role in membrane 
fission? What else is required for the biogenesis of PKD dependent TGN to cell surface transport 
carriers? To address these issues we have established conditions in permeabilized cells to generate, in 
a PKD dependent manner, cargo containing transport carriers that are destined to the cell surface. We 
have used this procedure to isolate a class of carriers that contain a number of proteins (cargo) that are 
secreted by Hela cells. The polypeptide composition of these carriers (collaboration with Dr. Matthias 
Mann, MPI Martinsried, Munich) has revealed a number of new molecules including actin and actin 
binding proteins (Wakana et al., in preparation). These isolated transport carriers and their associated 
proteins provide a means to understand the PKD dependent trafficking from the TGN to the cell surface.

The polypeptides contained in the isolated vesicles described above will be tested for their role in the 
biogenesis and trafficking of respective transport carriers. For this we will test whether knockdown of the 
specific polypeptides affect the trafficking from the TGN to the cell surface in intact Hela cells. The site of 
accumulation of the cargo will reveal whether the respective polypeptides are involved in the biogenesis, 
migration, docking or the fusion of the transport carriers. Identification of their interacting partners will 
increase the repertoire of molecules involved in this step of protein transport and, therefore, give a better 
understanding of the underlying mechanism.

Figure 1.
TANGO1-cTAGE5 dependent loading of 
collagen into COPII carriers.  
TANGO1 binds collagen through its SH3 
like domain in the ER. The cytoplasmic 
coiled-coiled 2 domains of TANGO1 and 
cTAGE5 bind and their individual PRD’s 
bind Sec24 of the COPII coats. The dimeric 
PRD’s prevent the completion of COPII 
biogenesis, which, as a result, grows into 
a mega carrier to accommodate bulky 
collagen. 
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4. Reconstitution of complete vesiculation of Golgi membranes in vitro
Josse van Galen, Felix Campelo

Treatment of intact cells with the drug Ilimaquinone (IQ) converts the entire Golgi complex into small vesicles 
(See references in Malhotra and Campelo, 2011). This process of Golgi vesiculation requires the trimeric 
subunit Gßg and PKD.  But why is PKD required only for the biogenesis of Golgi to cell surface transport 
carriers and not in the formation of other carriers at the Golgi that are destined to the endosomes and the 
ER? Another way to pose this question is how does IQ vesiculate other compartments of the Golgi? To 
address this question, we have reconstituted the en masse vesiculation of isolated Golgi membranes by 
IQ, rat liver cytosol and an ATP regenerating system.  Electron microscopy has revealed the conversion of 
Golgi stacks into small vesicles (collaboration with Dr. Bill Brown, Cornell University, USA). We plan to use 
this assay to understand the mechanism of membrane fission by IQ and PKD, respectively.

We will determine the lipid composition of the isolated Golgi membranes treated with IQ to monitor 
changes in the levels of DAG, PI4P, PA, LPA and the sterols (collaboration with Dr. Felix Wieland of the 
University of Heidelberg, Germany). The change in the organization of the Golgi membranes will be 
confirmed by conventional electron microscopy in collaboration with Dr. Bill Brown. This will provide 
an understanding of the changes in lipid composition during the events leading to the vesiculation (by 
membrane fission) of Golgi membranes. We will test the effect of inhibiting PKD, DAG, PI4P, PA and 
LPA production on the IQ mediated changes in Golgi morphology. We will test the effect of adding 
constitutively activated PKD, in the absence of IQ, to monitor effects on Golgi morphology and lipid 
composition. These findings will allow us to design better experiments to test the role of specific lipids 
during the biogenesis of transport carriers (in a PKD dependent manner) that form at the Golgi and are 
destined to the cells surface. We hope this information will also help reveal an understanding of how IQ 
vesiculates the cis-medial and trans Golgi cisternae by a PKD independent process.

5. Identification of Proteins Involved in Mucin Secretion (PIMS)
Sandra Mitrovic, David Cruz

Airways mucin, the gel forming component of mucus, provides protection against pathogens and other 
forms of environmental abuse and thus essential for the normal physiology of the epithelium. Hyper 
secretion of mucin is a common feature of chronic obstructive pulmonary disease (COPD) and asthma; 
hypertrophy of the submucosal glands and hyperplasia of the surface goblet cells increases mucin pro-
duction, which increases the morbidity and mortality in patients with severe form of the disease. How is 
mucin secreted by the goblet cells? We established an assay to screen 7343 gene products by siRNA 
dependent knockdown, to monitor their requirement in the phorbol ester (PMA) dependent secretion of 
Mucin 5AC from the human goblet cells. This procedure revealed the involvement of 29 proteins in the 
docking and fusion of Mucin 5AC containing granules with the plasma membranes. We are characteri-
zing their specific roles in the process of mucin secretion.

In addition to revealing the role of PIMS and their interacting partners in mucin secretion we will gene-
rate mouse knockouts for three of the genes (PIMS) to understand their physiological role in vivo. We 
expect these knockouts will serve as good model systems to explore the role of mucin secretion in the 
development of COPD. 

6. Unconventional protein secretion.
Juan Duran, Caroline Bruns, Julien Villeneuve

Eukaryotic cells secrete a class of proteins that do not enter the ER.  In general, proteins that are secre-
ted unconventionally are involved in processes such as tissue reorganization, immune surveillance and 
cell survival. While it is not clear how many proteins are secreted unconventionally, a recent report claims 
that of the proteins identified by sequencing extracellular proteins of the parasitic protozoan Leishmania 
(Viannia) braziliensis, only 5% contained a signal sequence whereas the vast majority (57%) lacked a 
signal sequence for entering the conventional secretory pathway (Cuervo et al., 2009). This raises the 
possibility that eukaryotic cells likely secrete a large number of proteins unconventionally. However, their 
identification has been difficult because most [known] proteins secreted unconventionally are small in 
size (10-20 kDa) and lack any obvious domains or features which could be used to identify other such 
proteins by standard proteomic approaches. We found that a signal sequence lacking Acyl CoA binding 
protein (ACBP in dictyostelium and its ortholog Acb1 in Yeast) was secreted without entering the ER-
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Golgi pathway.  Interestingly, autophagy related proteins, protein involved in trafficking to the early en-
dosomes, formation of multivesicular body (MVB), the plasma membrane t-SNARE Sso1 (but not Sso2) 
and the Golgi attached GRASP (Grh1) were required for Acb1 secretion. Based on our findings, we have 
suggested the following steps in Acb1 secretion: Acb1 is packed into an autophagosome like vesicle 
or a secretory autophagosome (step1); Acb1 containing secretory autophagosomes fuse with an early 
endosome (step2); The endosomes mature into a multivesicular body (step3); Either the endosome (from 
step 2) or the MVB (from step 3) fuses with the plasma membrane to release vesicles in the extracellular 
space (step4). The vesicles lyse in the extracellular space and release Acb1 (step5) (Figure 2).

We are developing a simple quantitative assay to monitor Acb1 secretion and screen the entire yeast 
genome to identify new proteins involved in Acb1 secretion. We want to identify membrane bounded 
Acb1 containing intermediates during secretion. This will be performed in collaboration with Dr. Michael 
McCaffrey of Johns Hopkins Medical School, USA. Gene products involved in the formation and con-
sumption of these transport intermediates will be identified and characterized. We will also test whether 
secretion of signal less proteins such as interleukin -2ß, MIF, insulin-degrading enzyme in the mammalian 
cells is mediated by secretory autophagsomes.  The key issues we want to address are: how are the 
signal sequence lacking proteins packed into an autophagosome and how secretory autophagosomes 
avoid fusion with the lysosomes?

Figure 2. 
The Acb1 secretion pathway. 
Cytosolic Acb1 is packaged into 
autophagosomes, which fuse with 
early endosomes. The early endosomes 
containing Acb1 either fuse directly with the 
cells surface, or more likely mature into a 
multivesicular body (MVB). The MVB fuses 
with the cell surface to release exosomes 
containing Acb1. Grh1 is required for the 
secretion of Acb1 and has to be membrane 
associated for its role in this pathway. 
However, the exact site of action for Grh1 in 
unconventional secretion remains unknown. 
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SUMMARY

Research in my lab is directed at understanding the role of the microtubule network in cell organization 
and function. To address this question we study various microtubule-associated proteins (molecular mo-
tors and MAPs) and their regulators (kinases, phosphatases and the small GTPase Ran during M-phase). 
One major goal is to unravel how the self-organization of cellular components results in the morphoge-
nesis of dynamic molecular machines. In 2010, we have focused on the morphogenesis of the bipolar 
spindle in mitosis and meiosis.

Our favourite experimental system is the Xenopus egg extract system for studies on cell cycle progres-
sion and regulation, microtubule dynamics, spindle assembly and chromosome behaviour (Karsenti and 
Vernos, 2001). We combine it with the use of human tissue culture cells in which we validate some of the 
results obtained in egg extract.

RESEARCH PROJECTS

Cell division is characterized by the dramatic reorganization of the microtubule network into a spindle 
shaped apparatus that segregates the chromosomes into the two daughter cells. Spindle assembly and 
function rely on complex protein interaction networks that are finely regulated in time and in space. In 
addition to phosphorylation-dephosphorylation reactions, recent work has shown that the small GTPase 
Ran in its GTP bound form plays an important role in the spatial regulation of spindle assembly (Gruss 
and Vernos, 2004). To understand the molecular mechanism underlying cell division we study the pro-
cess of microtubule nucleation and stabilization during M-phase and the role of molecular motors in 
bipolar spindle assembly and chromosome movements.

1. The centrosome: a cellular regulatory hub 

The centrosome is the major site for microtubule nucleation in animal cells and its activity is finely re-
gulated during the cell cycle. In late G2 and prophase, the pericentriolar material expands by recruiting 
additional components, such as the γ-tubulin-ring complex and as a result the MT nucleation activity 
of the centrosome increases. Several kinases from different families are recruited to the centrosome in 
G2/M phase and become specifically activated as the cell enters mitosis. We want to understand how 
these kinases participate in centrosome maturation and activity, promoting microtubule nucleation and 
stabilization during cell division.

The centrosomal Aurora A kinase has been implicated in several important processes including cen-
trosome maturation during G2, mitotic entry, centrosome separation and bipolar spindle assembly. We 
have previously shown that Aurora A interacts with TPX2 in a RanGTP dependent manner after nuclear 
envelope breakdown resulting in kinase activation. Using the Xenopus egg extract system we found 
last year that Aurora A works though different mechanisms to regulate MT assembly during mitosis, 
ensuring bipolar spindle formation (Sardon et al, 2008). At the centrosome active Aurora A is required 
for efficient MT nucleation. In addition, it promotes MT growth by recruiting TACC3 that works in concert 
with XMAP215 to oppose the destabilizing activity of XKCM1 (Peset I. et al, 2005). To obtain a useful 
tool to further investigate the function of Aurora A during the cell cycle we have collaborated with the 
group of Prof Giannis (Leipzig, Germany) to look for a specific inhibitor for this kinase. We have found 
one compound that shows specificity for Aurora A inhibition in cells suggesting that it could be useful for 
basic and applied research (Sardon et al, 2009). 
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This year, in collaboration with the group of P. Aloy (IRB, Barcelona) we have used a biocomputing 
approach together with experimental validation to predict a set of putative substrates for the centrosomal 
kinase Aurora A (Sardon et al, 2010).

2. The RanGTP pathway for MT nucleation and stabilization in M-phase

After nuclear envelope breakdown, a centrosome independent pathway relying on a RanGTP gradient 
triggers MT nucleation and promotes MT stabilization in the vicinity of the condensed chromatin. We 
want to understand the molecular mechanism that triggers MT nucleation in this acentrosomal pathway.

We have previously identified TPX2 as being essential for this pathway and for spindle assembly both in 
mitosis and meiosis (Gruss and Vernos, 2004; Gruss et al., 2002; Wittmann et al., 2000). Interestingly, 
TPX2 is highly conserved in plants that relie exclusively on an acentrosomal pathway for spindle as-
sembly as they do not contain centrosomes like animal cells. Last year in collaboration with two groups 
working in plants we have shown that TPX2 has conserved functions in animals and plants (Vos et al, 
2008; Evrard et al, 2009). We are continuing our efforts to unravel the molecular mechanism underlying 
the RanGTP dependent pathway for MT assembly in M-phase, focusing on TPX2 and its interaction 
partners.  

3. Role of molecular motors in spindle assembly and chromosome movements

Spindle bipolarity is essential for correct chromosome segregation but the mechanism underlying its 
establishment is still not completely understood. Furthermore very little is known about how metaphase 
spindles maintain a stable bipolar configuration before anaphase. Although it has been established that a 
balance of forces, generated by plus and minus-end directed motors, mostly Eg5 and dynein, is required 
for bipolar spindle assembly, whether these forces still play a role in metaphase is unknown. 

Last year we have characterized another motor, Hklp2, the human homologue of Xklp2 (Boleti et al, 
1996; Wittmann et al, 1998) and found that this motor plays a role in bipolar spindle assembly and 
stability. 

Although Eg5 has a predominant and essential role in bipolar spindle establishment, Eg5 inhibition does 
not compromise the stability of the bipolar spindle at metaphase. We found that Hklp2 becomes es-
sential under these conditions for spindle stability. Hklp2 localizes to the spindle microtubules and the 
chromosomes in metaphase. This steady state distribution is essential for Hklp2 role in promoting the 
switch from the monopolar to the bipolar configuration and in stabilizing spindle bipolarity in metaphase. 
Our data provide an additional understanding of the mechanism driving the initial establishment and sub-
sequent maintenance of the bipolar spindle at metaphase, and reveals the existence of a novel specific 
mechanism that stabilizes bipolar spindles and may be essential to prevent mitotic defects (Vanneste et 
al, 2009). 

Figure 1. 
Immunofluorescence analysis of HeLa cells 
shows the specific localization of the kinase 
Aurora A to the centrosome and the spindle 
poles during mitosis. MTs are labelled in 
red, DNA in blue and Aurora A in green. 

  Interphase            Prophase                                 Metaphase     Anaphase       Telophase
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Figure 2. 
Confocal images of mitotic HeLa cells. At 

metaphase, the bipolar spindle has assem-
bled around the condensed chromosomes 

positioned at an equatorial position ready to 
be segregated by this molecular machine 

(left). When some motors like Eg5 and 
Hklp2 do not function properly the bipolar 

spindle is unstable and collapse into a mo-
nopolar configuration with the subsequent 

failure of cell division (right). MTs are shown 
in green, chromosomes in blue.
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SUMMARY

Research in my laboratory focuses on understanding the fundamental principles that govern the deve-
lopment of tissues and organs in vertebrates. We attempt to define the cellular and molecular bases of 
the acquisition and maintenance of tissue architecture and neurral circuits, and their relationship to the 
function of sensory organs. 

RESEARCH PROJECTS

1. Cellular responses to polarity signals, in particular planar cell polarity

We use the mechanosensory lateral line of the zebrafish (Danio rerio) as a model system to study cell-fate 
specification, and the formation and remodelling of epithelial architecture during organ development and 
regeneration. For our studies, we employ cellular, genetic and molecular approaches and state-of-the-art 
optical imaging techniques, and are also developing methods to analyse in vivo the reinnervation of sen-
sory cells during regeneration. In the long term, our studies should provide insight into how sensory organs 
develop and regenerate, and how their cellular organisation and function are maintained throughout life.

The coordinated orientation of polarised cells within the plane of an epithelium is termed planar cell polarity. 
The orientation of hair cells within the neuroepithelium of the inner ear represents a striking example of planar 
cell polarity in vertebrates. Directional deflections of apical mechanosensitive organelles (stereocilia), 
respectively open or close transduction channels to depolarise or hyperpolarise the hair cell’s plasma 
membrane. The axis of morphological polarity of the stereocilia therefore corresponds to the direction 
of excitability of the hair cell, and bestows the organ with maximal sensitivity to mechanical stimuli. The 
senses of hearing and equilibrium thus rely on the exquisite precision with which hair cells are oriented 
across the sensory epithelium. In spite of its importance, we only have a very superficial knowledge of 
the mechanisms that control the planar polarisation of hair cells.

Some aquatic vertebrates sense directional water movements with the lateral-line system, a sensory 
organ closely related to the inner ear. This system comprises a stereotyped array of sensory clusters 
called neuromasts, each with a very simple organisation. A neuromast contains two types of peripheral 
supporting cells and a few centrally located hair cells innervated by afferent and efferent axons (Figure 2 
left). Hair cells in neuromasts are polarised within the plane of the epithelium in a way comparable to that 
of the inner ear (Figure 2 right). The lateral-line organ of the zebrafish is thus ideally suited to investigate 
the mechanisms that control hair-cell planar polarisation.

Figure 1.
Low magnification view of a living zebrafish larva whose hair cells in the lateral line were labelled with the fluorescent vital dye DiAsp (bright 
orange). It shows the superficial and systematic distribution of neuromasts along the anterior (head) and posterior (trunk and tail) lateral-line 
systems. B: Higher magnification of head neuromasts revealing the transynaptic transport of DiAsp from hair cells to afferent nerves (white 
arrowhead). C: The highest magnification of a neuromast labeled with DiAsp shows a core of hair cells and their apical-projecting hair bundles. 
D: Scheme of a neuromast with its constituent cells. Neurons are not depicted. E: The orientation (planar polarity) of hair cells is evident in 
this neuromast whose actin-rich hair bundles were stained with phalloidin. The kinocilium (not stained) appears as a black hole giving the hair 
bundle its horseshoe appearance. F: Axonal arbor of two afferent neurons branching off the lateralis nerve below a neuromast.
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We have now identified a series of mutations that disrupt the establishment and maintenance of planar 
cell polarity in neuromasts. The combination of these strains with several of our multicolour transgenic 
animals will permit us to generate three- and four-dimensional images of living wild type and mutant 
specimens with great precision, and to track protein localisation patterns within seconds, or cellular 
behaviours over days. The combination of the genetic approaches afforded by the zebrafish with live 
imaging shall allow us to understand sensory-organ development, regeneration, and function in whole 
animals and at the single-cell level.

2. Sensory organ innervation

Historically, planar cell polarity has been studied in invertebrates on tissues that undergo polarisation 
during a very brief period, to eventually become fixed with negligible or non-existent plasticity, including 
lack of cellular proliferation, tissue remodelling or cell migration. Such tissues, consequently, will not 
undergo repair or regeneration after cell death or mechanical damage. Genetic and molecular studies in 
Drosophila have shown that the establishment of planar polarity relies on the concerted activity of many 
proteins. The cellular responses to polarity cues, especially in remodelling tissues, are not understood. 
We are defining the cellular and molecular bases underlying the acquisition and maintenance of planar 
cell polarity, epithelial architecture and innervation in a vertebrate, and its relationship to organ function. 

3. Sensory-organ growth and regeneration, with an emphasis on epithelial remodelling

Sensory perception is a complex process that allows organisms to sample the environment and to react 
appropriately. Sensory dysfunction can thus be a major handicap that dramatically decreases the quality 
of life of the affected individual. All sensory modalities are liable to deteriorate during one’s lifetime. Hea-
ring deficits, for example, afflict more than 10% of the population in industrialized countries, including 
0.1% of newborn children and 50% of those aged 80 years or over. Some sensory organs have an 
impressive capacity to recover after environmental insult, while others can lose function permanently. 
The inner ear is among the later: hearing loss owing to the degeneration or denervation of the mechano-
sensory hair cells is irreversible.

Although the search for a hair-cell progenitor resident in sensory epithelia has been pursued for over 
twenty years, to date there are no reports demonstrating the identification, or even the existence of such 
cell type. Our recent work has identified a hair-cell progenitor in neuromasts, which allows us the analysis 
of hair-cell development from its very outset. It also suggests the existence of a stem-cell population, and 
pinpoints its location within the neuromast. Within the context of this research, we are also attempting 
to devise methods to follow every cells and complex tissue movements to reconstruct a digital organ in 
vivo (Figure 2).

Figure 2: 
High magnification view of wild type and eya1/dog eared zebrafish larvae whose hair cells in the lateral line were labelled with PV3a (red). 
Fish are transgenics for ET10, which expresses the GFP in supporting cells (green). Blue is DAPI staining. It shows that hair cells degenerate 
in eya1/dog eared. B: Low magnification of zebrafish of the ET10 line expressing Eya1DN. It phenocopies the eya1/dog eared mutation.
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4. Tissue mechanics

We have recenlty begun to investigate the physical forces that shape and maintain the achitecture of 
epithelia in the zebrafish. We plan to use genetic, microscopic, and biophysical approaches to adreess 
this biological problem. We are also developing mathematical tools to analyse the quantitative data 
generated through the above-mentioned approaches, in the hope to model organ formation in silico.

These studies shall provide insight into how organs develop and function throughout life, and also how they 
regenerate and re-innervate to recover function after damage. This not only represents a very interesting 
biological problem, but also is relevant to the successful application of therapies aimed to restore sensory 
function in humans, for aberrant repair would prevent the organ from performing properly.
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SUMMARY

Living cells have a fascinating ability to generate complex and dynamic internal structures. Nowhere is 
this property more evident than during mitosis and cytokinesis: in a very short time (often of the order of 
a few minutes) cells alter their shape, duplicate and partition their internal components, and divide into 
two apparently identical halves. These dramatic morphological changes need to be carefully coordinated 
with each other in space and time. To learn more about the principles underlying this coordination, we 
focus on the events at the end of the cell cycle: chromosome segregation and cytokinesis, in the yeast 
Saccharomyces cerevisiae. Regulatory systems identified in yeast are then validated in animal cells (such 
as Drosophila), to ensure that our key findings are relevant for the fidelity of mitosis and genetic stability 
in multicellular organisms.

RESEARCH PROJECTS

1. Mechanisms of chromosome segregation sensing by the NoCut checkpoint

Cell division is completed through partition of the cytoplasm by ingression of the cleavage furrow, and the 
subsequent cleavage of the cell membrane into two during abscission. At the same time, the replicated 
chromosomes are segregated to opposite ends of the cell. Whereas cleavage furrow ingression usually 
proceeds concomitantly with poleward movement of the chromosomes, abscission must take place 
exclusively after the last pair of sister chromatids have been pulled out of the cleavage plane. In budding 
yeast and human cells, a checkpoint known as NoCut delays completion of cytokinesis when chromo-
some segregation is impaired. Inactivation of NoCut leads to premature abscission, and late-segregating 
chromosomes are trapped and cut by the cytokinesis machinery.

The Chromosome Passenger Complex (CPC) component Aurora B kinase (Ipl1 in yeast) plays a central 
role in the NoCut checkpoint (Fig. 1). The CPC localizes to the spindle midzone during anaphase, and it is 
activated by the presence of acetylated chromatin around the midzone. Ipl1 activity mediates the trans-
location of two anillin-related proteins, called Boi1 and Boi2, to the site of cytokinesis during anaphase, 
where they inhibit cytokinesis until chromosomes are cleared from the cleavage plane.

NoCut relies on a complex network of factors to monitor chromatin segregation away from the 
spindle midzone. We are systematically characterizing the NoCut mechanism, taking advantage of genetic 
screens to identify new checkpoint components. A genome-wide screen for non-essential NoCut genes 
has identified about 50 NoCut candidate genes. We predict that analysis of the identified mutants will 
identify factors that act upstream of the CPC, enabling its activation by chromatin (sensors); downstream 
of Boi1 and Boi2, inhibiting the abscission machinery at the site of cytokinesis (effectors); and mediating 
the communication between the CPC and Boi1/2, by shuttling between the nucleus and the cytoplasm 
or affecting the shuttling of other NoCut components (transducers). For secondary screens on the initial 
set of candidates, we have developed robust assays for imaging of mitosis and cytokinesis using live cell 
microscopy with a variety of fluorescent reporters. These include tools to visualize the plasma membrane, 
monitoring cell cycle progression, and to image chromosome condensation and segregation in living cells. 
We are now focusing our main efforts on the analysis of two protein complexes, one a histone acetylase 
and the second an mRNA deadenylase, in the regulation of cytokinetic abscission. 
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2. Coordination of chromosome length with spindle elongation

We are also interested in additional mechanisms ensuring robust chromosome segregation. The function 
of the mitotic spindle is to separate sister chromatids away from each other. When the length of the 
anaphase spindle reaches twice the length of the longest chromosome arm, chromosome segregation 
is complete.  Are there mechanisms that allow the cell to adjust the size of the anaphase spindle and/or 
anaphase dynamics, to the length of chromosome arms? We are addressing this question through ma-
nipulation of chromosome arm length in yeast cells, and analysis of mitotic and cytokinetic events by live 
cell microscopy in normal and mutant strains. Using this strategy, we have discovered a novel feedback 
system, which coordinates axial chromosome compaction with anaphase spindle length. We are cha-
racterizing this and other anaphase controls through a multidisciplinary approach, which combines live 
cell imaging, classical molecular and genetic techniques and state-of-the-art genomics and proteomics. 

3. Chromosome Compaction and Segregation in Drosophila cells

Unlike in yeast, cell size and spindle length varies considerably within multicellular organisms. As asym-
metric divisions produce cells of different fates and sizes, coordination between chromosome compac-
tion and spindle length becomes particularly important. To understand the molecular basis of this coor-
dination and its relevance in maintaining genomic stability, we have started to use the fruit fly Drosophila 
as a model system.

1. Anaphase

Sli15

MTs

chromatin

CPCIpl1
?Ac Ac AcAc

Ipl1
Sli15

chromatin

CPCAc Ac AcAc

2. Telophase

Ipl1 active

Boi1, Boi2  Boi1, Boi2
 in nucleus  at bud neck

   
       Abscission

Ipl1 inactive

Boi1, Boi2  Boi1, Boi2
 in nucleus  at bud neck

   
       Abscission

Fig. 1. Model of the NoCut checkpoint. (A) In early anaphase, chromosomes (depicted in purple) are in contact with the CPC, which binds to 
spindle midzone microtubules (in orange). Inset: the CPC subunits Ipl1 and Sli15 are depicted in red and blue, respectively. Midzone-bound Ipl1 is 
kept active, probably through interaction with chromatin-associated factors (in green), which require histone acetylation (orange circles) to activate 
the CPC. As a result, Boi1 and Boi2 localize to the bud cortex, where they inhibit abscission. (B) When chromosomes are segregated away from 
the midzone, the CPC is no longer activated by chromatin and the NoCut signal is turned off; Boi1 and Boi2 leave the bud neck, and abscission 
(represented by red triangles) ensues.

Fig. 2. 
Anaphase in a Drosophila S2 cell. Histones 
are labeled in red (H2B-GFP) and microtu-
bules in green (Tubulin-mCherry). Frames 
were acquired every minute. Images by Evi 
Kiermaier.
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SUMMARY

A developing organism undergoes dramatic tissue reshaping and rearrangements. These tissue movements 
require the precise coordination in space and time of hundreds of cells. This coordination is achieved by the 
strong interplay between expression of regulatory genes and mechanical forces exerted by the cells. Our goal 
is to reveal the mechanisms driving tissue rearrangements during morphogenesis. 

RESEARCH PROJECTS

1. Mechanisms driving tissue constriction and fusion during Drosophila develop-
ment at the cellular scale

We are focusing on tissue constriction, a major morphogenetic process occurring several times during 
the development of an organism. This consists in the apical constriction of an acto-myosin meshwork. 
During Drosophila embryogenesis, tissue constriction leads to the fusion and sealing of the embryo’s epi-
dermis in a process called dorsal closure (DC). Intriguingly, dorsal closure presents many similarities with 
wound healing processes in humans. My group is interested in revealing the mechanisms driving DC. 

DC consists in the closing of a gap in the epidermis on the dorsal side of the embryo (Fig 1 A). The pro-
cess takes place after the germ band retraction. It starts with the combined contraction of a monolayer 
of cells covering the gap, the amnioserosa tissue, with the reinforcement of an actin cable surrounding 
the contracting tissue. Eventually, at the end of DC, once the two epidermal layers are close enough, they 
will fuse with a zippering occurring at the two canthis of the opening. The interplay between these three 
forces, amnioserosa constriction, actin cable reinforcement and filopodia zippering, and their regulation 
are still poorly understood.

Recently, we found that the progression of the epidermis toward the dorsal part of the embryo is due to 
complex pulsed contractions of the amnioserosa cells coupled with the reinforcement of the actin cable, 
stabilizing the whole structure in a ratchet-like manner (Fig 1 B).

We want to investigate the molecular regulation of the amnioserosa contractions, what are the mecha-
nisms triggering and regulating the amnioserosa cells, and what molecular mechanisms translate these 
contractions into tissue movement?

Fig. 1.
(A) Armadillo-GFP highlighting cell 
membranes during Drosophila dorsal 
closure. The epidermal tissues converge 
from the lateral part (top and bottom of the 
picture) to the dorsal part (in the center of 
the picture) of the embryo. The dorsal part 
is covered with amnioserosa cells, which 
provide the initial force for tissue movement. 

B) Typical apical surface area pulsations 
of an AS cell in a GFP-Arm expressing 
embryo. The upper panel shows raw data, 
the lower panel shows the superimposed 
segmented image. (extracted from Solon 
et al, 2009).
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2. Spatial and temporal coordination of the cellular contractions in the amnioserosa tissue

We are also interested in establishing the connection between the intracellular contractions and the tissue 
organization and constriction. The amnioserosa tissue is composed of about hundred cells; each of them 
contracts individually. How does this sum of individual contractions generate a global constriction of the 
tissue and how does the global shape and tension of the tissue influence the individual cell contractions? 
We are addressing these questions by combining different imaging techniques available at the ALMU 
(spinning disk, confocal and two-photon microscopy) with automated image analysis and physical mo-
deling.
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SUMMARY

In most eukaryotic cells, roughly a third of the genes encode for secreted and cell surface proteins. The 
biogenesis of this class of proteins occurs in the endoplasmic reticulum (ER) and demands a considera-
ble amount of cellular resources. In the ER lumen, a myriad of chaperones and enzymes assist protein 
folding and assembly of multisubunit protein complexes. The ER is also involved in the synthesis of most 
of the lipids in cells.  Perturbations in any of these processes often result in ER stress, a hallmark of many 
diseases including diabetes, obesity and cancer.  

RESEARCH PROJECTS

Our long-term goal is to understand the mechanisms underlying ER homeostasis with emphasis on the 
following topics:

1. Molecular mechanisms of ER- associated protein degradation (ERAD)

Despite the dedicated activity of the folding factors in the ER, large numbers of misfolded proteins 
are produced. ER quality control mechanisms ensure that only the folded proteins follow the secretory 
pathway. Thus, a central aspect of the quality control is the elimination of misfolded proteins from the 
membrane and lumen of the ER. This occurs mostly by a process called ER-associated protein degra-
dation (or ERAD).

The ERAD pathway involves several different steps. The process begins with the recognition of a subs-
trate as being misfolded. Once selected, the substrate is transported across the ER membrane (or 
retrotranslocated). On the cytoplasmic side of the membrane, the substrate is ubiquitinated by specific, 
membrane-bound ubiquitin ligases and released into the cytosol for degradation by the proteasome. 

Although most ERAD substrates follow this general scheme, different substrates require distinct com-
ponents suggesting the existence of multiple routes in ERAD. These alternative routes have been best 
characterized in S. cerevisiae. In this organism, two ubiquitin ligases complexes, the Hrd1 complex and 
the Doa10 complex, are required for the degradation of different types of misfolded proteins depending 
on the location of the misfolded domain: proteins with a misfolded domain in the lumen (ERAD-L subs-
trates) or membrane (ERAD-M substrates) of the ER are targeted to the Hrd1 complex, proteins with a 
misfolded domain on the cytoplasmic side of the ER membrane (ERAD-C substrates) are targeted to the 
Doa10 complex. 

More recently, we have focused on a specific aspect of Hrd1-dependent degradation:  How misfolded 
luminal proteins (ERAD-L) are moved through the ER membrane into the cytosol? It has been postulated 
that the misfolded proteins are moved through a protein conducting channel however the identity of that 
channel has remained elusive. We have now found that the ubiquitin-ligase Hrd1p itself is the main mem-
brane component in the retrotranslocation of misfolded ER luminal substrates. Our findings also provided 
the first mechanistic insight into the early stages of ERAD-L. 

Despite this progress, the molecular mechanisms of ERAD are still largely unknown. Key unresolved is-
sues under investigation in our lab include the determinants for substrate selectivity and the mechanism 
for translocation of misfolded proteins across the ER membrane.
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2. Lipid droplets biogenesis and dynamics

Cytoplasmic lipid droplets are depots of neutral lipids (triglycerides, cholesterol esters) enclosed in a 
monolayer of phospholipids and associated proteins. These organelles appear to be extremely dynamic 
however they maintain a very intimate relation with the ER. In fact, the prevailing model for lipid droplet 
biogenesis involves the budding of the nascent lipid droplet from the ER. Lipid droplets are present in 
most eukaryotic cells where they may serve as reservoirs to store cellular energy and as building blocks 
for membrane lipids. Excessive lipid accumulation in cells is also the hallmark of obesity and atheroscle-
rosis, but remarkably little is known about lipid-droplet cell biology. 

Among the questions we are trying to address are the mechanisms involved in lipid droplet formation and 
how proteins are targeted to these organelles. 
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The EMBL/CRG Systems Biology Research Unit encompasses a range of systems biology topics 
to provide a rich, stimulating environment. During 2010, we underwent a programme review 
by an international committee whose excellent outcome put us amongst Europe’s top Systems 
Biology programmes. The individual groups in the Programme work on very different systems, 
yet they approach these systems with a common style of investigation. The panel was especially 
impressed by the tight integration between experimental and modeling work in all groups, and by 
the fact that all groups generate the data they need themselves, and are fearless in embracing 
and developing new technologies to do so. In the sometimes hard to balance the equilibrium 
between so-called dry and wet biology, this Programme seems to excel at modeling to address 
fundamental biological questions, rather than searching for problems to which favorite modeling 
approaches can be applied, which is still so often the case in many Systems Biology laboratories.
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SUMMARY

Our group is interested in the rational engineering of living systems (ranging from gene networks to or-
ganisms). For this purpose we use a combination of tools that involve software for protein design and 
simulations of networks and experimental approaches. Our approach is based on first understanding a 
system and then engineering it to obtain the properties we want.  Our philosophy is also whenever possible 
identifying the possible practical applications for human health and biotechnology of our work.

RESEARCH PROJECTS

1. Quantitative understanding of M. pneumoniae

The idea of harnessing living organisms for treating human diseases is not new and has been in fiction 
books since a long time ago. So far the majority of the living vectors used in human therapy are viruses, 
which have the disadvantage of the limited number of genes and networks that can contain. Bacteria have 
the advantage of allowing the cloning of complex networks and the possibility of making a large plethora of 
compounds either naturally or through careful re-design. One of the main limitations for the use of bacteria 
to treat human diseases is their complexity, the existence of a cell wall that difficult the communication with 
the target cells, the lack of control over its growth and the immune response that will elicit on its target. 
Ideally one would like to have a very small bacterium (of the size of a mitochondria), with no cell wall, which 
could be grown in vitro, could be genetically manipulated, for which we will have enough data to allow a 
complete understanding of its behavior and which could live as a human cell parasite. Such a microorga-
nism could in principle be used as a living vector in which genes of interests, or networks producing organic 
molecules of medical relevance, could be introduced under in vitro conditions and then inoculated either 
on extracted human cells or in the organism, and then become a new organelle in the host. Once the living 
vector enters inside the host cells it could then produce and secrete into the host proteins which will be 
needed to correct a genetic disease, or drugs needed by the patient. Putting it into engineering terms, the 
living vector will be alike a processor which will have a complicated set of instructions and circuits but will 
only communicate with the host through input and output outlets. Thus the processor could be repro-
grammed but the interface with the hosting cell will remain the same. For some particular applications 
it will not be needed to integrate the bacteria as an organelle, but rather have it inside the cell for a 
limited amount of time to achieve its goal and then eliminate it by antibiotic treatment for example.

In order to achieve the above goals we need to understand in excruciating detail the Biology of the target 
bacterium as well as how to interface with the host cell cycle (Systems biology aspect). Then we need to 
have the engineering tools (network design, protein design, simulations …) in order to modify the target 
bacterium to behave like an organelle once inside the cell (Synthetic biology aspect). Thus this project has 
two objectives:

a) Obtain a complete quantitative understanding of a free-living organism (a bacterium in this case).

b) Engineer the bacterium to enter into a mammalian cell line, adapt to the host so as to keep a fixed 
number of bacteria per host, respond to the host environment and secrete into the host proteins or organic 
molecules that will provide missing functionalities. 

2. Signal Transduction and Disease

Cancer therapy

The efficacy of current treatments for some types of solid tumours is disappointingly poor. Thus, new thera-
pies using novel tumour-selective anti-cancer agents are necessary. A major aim of anti-tumour therapies is 
to inhibit proliferation and induce death of tumour cells without affecting normal cells. In this regard, mem-
bers of TNF ligand/receptor family are of interest since they regulate both apoptosis and cell proliferation. 
One TNF family member, TRAIL, is of particular interest since it selectively induces death of tumour cells 
without affecting normal cells. Currently, TRAIL and TRAIL-specific antibodies are being investigated as 
anti-cancer agents. However, one drawback to their efficacy is that they bind to multiple receptors, not all 
of which transduce an apoptotic signal. Previously, we developed DR5 receptor-selective TRAIL variants, 
which are potent inducers of apoptosis in various tumour cells, are more efficacious than native TRAIL, and 
display synergistic effect in combination with other chemotherapy treatments or radiotherapy.
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Structural Systems Biology (Understanding Signal Transduction)

Understanding signal transduction pathways is capital for human health. Current efforts to do so involve 
knock out experiments and the use of small molecules or antibodies to interfere with selected protein-
protein interactions along the pathway. However, signal transduction pathways in higher eukaryotes are 
characterized by the existence of multiple interactions for any of its particular components. Therefore, it 
is difficult to elucidate when knocking out a protein or blocking an activity with a drug what is the relation-
ship between phenotype and the interaction affected. Moreover, there is ample evidence that the majority 
of the drugs in the market are not as specific as thought and they block more than one activity. Here we 
want to use a different tool that could allow the specific selection and activation, or inhibition, of specific 
routes in a pathway and also provide much higher specificity than small molecules. This tool is rational 
protein design. Structures of macromolecules and especially of molecular machines in combination 
with protein design could provide quantitative parameters, help to elucidate functional networks, or 
allow rational designed perturbation experiments for reverse engineering. Computer aided protein 
design has shown to be able to modify in a rational way protein-protein interactions, tuning specificity, 
affinity and interestingly kinetics of binding. Protein design can also be used to predict using structural 
information the partners of a particular domain, or protein. 

As a scientific target we have selected the MAPK pathway and our final goal is to obtain a global quan-
titative understanding with the idea of designing better therapies for diseases involving its deregulation. 
To understand that pathway in a quantitative predictive way we are building the interaction network at 
structural level (Fig 1), determining the concentrations of all proteins in different cell lines and applying 
different perturbations.  
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Fig. 1. 
Snapshot of part of the EGF-MAPK 
pathway illustrating the decomposition of 
the interaction network into competing and 
non-competing interactions
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SUMMARY

The Sharpe lab has 2 primary goals:

(1) To further our understanding of organogenesis as a complex system, by bringing together a diverse 
range of techniques from biology, physics, imaging and computer science. The larger part of the lab focu-
ses on a well-characterised standard model of development – the vertebrate limb (using both mouse and 
chick). For this project we constructing a collection of computer simulations, which are based on high-
quality quantitative empirical data generated by our own new 3D and 4D imaging technologies. A smaller 
but equally important project within this topic is a more abstract exploration of the patterning potential of 
gene network motifs.

(2) Building on the success of the 3D imaging technique developed within the lab called Optical Projection 
Tomography (OPT – Science 296:541, 2002), the other major goal of the lab is to continue developing and 
improving 3D and 4D imaging technology. Recent success in this direction includes the development of 
time-lapse OPT imaging of mouse limb development in vitro (Nature Methods 5:609-12, 2008).

RESEARCH PROJECTS
 
1. Development of novel 3D and 4D optical imaging technologies

In addition to OPT, which remains a central technology for the 
lab, we have also now designed and constructed a SPIM appa-
ratus (selective plane illumination microscope), for which Dr. Jim 
Swoger was one of the original co-inventors (Huiskin et al, 2004 
Science 305:1007). We are currently exploring a wide range of 
imaging applications for this technology, including samples from 
mouse, chick, zebrafish and Drosophila), and this year published 
live time-lapse imaging results on Zebrafish, in collaboration with 
the Lopez-Scheir group (Swoger et al, J. Biophotonics 2010). 
The exploration of possible applications is also being extended 
by collaborating with a variety of researchers across Europe. 
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2. OPT imaging for quantitative assessment of mouse models of diabetes

We have explored many new applications for OPT, and one of the most exciting has been the ability to 
quantify the number of Islets of Langerhans in an intact adult mouse pancreas in a single scan. Until now 
this has been performed using the time-consuming approach of traditional histology (cutting hundreds 
of thin paraffin sections for each pancreas). By contrast, we have demonstrated that the speed of OPT 
makes it feasible to compare many pancreata in a single study, Nature Methods (2007), Diabetes (2010). 
We are also partners in a 7FP EU integrated project entitled VIBRANT, with the goal of further improving 
the resolution of OPT and SPIM. In particular, we aim to use 3D optical imaging as a verification technique 
for new non-optical in vivo imaging techniques (such as MRI) being developed within the consortium, to 
estimate total beta-cell mass within living animals, and ultimately human patients.

3. 4D Time-lapse imaging of limb bud development  

Optical projection tomography has proven to be a powerful tool for developmental biologists. But until re-
cently OPT has been performed almost exclusively on fixed specimens which have been optically cleared 
to increase the quality of 3D images obtained. Recently we have explored various improvements to allow 
the 4D imaging of the developing mouse limb bud in culture (Nature Methods, 2008; Organogenesis, 
2009), and this technique now provides us with data on tissue movements and dynamic gene expression 
patterns. During 2010 we have also used in-ovo time-lapse imaging of chick limb buds to observe this 
process at the cellular leve (Boehm et al. PLoS Biology, 2010). 

4. Computer model of limb mechanics 

It has become clear from early modelling results that explaining phenomena as apparently simple as the 
dorso-ventral flattening of the limb bud, may be more complicated than previously thought. We have crea-
ted a finite-element model (FEM) of limb development within which we are exploring different hypotheses. 
An essential aspect of this project is that we also perform lab-work to generate our own empirical data for 
the simulation – the model therefore serves as a framework for combining different types of information. 
While various types of biological material have previously been mechanically modelled over a short time 
periods (for example stress analysis on bones and cartilage) a mathematical/physical description of 3D 
embryonic tissue displaying volumetric growth over a period of hours or days has not previously been 
achieved, and this is therefore one of the general goals of this project. Our first 3D FEM on a short phase 
of development has been published this year (Boehm et al. PLoS Biology, 2010), and we have also deve-
loped a 2D description of the tissue movements over the full period of limb bud growth.
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5. Computer models of spatially-patterning gene networks 

The interpretation of morphogen gradients is a pivotal concept in developmental biology and several me-
chanisms have been proposed to explain how gene regulatory networks (GRN’s) achieve concentration-
dependent responses. However, the number of different mechanisms that may exist for cells to interpret 
morphogens, and the importance of design features such as feedback or local cell-cell communication, 
is unclear. A complete understanding of such systems will require going beyond a case-by-case analysis 
of real morphogen interpretation mechanisms and mapping out a complete GRN “design space”. We are 
therefore performing theoretical projects which search for the network design principles in a 1D simulation 
of pattern formation. We generated an atlas of design space for GRN’s containing 3 genes capable of 
patterning a homogeneous field of cells into discrete gene expression domains by interpreting a fixed 
morphogen gradient. We uncovered multiple very distinct mechanisms distributed discretely across the 
atlas, thereby expanding the repertoire of morphogen interpretation network motifs. Analyzing this diverse 
collection of mechanisms also allowed us to predict that local cell-cell communication will rarely be 
responsible for the basic dose-dependent response of morphogen interpretation networks.(Cotterell & 
Sharpe, Molecular Systems Biology 2010)
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SUMMARY

The primary aim of the group is to study the interactions between biological components with a view to 
having a predictive understanding of biological networks. Ultimately, we would like to be able to build 
functional gene networks that actually behave in the way we would anticipate. To achieve this, the group 
has been structured to combine: (1) studying large-scale networks from the top-down (bacterial shuffle 
networks), (2) reconstructing small networks from the bottom-up (synthetic patterning networks), and (3) 
protein engineering of zinc fingers for gene repair and network engineering.

RESEARCH PROJECTS

1. Shuffling E. coli transcription

The major work of our lab is based around a study on rewiring large-scale bacterial gene networks. We 
recently shuffled the transcription network of E. coli to ask the question, “what happens if you add lots of 
new links on top of an existing biological network?” 

Genomes evolve by duplicating genes, which then acquire new controlling connections. We speeded-up 
this process by taking some of the most highly-connected transcription factor (TF) coding sequences 
and rewiring them to different promoter control regions (by adding promoter-ORF fusions on plasmids). In 
this way, the multiple inputs to a given promoter regulatory region were connected to the multiple targets 
of a TF (outputs). At least two outcomes were possible (see Fig. 1): (i) Pathways that never communica-
ted before could be linked together in a new synthetic crosstalk. (ii) Regulatory sites downstream of a TF 
cascade could be connected back to the TF, creating multiple positive and/or negative feedback loops. 
Thus, very complicated new connections, as well as other motifs like feedforward loops, could potentially 
be created by single promoter-ORF fusions.
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Figure 1.
Figure 1. Rewiring the network by adding shuffled promoter-ORF combinations. (A) Plasmid constructs containing a promoter regulatory 
region, linked to a different ORF (transcription regulator or sigma factor), create new network links (red arrows). A GFP ORF with an inde-
pendent ribosome binding site (RBS) acts as a reporter. (B) Parallel pathways (“a-b-c” and “d-e-f”) can be linked together with a rewiring 
construct, b-e. The inputs to the promoter “b” now output through the ORF “e”. Examples of actual gene regions used in this study are 
written next to the gene boxes. (C) Promoter regions downstream of their new partner ORF can create new feedback loops. The linear “d-e-
f” pathway is converted to a feedback loop, by adding the “f-d” construct, such that the inputs into “f” now output through “d”.

For the rewiring experiments, we chose transcription network genes with various levels of connectivity 
within the tree-like hierararchy of the E. coli transcription network; some were connected to 10s, 100s 
or even 1000s of other genes. The surprising result was that even highly-connected genes could be 
“rewired” and were generally very well-tolerated by the bacteria. Some new networks even conferred 
new specific fitness advantages on the bacteria, such as improved heat resistance. We built ~600 rewired 
networks and showed that very complex new feedback loops and rewirings were viable and could act as 
a substrate for evolution. Therefore the existing network is highly evolvable through such gene shuffling, 
even at network hubs. 
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The propagation of perturbations in shuffled networks

The Shuffle project has been extended in the past year by choosing ~100 network constructs for Affy-
metrix microarrays, under highly-standardised conditions, in biological triplicates. We already have very 
promising results for ~60 of the chosen networks, which is why we have extended the project to 100 
networks. The microarrays clearly show that the different networks make systematic perturbations from 
10s to 1000s of genes (the most perturbed clone has 2795/4070 genes perturbed - ~70% of the trans-
criptome - and is still viable). By clustering the genes and networks into patterns of similar gene expres-
sion, we can visualise the extent to which perturbations propagate across the network and can find some 
common ‘states’ which the bacteria tend towards. We believe these states to represent ‘attractors’ in 
the system, which we want to understand. We are working towards converting the array data into a pre-
dictive model that will describe which network perturbations will induce which gene expression states. 

2. Patterning Gene Networks

We are carrying out several spatial and temporal pattern-engineering projects in parallel, corresponding 
to different scales of cellular organisation. These start from engineering localised gradients and patterns in 
single cells and move towards designing or selecting gene networks using diffusible factors that operate 
over fields of cells. The various projects use both bacterial and mammalian cells. 
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Fig. 2. 
Synthetic 3D ‘morphogen’ patterns in 

MDCK cysts. 
A. Localized HGF transfection (red), 

followed by HGF secretion, distal induction 
of GFP expression and tubule formation, in 
an MDCK cyst containing a reporter gene 

network. 

B. Spatial expression of GFP over fields 
of cysts, in response to a localized source 

of HGF (secreting cells; expressing a red 
fluorescent protein). 24hrs after seeding the 
HGF-secreting cells, the cysts surrounding 
the sender region express GFP and under-

go tubule formation. Cysts further way from 
the sender cells do not express GFP and 

do not tubulate or scatter. 
C. Quantification of the expression of GFP 
using imageJ (Radial profile plugin) which 
measures average GFP intensity radially, 

from a source.  Bars, 1 mm.

A B

3. Synthesising zinc fingers for genome engineering and gene repair

As part of an EU-funded ERC project (FP7 ERC Zinc-Hubs) we are building a number of artificial 
sequence-specific DNA-binding proteins using our established protocol (Isalan, M., Klug, A. & Choo, 
Y. Nature Biotechnology, 19, 656-60; 2001). We aim to develop upon the recent reports of endogenous 
gene repair using zinc finger nucleases (Bibikova et al. Science 300, 764, 2003; Urnov et al., Nature 435, 
646-51, 2005). Ultimately, we wish to probe the effects of mutating or rewiring hub genes, within the 
context of the entire mammalian transcription network. 
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SUMMARY

Our main interest is in the genetics of individuals. As part of this we are working on methods to predict 
phenotypic variation from individual genome sequences.  This means predicting both the typical outcome 
of a sequence variant, and the actual outcome in each individual. Mutations often have different outcomes 
in different individuals, and we aim to understand the genetic, stochastic and environmental causes of this 
variation.  As experimental systems we use the model organisms C. elegans and S. cerevisiae.

RESEARCH PROJECTS

1. Predicting how mutations combine to cause phenotypic change

Most human diseases are genetically complex, with contributions from mutations in many different genes. 
Mutations in more than one gene can combine synergistically to cause phenotypic change, and systematic 
studies in model organisms show that these genetic interactions are pervasive. However, in human association 
studies such non-additive genetic interactions are very difficult to identify because of a lack of statistical power. 
One approach to resolve this is to predict candidate modifier interactions between loci, and then to 
specifically test these for associations with the phenotype. We have tested and evaluated this approach 
(‘network guided modifier screening’) in both S. cerevisiae and C. elegans, finding that a single high-
coverage, high-quality functional network can successfully predict genetic modifiers for the majority of 
genes. Using this network we demonstrated that it is possible to rapidly expand the number of modifier 
loci known for a gene, predicting and validating new genetic interactions for signal transduction genes. 

2. Genes confer correlated robustness to genetic, environmental and stochastic 
perturbations

Gene inactivation often has little apparent consequence for the phenotype of an organism. This pro-
perty, genetic (or mutational) robustness, is pervasive, and has important implications for disease and 
evolution, but is not well understood. Dating back to at least Waddington it has been suggested that 
mutational robustness may be related to the requirement to withstand environmental or stochastic per-
turbations. We have shown that global quantitative data from yeast are largely consistent with this idea. 
Considering the effects of mutations in all non-essential genes shows that genes that confer robustness 
to environmental or stochastic change also buffer the effects of genetic change, and with similar efficacy. 
This means that selection during evolution for environmental or stochastic robustness (also referred to 
as canalization) may frequently have the side effect of increasing genetic robustness. A dynamic envi-
ronment may therefore promote the evolution of phenotypic complexity. It also means that “hub” genes 
in genetic interaction (synthetic lethal) networks are generally genes that confer environmental resilience 
and phenotypic stability.
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3. Noise and plasticity in gene expression 

Gene expression responds to changes in conditions but also stochastically among individuals. In budding 
yeast, both expression responsiveness across conditions (“plasticity”) and cell-to-cell variation (“noise”) 
have been quantified for thousands of genes and found to correlate across genes. It has been argued 
therefore that noise and plasticity may be strongly coupled and mechanistically linked, which would have 
important consequences for the evolution of transcription networks (Lehner, Molecular Systems Biology 
2008). This proposal is also consistent with some theoretical ideas, but a strong coupling between 
noise and plasticity also has the potential to introduce cost-benefit conflicts during evolution. For 
example, if high plasticity is beneficial (genes need to respond to the environment), but noise is detrimental 
(fluctuations are harmful), then strong coupling should be disfavoured. By analysing existing datasets, 
we found evidence that cost-benefit conflicts do occur and these conflicts constrain the evolution of 
gene expression and promoter architecture. Further, the global quantitative data in yeast suggest that 
one mechanism that relieves the constraints imposed by noise-plasticity coupling is gene duplication, 
providing an example of how duplication can facilitate escape from adaptive conflicts.

4.  Whole-animal antibiotic selection 

C. elegans is one of the mostly widely used model organisms.  However the generation of transgenic 
nematodes is still a rather laborious process.  We have developed a selection system using antibiotics 
that allows the rapid and easy isolation of large populations of transgenic worms. This approach is suffi-
ciently powerful to select single-copy transgenes, does not require any particular genetic background, 
and works in other species such as C. briggsae.

Fig 1.
The correlated effects of gene dele-
tions on genetic and environmental 
robustness in yeast.  The effects of 
mutations on environmental robustness 
(the number of different environmental 
conditions in which a gene is required for 
growth) and mutational robustness (the 
number of synthetic lethal interactions 
made by a mutation) are compared 
across 4656 gene deletions in yeast. 
Data are plotted for ten equally sized 
bins of genes. Error bars are +/− one 
standard error. Spearman rank correlation 
coefficient across all genes (ρ) = 0.39, 
p<2.2×10−16.
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Fig 2.
Puromycin selection in C. elegans.  

(a) Cultures initiated with wild type L1 
larvae (15 worms μl-1) after 4 days of 

growth with or without 0.5 mg ml-1 

puromycin and 0.1% Triton X-100, in the 
presence of DH101 bacteria. 

(b) Nematodes of the BCN4004 strain 
carrying an extra-chromosomal array 

with the puromycin resistance gene and 
a Pmyo2::mCherry marker. L1 larvae 

were grown for 4 days in liquid medium 
with or without selection, transferred 
to non-selective plates seeded with 

bacteria, allowed to grow for 3 days and 
photographed.  

(c&d) Enrichment of transgenic worms by 
puromycin selection. Cultures were initia-
ted with various dilutions of BCN2081 L1 

larvae (carrying a single copy integrated 
puromycin resistance transgene) with wild 
type N2 larvae. Plots show the percentage 

of BCN2081 transgenic worms after 5 
(c) or 4 (d) days of selection under the 

indicated conditions. The fold-increase in 
the percentage of transgenic worms after 

selection is shown for each experiment. 
Scale bar  = 1 mm.
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SUMMARY

The mission of our group is to unravel structure-function relationships between neural circuits, sensory 
coding and adaptive behaviours. We are interested in understanding how odour tracking comes about 
in terms of circuit computation. This problem is tackled in the olfactory system of the fruit fly Drosophila 
melanogaster larva. Our research combines a variety of experimental and computational techniques 
aiming to define how naturalistic odorant stimuli are encoded and processed in the olfactory system. In 
particular, we are developing new computational tools to monitor and classify stereotypical behaviours 
automatically. We are seeking to identify circuits involved in the processing of olfactory information and 
the making of decisions underlying chemotaxis.

RESEARCH PROJECTS

1. Peripheral representation of odour stimuli 
David Jarriault, Mariana Lopez-Matas, Moraea Philipps, Julia Riedl, Aljoscha Schulze

The larval ‘nose’ is composed of 21 olfactory sensory neurons (OSNs) expressing typically one type of 
odorant receptors along with a ubiquitously expressed co-receptor (Or83b) (Fig 1). Previously, we have 
demonstrated that individual odorant receptors have overlapping, yet distinct, ligand tuning properties 
(Asahina, Louis et al., 2009). Accordingly, each OSN can be viewed as distinct information channel to 
the olfactory system. We have also shown that the information transmitted by a single functional OSN 
is sufficient for the detection of minute changes in odour intensity. Performing electrophysiological re-
cordings on single OSNs, we are characterizing how odour intensity and quality is represented in the 
activity of single OSNs. Whether one type of odorant receptor alone is capable of encoding the quality 
of an odour remains an open question in the larva. We have undertaken to disentangle the contribution 
of single OSNs to the representation of static and dynamic odour stimuli (Fig 1). In Pavlovian conditio-
ning experiments, we found evidence that a single functional OSN is sufficient to mediate odour quality 
discrimination. This finding highlights the surprisingly high coding potential of single sensory neurons.

Odours are represented by dynamical patterns of neural activity transmitted from the OSNs to higher 
brain centres (Fig 1). We have devised a novel preparation to carry out extracellular and intracellular 
recordings from the peripheral olfactory system. Using this technique, we have begun to compare the 
activity elicited in identified OSNs. Our current goal is to explain the ability (or inability) of larvae with a sin-
gle functional OSN to discriminate between distinct odours. By taking advantage of new odour delivery 
systems that allow us to generate temporal changes in odour concentration during electrophysiological 
recordings, we are now in position to study the encoding of naturalistic odour stimuli in the peripheral 
olfactory system.

Figure 1.
Larval ‘nose’ (dorsal organ) comprising 

21 olfactory sensory neurons (OSNs). All 
OSNs are silenced in the Or83b mutant 

background. Each of the 21 OSNs projects 
to one glomerulus in the antennal lobe. 

Every glomerulus is innervated by a single 
projection neuron (PN). Each projection 

neuron sends its axon to a subset of the 
glomeruli in the Mushroom bodies (MB). 
Expression of Or83b is necessary for the 
proper trafficking of all  ORs to the OSN 

dendrites. As all OSNs are silenced in the 
Or83b null background, animals with a 

single functional OSN are generated by se-
lectively restoring the expression of  Or83b 

in a given OSN.
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Figure 2.
Correlating sensory input with behavioural 
output during larval chemotaxis.
(a) High-resolution analysis of the trajectory 
of larva. The position of the head is 
coloured in green. The centroid (centre of 
mass) is coloured in blue. The trajectory 
is superimposed on a 2-diimensional 
reconstruction of an odour gradient of ethyl 
butyrate. A unique source is centred at right 
of the arena. Absolute concentration of the 
stimulus in gaseous phase was measured 
by FT-IR spectroscopy.
(b) Reconstructed time course of the odour 
concentation experienced by the head and 
centroid during the trajectory on the left.

We are also interested in characterizing how odour-specific activity patterns evolve across different layers 
of the olfactory system. Functional imaging is applied to monitor the activity in neuronal ensembles. By 
expressing genetically encoded calcium sensors (GCaMP) in targeted neurons, we seek to establish 
precise correlations between sensory input and circuit activity. Our goal is to clarify the role of local 
inhibitory interneurons in the antennal lobe (Fig 1), a circuit that is thought to achieve gain control and 
decorrelation. Our long-term goal is to extend this analysis to motor control, and to propose a model for 
how ethologically relevant sensory input (e.g., increase or decrease in the concentration of a food odour) 
induce specific behavioural output (e.g., orientation towards the odour source).

 
2. Behavioral algorithms directing decision-making in chemotaxis 
Alex Gomez-Marin

Bacteria and nematodes chemotax according to indirect orientation mechanisms, which consists in 
improved biased random walks. In contrast, Drosophila larvae employ a direct orientation mechanism 
where motion is locally aligned with the odour gradient. Previously, we have demonstrated that Drosophi-
la larvae do not require bilateral olfactory inputs to perform chemotaxis. Having ruled out a mechanism 
purely based on stereo sampling (comparisons between the left and the right inputs), we are now inves-
tigating how larvae with unilateral olfactory function are capable of extracting directional information from 
spatially distributed odour cues. 

We have dissected the sensorimotor algorithm governing larval chemotaxis. Combining high-resolution 
quantification of olfactory input and behavioural output, we have shown that larval chemotaxis is an 
active sampling process analogous to sniffing in vertebrates. Larvae orient in odour gradients through 
a sequential organization of behavioural modes: runs, stops, lateral head sweeps (or head casts) and 
directed turns. We have found that stereotypical patterns in the history of stimulus control two classes of 
decisions: when to turn or where to turn. Positive gradients are detected through high-amplitude head 
casts prior to a turn. Computer-vision analyses permitted us to generate large datasets for individual 
larvae engaged in chemotactic tasks. By genetically reengineering the peripheral olfactory circuit, we 
have examined how orientation adapts to losses and gains of function in the olfactory circuit. Our fin-
dings suggest that larval chemotaxis represents an intermediate navigation strategy between the biased 
random walks of E. coli and C. elegans, and the stereo-olfaction observed in vertebrates such as rats 
and humans.

 
3. Remote control via optogenetic stimulation and closed-loop high-resolution tracking 
Alex Gomez-Marin and Aljoscha Schulze

To test our current model about the active sampling and decision-making processes controlling naviga-
tion in odour gradients, we use optogenetics to interfere with the sensory experience of freely moving 
larvae. We make use of light-activated ion channels such as channelrhodopsin-2 (ChR2). Ectopic ex-
pression of ChR2 in single OSNs provides a powerful technique to control olfactory input at a single spike 
level. We have developed a system capable of measuring neuronal activity in single OSNs in response 
to controllable olfactory or light-evoked stimuli. By combining these technical advances, we have under-
taken a quantitative characterization of synthetic olfactory stimuli and we are now in a position to reverse 
engineer naturalistic dynamic odour stimuli.
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Figure 3.
Newly identified neural circuit potentially 

involved in chemotaxis behaviour. Immu-
nostaining against mcd8-EGFP (green) and 

the synaptic marker nc82 (magenta)

To monitor larval locomotion at very high temporal and spatial resolutions, we have devised a new 
tracking system. This closed-loop tracker is based on a moving stage that carries a camera and several 
LEDs: it allows us to monitor the motion of a single animal (0.4 cm in length) across a large area (over 
1 m2). The posture of the larva is calculated in real time at a rate of 30Hz and the software triggers light 
flashes based on a stimulation protocol previously specified by the experimenter. Using this tool, our 
ultimate objective is to combine real-time high-resolution tracking and optogenetics to remote control 
the orientation behaviour of a larva.

4. Identification of new centres participating to orientation behaviour 
Verena Hotz and Julia Riedl

To map the circuits participating in larval chemotaxis, we have initiated a behavioural screen (Fig 3). We 
take advantage of thousand of existing Gal4-drivers to study the effects of disabling sub-regions of the 
larval brain by expressing the tetanus toxin light chain (inhibitor of synaptic transmission). While specific 
neurons are silenced, we test the orientation capabilities of mutants to directional sensory stimuli. The 
anatomy and function of neuronal subsets associated with interesting phenotypes are inspected further. 
We use functional calcium imaging and high-resolution behavioural analysis to clarify the specific role of 
neurons involved in the processing of olfactory signals. In addition, remote controlled activation using 
specific effectors (e.g. ChR2 and TrapA1) is exploited to establish new circuit-function relationships un-
derlying larval chemotaxis.
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SUMMARY

Natural selection acts on phenotypic variability within populations. However, we still lack a coherent 
view of how such variability arises during development, and how it reflects molecular variation in the 
genome. The relationship between genotype and phenotype is complex and non-linear. Therefore, we 
need a systems-biology approach to address this question. We are carrying out an integrative, compa-
rative analysis of real evolving developmental gene regulatory networks using a novel reverse-engineering 
approach (the gene circuit method). Gene circuits are computational tools to extract regulatory infor-
mation from quantitative spatial gene expression 
data (Fig. 1). We study the evolution of the fo-
llowing networks in dipteran insects (flies, midge, 
and mosquitoes): the gap gene network involved 
in pattern formation in the early embryo of dipte-
rans, the gene network underlying muscle and 
heart development during organogenesis, and 
the thoracic patterning network responsible for 
the positioning of mechanosensory bristles on 
the dorsal cuticle of the animal (Fig. 2A). We are 
establishing three dipteran species—the fruit fly 
Drosophila melanogaster, the scuttle fly Mega-
selia abdita and the moth midge Clogmia albi-
punctata—as model systems to experimentally 
and quantitatively test hypotheses derived from 
systems-biology approaches to evolutionary de-
velopmental biology (Fig. 2B). Our models allow 
us to infer the regulatory interactions necessary 
and sufficient to explain the observed expression patterns by fitting models to data. Models from different 
species can be compared to reveal which interactions are conserved and which have diverged during 
evolution. In addition, we study evolutionary transitions between species using an in silico evolution 
approach. We will test these predictions by using RNA interference (RNAi) in various species and reporter 
assays in Drosophila. Our approach provides an integrative view of network evolution across multiple 
levels, from the molecular to the phenotypic. To our knowledge, this has not yet been achieved for any 
real developmental system.

Fig. 2: (A) Evolving developmental gene regulatory networks. (B) Trends in dipteran evolution:
The thoracic bristle patterning network has evolved from simple to complex, diversified patterns . The gap  network shows  convergent evo-
lution: Gap domains are shown schematically (anterior is to the left). Posterior hb/gt  domains have been swapped in Anopheles compared 
to Drosophila, and are missing in Clogmia. Network diagrams illustrate hypothetical  regulatory changes; ‘?’ highlights unknown factors.

Fig.1: The Gene Circuit Method



160 . Annual Report 2010 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

RESEARCH PROJECTS

1. A systems-level analysis of giant (gt) regulation in Drosophila melanogaster 
Astrid Hörmann, Hilde Janssens

Aim. Due to the lack of a quantitative in vitro transcription assay, we still do not have a precise mechanis-
tic understanding of eukaryotic gene regulation. For this reason, our current gene network models do not 
include molecular details, such as specific transcription factor binding sites and cis-regulatory elements. 
As a first step towards resolving this issue, we will look into the regulation of a particular gap gene (gt) 
using our reverse-engineering approach with a model of transcriptional regulation. This enables us to 
identify and analyze contributions of particular binding sites to the expression pattern of gt. In particular, we 
want to address important open questions such as how individual binding sites constitute a cis-regulatory 
element or how such elements interact to result in the expression of a whole, endogenous gene.

Results. A preliminary analysis of gt cis-regulatory elements has revealed that distinct elements con-
tribute to different gt expression domains in a non-additive way, and we have identified elements res-
ponsible for early vs. late regulation. We have created strains of Drosophila carrying reporter constructs 
for these elements using site-specific transgenesis. We will quantify gene expression in each of these 
strains, and will use the resulting data sets to fit a model of transcriptional regulation. This will allow us 
to predict the contribution of particular binding sites to the expression of specific gt domains. These 
predictions will then be tested experimentally.

2. A quantitative study of gap gene mutants in Drosophila melanogaster
Hilde Janssens

Aim. If we are to study evolutionary transitions using mathematical models of gene networks, we need a 
modeling formalism that captures the variational properties of the network. However, it remains unclear 
whether our current gene circuit models are able to correctly reproduce expression in mutant embryos. 
We will investigate these issues systematically by generating quantitative gene expression data for Dro-
sophila gap gene mutants (with J. Reinitz, Stony Brook, USA), and by testing various modeling forma-
lisms with regard to their ability to reproduce wild-type/mutant patterns correctly.

Results. Data sets for mutants of Kr and kni (Reinitz) are available, and we have created a high-quality 
data set for mutants of the terminal gap gene tll. It reveals extensive embryo-to-embryo variation as some 
individuals have six, some seven stripes of the pair-rule gene even-skipped (eve). We have analyzed 
these data in detail, quantifying levels of expression and variability. We will model them to uncover the 
source of the variability and to test various network modeling formalisms.

3. A quantitative, comparative study of gap gene regulation in dipterans
Karl Wotton, Eva Jiménez-Guri, Anton Crombach, Damjan Cicin-Sain

Aim. We aim to create gene circuit models of the gap gene network in Drosophila, Megaselia and Clog-
mia. To achieve this, we require detailed characterization of the early stages of development, as well as 
quantitative spatial gene expression patterns for all three species. Such data sets can be acquired using 
immunofluorescence (for protein) or in situ hybridization (for mRNA expression patterns). These data will 
be analyzed to characterize spatial variability of gene expression domains and gene expression dyna-
mics. Gene network models will be obtained by fits to data (Fig. 1). We will characterize and compare 
the dynamical behavior of these networks. The resulting gene network topologies will be used to predict, 
which aspects of the network have been conserved, and which ones diverged during evolution. These 
predictions will be verified using RNAi and reporter assays.

Results. We have established colonies and experimental protocols for all three species, and have cha-
racterized their early development by DIC time-lapse microscopy. We have created early embryonic 
transcriptomes for both Megaselia and Clogmia (using 454 and HiSeq technologies). We have cloned the 
complete set of gap genes from Megaselia. We are raising antibodies against maternal proteins in Mega-
selia and Clogmia. We have systematically characterized gap gene expression at the mRNA level in both 
Drosophila and Megaselia using colorimetric in situ hybridization (similar data for Clogmia were acquired 
previously by Mónica García Solache in Cambridge, UK). We have developed a novel data quantification 
pipeline for our mRNA data, which was used to create expression databases and integrated expression 
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patterns for all three species (Fig. 3). These data are now being used to fit gene circuit models, and will 
serve as a basis for our in silico evolution study (see below). We have obtained models from mRNA data 
in Drosophila, and have shown that they are equivalent to models fit to protein data (Fig. 3). We are syste-
matically comparing and improving numerical algorithms required for model fitting, solution and analysis.

Fig. 3: (A) Drosophila gap gene circuit models vs. mRNA data. (B) Data processing pipeline: an embryo mask is used to identify a 10% 
stripe along the midline of the embryo along which expression profiles (lower left) are measured; expression boundaries are approximated by 
polynomial functions to yield an integrated dataset (lower right) .(C) Megaselia and Clogmia datasets. A = anterior, P = posterior

4. Modeling the evolutionary dynamics of the gap gene network
Anton Crombach

Aim. We want to explore the possibility that intermediate stages of evolution could be predicted (or 
reconstructed) using in silico evolution. In particular, we are interested whether these evolutionary transi-
tions are constrained by network topology, or whether they depend on selection alone. Predictions from 
such an analysis will  be tested against the data sets described above—or against qualitative expression 
data obtained from other suitable dipteran species.

Results. We are currently adapting evolutionary simulation code for use with our gene circuit models. 
We have obtained access to the Mare Nostrum computer at the Barcelona Supercomputing Center 
(BSC), where calculations will be carried out.

5. Modeling development and evolution of the fly heart
Eva Jiménez-Guri, Damjan Cicin-Sain

Aim. Apart from our work on the gap gene system, we are also applying our reverse-engineering me-
thod to other gene networks. One example is the network underlying muscle and heart development. 
This network is interesting since it is active at a later stage of development (cellularized tissues, tissue 
movements) and evolves extremely slowly, its core components being conserved between vertebrates 
and flies.

Results. We have cloned muscle- and heart-determining genes from Megaselia and Clogmia and are 
currently characterizing their expression and function. We are developing data quantification methods for 
spatial gene expression at late stages of Drosophila development. These will be used to create datasets 
for model fitting as described for gap genes above.

6. Inferring the thoracic bristle patterning network of Drosophila
Bárbara Negre

Aim. Another interesting example of an evolving network is the thoracic bristle patterning network. It is 
responsible for the positioning of mechanosensory bristles on the thorax of the fly during larval development 
and pupation. In contrast to both gap and heart networks, it is evolving extremely fast. Thoracic bristle 
patterns are used as species-defining traits. We ultimately aim to apply our reverse-engineering appro-
ach to study the development and evolution of this network. Before this is possible, however, we will 
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need to gain a better understanding of how it functions in Drosophila. For this reason, we have initiated 
an expression screen that aims to identify novel regulators of bristle patterning. It combines expression 
studies with a qualitative modeling approach based on graphical primitives, to identify and predict new 
regulatory interactions.

Results. This project has only started in November 2010. We have established the experimental pro-
tocols required for the expression screen, and have ordered a large set of candidate clones for the 
screening process.
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SUMMARY

The aim of the antibody project is to create a library of human transcription factors which are 
validated by Elisa, western blot and immunofluresence. Researchers within the CRG have access 
to these antibodies to aid their research. Also the group provides an antibody production service 
whereby laboratories can design and order specific antibodies of interest. Finally the antibody 
project commercializes these various antibodies to external companies.

Transcription Factor collection

We have a collection of approximately 300 polyclonal antibodies and a further 100 polyclonal anti-
bodies (not transcription factors). Of these 400 antibodies, approximately 300 have been purified. 
We also have a collection of 88 purified monoclonal antibodies (transcription factors). 

We have a page on the intranet showing which antibodies we have in our collection and the status 
of the validation process for each and any available results. This page is updated regularly and 
researchers can use it to request antibodies from us.

In 2010 we have continued with the validation of these polyclonal antibodies by western blot.  We 
have also screened the 300 polyclonal antibodies by Immunofluresence and tested all purified 
monoclonal antibodes by Elisa. Validation work is still ongoing for both the polyclonal and mono-
clonal collections.

Service to groups within the CRG for antibody design and production

We have a service available for laboratories interested in designing a specific antibody which 
perhaps is not commercially available. In these cases the researcher will use the  Goldquest 2 pro-
gram available on our intranet to design 3 peptides sequences specific to the protein of interest. 
Once the peptides have been designed, the sequences are forwarded by the antibody project 
to Eurogentec who then produce the peptides and the antibodies. The antibodies can also be 
purified if required.

In 2010 this antibody production service has been used to design around 100 antibodies for the 
different groups within the CRG. These antibodies have been validated in the antibody project by 
Elisa and further validation by western blot is in process.

Commercialisation

The antibody project is working with the technology transfer group in the commercialization of 
various antibodies to external companies. On the CRG website, external companies can access 
which antibodies we have currently available for commercialization, (polyclonal and monoclonal), 
and which will be available in the near future. The website is updated frequently by us and also we 
prepare the aliquots and datasheets when commercialized. Currently we are selling our antibodies 
to Abcam and Millipore. 
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The program currently comprises eight Core Facility Units, Genotyping, Microarrays, Ultrasequen-
cing, Proteomics, Microscopy, High-throughput Screening, FACS and Bioinformatics, as well as 
two Internal Service Units, the Histology Service and the newly created Protein Service that had 
been set up within the Systems Biology program. 

The core facilities and the technologies they offer continue to be a valued support pillar of the 
research performed in the CRG. Following the aim to continuously evolve and invest in the 
latest technologies, some of new developments to be highlighted are the purchase of a super-
resolution microscope, the Leica STED system in the Advanced Light Microscopy Unit, as well 
as the acquisition of a the first last generation DNA sequencer in Spain, the Illumina HiSeq 2000 
in the Ultrasequencing Unit, and the acquisition of a high-capacity array reader, the Illumina 
iScan in the Genotyping Unit. Also the computing infrastructure has been upgraded significantly 
and the Bioinformatics Core has taken up the challenge to develop pipelines for the analysis of all 
the data being produced in high-throughput in the other core facilities. Especially the Genomics 
Units have become increasingly aligned with the Bioinformatics Core in order to offer to the users 
an integrated service ranging from sample preparation to in-depth data analysis.
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SUMMARY

Single nucleotide polymorphisms (SNPs) are the most common type of genetic variation in the human 
genome. A fraction of this genetic variation is likely to explain the majority of the differences between 
individuals, including their predisposition to develop common human disorders, such as cardiovascular 
disease, diabetes, asthma and cancer, and their differences in response to drugs. Other goals of SNP 
research include population genetics and trait selection for agricultural, cattle farming or aquaculture 
applications. Some of the genotyping technologies also enable to accurately characterize copy number 
variants (CNVs), loss of heterozygousity (LOH) and DNA methylation status. 

SERVICES

The Genotyping Unit is one of the nodes of the Plataforma en Red de Genotipado Carlos III (CeGen-
ISCIII, www.cegen.org). It provides support to PRBB users and external users from public or private 
institutions for genotyping projects in every aspect of research, from experiment design, DNA extraction, 
genotyping, methylation profiling, and data interpretation. 

At the CeGen-ISCIII CRG Barcelona Node several medium and high throughput genotyping and related 
services were available in 2010:

1. Automated DNA extraction from blood or other tissues (Chemagen).

2. DNA quantification using Picogreen (Molecular Probes).

3. Whole Genome Amplification using GenomiPhi (Amersham).

4. Custom Genotyping by SNPlex (Applied Biosystems): genotyping of 24-48 SNPs selected by 
customer.

5. Custom Genotyping by VeraCode GoldenGate (Illumina) that are low plex GoldenGate ge-
notyping arrays compatible with the BeadXpress System: genotyping of 48-384 SNPs selected 
by customer.

6. Custom Genotyping with GoldenGate technology (Illumina): genotyping of 96-1,536 SNPs 
selected by the customer.

7. Focused-content SNP Genotyping with GoldenGate technology on all catalogue Illumina products: 
African American admixture panel, DNA test panel, Cancer SNP panel and MHC panel set, Human 
Linkage V panel, Mouse LD Linkage panel and Mouse MD Linkage panel.

8. Focused-content SNP Genotyping with Infinium technology on all catalogue Illumina pro-
ducts: HumanOmni2.5-quad (NEW), HumanOmni1-quad, HumanOmni-Express (NEW), 
Human1M-quad, Human660W-quad, HumanCytoSNP-12, HumanLinkage-24 (NEW), 
BovineSNP50, CanineSNP20, EquineSNP50, others.

9. Custom DNA methylation profiling using Veracode GoldenGate (Illumina): 96-384 sites se-
lected by costumer.

10. Focused-content DNA methylation profiling using Infinium technology (Illumina): Human-
Methylation27 (Figure 1) and HumanMethylation450 (NEW).
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All services are integrated with robust software tools for experimental design, management of data and 
analyses. Extensive quality control measures let us further refine the quality of data.

During 2010, Illumina iScan system has been acquired (Figure 2). This new scanner is being used with the 
recently released high density (HD) assays for genotyping and methylation technologies. Liquid handling 
robots had been upgraded in order to be able to process the new HD and GoldenGate BeadChips. 

During this period, Genotyping Unit has finished 56 genotyping projects, produced more than 650K 
genotypes with SNPlex, near 4 million genotypes for GoldenGate custom designs and has processed 
around 200 Beadchips through Infinium technology. It is worth to notice that Veracode GoldenGate and 
GoldenGate BeadArray services were used at maximum capacity during this period. The number of 
processed samples and the number of work orders for each service are detailed in the following table.

Fig 2.
A. The facility is equipped with state-of-the-art 
instruments including high resolution scanners. 
B. Section derived from a HumanOmni1-Quad 
Beadchip under standard scanning conditions 
using Illumina iScan system. 

Fig 1.
Loading DNA samples on llumina 
HumanMethylation27 BeadChips 
using liquid handling robots.

Service Samples Work Orders 

Custom Genotyping 24831 32 

Infinium Genotyping 600 13 

Infinium Methylation 456 11 

DNA Extractions 3905 16 

DNA Quantifications 22608 56 

DNA WGA 2678 7 
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SUMMARY

The sequencing field has experienced a major boost by the introduction of innovative, second-generation 
sequencing technologies. The Ultrasequencing Unit utilizes three different high-throughput sequencing 
platforms. At present, the Unit is equipped with two Genome Analyzer IIx and one HiSeq2000 sequencer 
from Illumina, and one Roche 454 FLX sequencing instrument. A wide range of different state-of-the-art 
sequencing services is provided to the CRG, PRBB, and to external users.

SERVICES

Next generation sequencing has paved the way for answering a large number of different questions 
in biology and in biomedical sciences. The protocols currently in use in the Unit are genomic sequen-
cing (de novo sequencing, re-sequencing, ChIP-Seq, long-range mate-pair sequencing), transcriptome 
analysis (mRNA-Seq, strand-specific mRNA Seq, small RNA sequencing), and amplicon sequencing. 
In addition, procedures for indexing samples are in use, allowing the pooling of samples. The Illumina 
and 454 platforms in the Ultrasequencing Unit complement each other: Illumina sequencing produces 
large numbers of short reads per run, i.e. up to 700 million reads per HiSeq flowcell with reads up to 100 
bases. With the 454 technology, we generate approximately 1 million reads in a single run (read length 
500 bases, 300-500 Mb sequence output per run). Thus, Solexa is very well suited for applications such 
as ChIP-Seq, miRNA profiling, and genome re-sequencing, while long-read 454 sequencing is very 
appropriate for projects such as de novo genomic sequencing and transcriptome characterization in 
non-model species lacking a reference genome.

The services offered to users include the preparation of samples ready for sequencing on the GA IIx, Hi-
Seq2000 and the 454-FLX instruments, and performing the sequencing runs. After basecalling, the read 
sequences are quality-checked and mapped against a reference genome (if applicable) and are made 
available to the users as sequence data files. 

RESEARCH PROJECTS

The research of the Ultrasequencing Unit focuses on the development of new procedures, both in the 
lab, and for data analysis, such as the development of DSSS (Direct Strand Specific Sequencing), a pro-
tocol for strand-specific sequencing of prokaryotic and eukaryotic RNA samples (Fig. 1), and the analysis 
of structural variation in complex genomes (Fig. 2). With funding provided by the German Federal Ministry 
of Education and Research (BMBF) in the context of the GABI-FUTURE program, we have sequenced 
the genome of the crop plant sugar beet (Beta vulgaris) using 454 and Illumina technology, and we are in 
the process of assembling, annotating and interpreting the genome draft. Working on a genome about 
one quarter of the size of the human genome, this project enables us to establish and test the workflows 
required to process and analyze sequence data from complex organisms with no reference genome 
sequence available.

Fig 1.
Direct strand specific sequencing – a new 
method for generating transcript data.
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Fig 2.
Discovery of structural variation between 
human genomes using long-range mate-

pair libraries.
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SUMMARY

Microarrays allow us to analyze expression profiles (mRNA and microRNA levels) and structural variation 
(DNA copy number) on a genome-wide level. The Microarrays Unit is equipped with all the instruments to 
carry out microarray analysis with the latest version of Agilent and Illumina technologies. For both tech-
nologies, the Microarrays Unit provides a full service, including technical advice in experimental design, 
quality control of starting material, sample and array processing, and data analysis. 

SERVICES

The laboratory provides microarray methodologies as a service at established rates to scientists from the 
CRG, other PRBB institutions and other external public and private institutions. Services offered include: 
sample quality control, RNA and DNA sample labelling, hybridization of microarrays and data processing 
and analysis, as well as array design and fabrication by spotting. 

The Microarrays Unit offers a range of options suitable for a variety of applications including:
> mRNA expression profiling on Agilent microarrays using the 2-color and 1-color protocols, 
   and Illumina BeadArrays (1-color protocol).
> miRNA expression profiling on Agilent microarrays.
> array based comparative genomic hybridization (aCGH) on spotted BAC and Agilent microarrays.
> chromatin immunopreciptation on array (ChIP-on-chip) on spotted promoter, 
   CpG island and Agilent microarrays.
> DNA capture using the SureSelect Target Enrichment system (new service).

Some space reorganizations had taken place during 2010: the Ultrasequencing and Microarrays Units 
are sharing the laboratory for better interaction between technicians, and the bioinformaticians from the 
Microarrays Unit had moved to the Bioinformatics Unit space. This reorganization instigates collabora-
tions between the three units. 

We have carried out an evaluation of the microarray technologies the unit has (Agilent 1-color, 2-colors, 
and Illumina), as an annual internal control for the unit. We used the commercial RNA reference sample 
(Universal Human Reference RNA), our internal control that we include in all microarray projects (figure 
1). The results show again, as in the previous year, low technical variability in the intra-platform measure-
ments, as well as high inter-platform concordance.

Figure 1. 
Bioinformatic tools for monitoring 

microarrays quality based on the use of a 
commercial reference RNA sample (UHRR, 

Stratagene). The percentage of detected 
(intensity above a certain threshold) mi-

croarray probes (red) and genes (blue) and 
percentage of reliable (intensity sufficiently 

larger than background) probes (green) from 
the microarray platform test done at 2009 
(green rectangle) and 2010 (red rectangle) 
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We have also carried out a test for reducing the RNA input for the mRNA profiling projects using the 
Agilent platform. We tested the use of 25ng and 100ng of total RNA as an input for the microarray gene 
expression experiments and compared the results to the data obtained with the standard protocol of 
500ng of total RNA as a starting material. The percentage of detected genes and signal intensities corre-
lated very well. Now, 100ng of total RNA is the standard amount that we use at the Microarrays Unit for 
mRNA expression profiling experiments using the Agilent platform.

We have done a microRNA profiling project using FFPE samples obtaining data of similar quality as when 
using non degraded RNA samples.

We have set up a new service: DNA-capture for sequencing, using the SureSelect Target Enrichment 
system from Agilent. It allows capturing the genomic regions of your interest prior to high-throughput 
sequencing, reducing the cost of the experiment while ensuring high gain from the sequencing. For that 
purpose, the Microarrays Unit has worked closely together with the Ultrasequencing and Bioinformatics 
Units. The collaboration between the three units has resulted in an R software package for quality control 
in Target Enrichment experiments (figure 2).

We have performed a study to compare two different softwares that the unit is using for data extraction 
from Agilent arrays: GenePix (Axon) and Feature Extraction (Agilent). The results show that both methods 
are very similar, but that Feature Extraction is able to detect very high signal in probes for which GenePix 
reaches saturation. The use of the Feature Extraction software is now in the normal protocol for all Agilent 
gene expression experiments.

We have performed a comparative study between different normalization methods for microRNA profiling. 
For that, our own data and published data have been compared. The results show that our data is very 
similar to the published ones and that the normalization method used in the unit as the standard approach 
was good, but it could be slightly improved. This improvement is used as the standard method now.

During 2010 the unit has finished 53 projects. From those, 35 consisted in mRNA expression profiling, the 
most common application at the Microarrays Unit. In total, we have processed 628 samples for mRNA 
expression profiling, 160 samples for microRNA profiling, 64 for aCGH and 18 samples using the Sure-
Select Target Enrichment system for DNA-capture. In addition, we have fabricated 166 arrays using the 
Versarray spotter. The unit also provides access and support to real-time qPCR instruments and offers a 
new service for DNA shearing using the Covaris system.

A.          B.

Our data  MAQC data

Figure 2. 
Diagnostic plots provided within the 
Bioconductor package for Target Capture 
Quality Control.

a) On-target coverage histogram. The 
thick orange line shows the cumulative 
fraction of target bases (right y-axis) with a 
read coverage of at least x. Dashed lines 
highlight the fraction of target bases with 
≥8X coverage.

b) Per-base coverage along chromosomal 
positions. Target regions (plus addition of 
100 bases on both sides) are highlighted 
in orange (yellow).
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SUMMARY

Proteome & Proteomics: The word proteome was first conceived by Marc Wilkins in 1984. Proteomics 
is a contraction of proteome and -omics and translate into “the study proteins”. Generally speaking, the 
genome is a relative static entity that is in sharp contrast to the very dynamic proteome. The proteome 
changes over time, between different cellular compartments, or in response to stimulation. Even when 
focusing a study to only one organism, the term proteome might not make much sense. Because of the 
ever changing conditions, the plural form of proteome, proteomes, is much more appropriate.

Proteomics is the tool used to decipher proteomes and proteomics includes the analysis of: 

>  How genes are combined to give rise to alternative gene products (splicing) or isoforms
>  Where specific proteins are expressed, 
>  When proteins are expressed,
>  How proteins interact (protein-protein interactions),
>  How proteins are being modified (post-translational modifications), and
>  What are the dynamics of proteins with respect to stimuli or other cellular states?

Mass spectrometry has proven a valuable technology for studying proteomics and it is safe to say that 
mass spectrometry has been the driving force of proteomics. Today, close to half of all proteomics stu-
dies rely on mass spectrometry, which is also the case for the CRG/UPF Joint Proteomics Unit .

More than ninety percent of the unit’s operating is based on two modern Orbitrap mass spectrometers 
equipped with nano-HPLC. Older QTOF and MALDI mass spectrometers are also in unit but are used 
in-frequent. The MALDI mass spectrometer is mainly dedicated as a walk-up instrument. The unit is 
currently considering purchasing an additional mass spectrometer that will be dedicated to SRM/MRM 
type experiments. SRM/MRM is a technique that complements discovery type analysis which is currently 
the main type of analysis conducted by the Unit. 

The Proteomics Unit is working close with many researchers at CRG as well as at PRBB. Examples 
include proteomics analysis of ´bugs´ (Mycoplasma bacteria from the Serrano lab, CRG) and redox 
controlled pathways (Hidalgo lab, UPF) to tissue samples from mice brains (Ozaita lab, UPF) and global 
phosphopeptide analysis (Beato lab, CRG). 
 
Typical services provide by the Unit are:

> Identifications of proteins by liquid chromatography coupled to tandem mass spectrometry 
   (LC-MS/MS)
> Determination of molecular mass of molecules. 
> Phosphorylation enrichments and analysis by LC-MS/MS
> Relative quantitation of proteins based on stable isotopes 

FINANCE

In last half of 2010 the Unit has worked on preparing a new cost model for services (to be implemented in 
2011). The Unit has priced all process to be offered and when addressing a specific proteomics question, 
it is now possible to combine the different blocks to offer the best solution and at the same time be able 
to easy calculate a price for tailored proteomics experiments.  

Though difficult to compare between proteomics facilities (depends e.g. on instrumentation and charging 
models) the Proteomics Unit’s has conducted a price comparison between similar facilities in Spain and 
on three continents. Our new internal price for the analysis of a medium complex sample will be lower 
than the compared Spanish facilities but on par with compared facilities in North America, Australia and 
Europe. When it comes to external prices, the compared Spanish facilities, including the Proteomics 
Facility at CRG, will be/is more expensive than the non-Spanish facilities (Figure 1). This is an interesting 
observation and leads to the question:  If a unit has spare capacity, is it better to run idle or try to create 
income my analysing external samples at discounted external prices? Such an approach could help to 
cover basic costs, exemplified by warranties for instruments, thereby lowering internal prices.
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AFFILIATIONS

The Joint UPF/CRG Proteomics Core Facility is a member of ProteoRed, the Spanish Proteomics Network.
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SUMMARY

The Advanced Light Microscopy Unit (ALMU) of the CRG and UPF serves as a core facility for high-
end light microscopy for PRBB researchers. A range of instruments with unique capabilities covers the 
spectrum of advanced imaging applications from thick tissue reconstruction to fast in vivo imaging to 
the sensitive detection of very faint signals. The staff of the facility provides advice in the initial experi-
ment planning, training of the researchers on the instruments and assistance with the subsequent data 
analysis. It is the aim of the facility to provide a link for the biological questions of researchers to the full 
capabilities of advanced light microscopy at the organismic, cellular and molecular level. Methods availa-
ble in the facility include super-resolution microscopy, optical sectioning (single photon and multi-photon 
microscopy), spectral imaging, in vivo timelapse imaging, Total Internal Reflection Fluorescence (TIRF) 
Microscopy and methods for the study of molecular properties and interactions like Fluorescence Corre-
lation Spectroscopy (FCS), Fluorescence Lifetime Imaging Microscopy (FLIM), Fluorescence Resonance 
Energy Transfer (FRET) detection and Fluorescence Recovery after Photobleaching (FRAP). Additionally, 
dedicated software packages for data visualization and analysis are available for 3D rendering, particle 
tracking and image analysis.

In this year the ALMU added a dedicated super-resolution microscope that improves optical resolution 
to  approx. 70nm to its equipment list. This constitutes an improvement in resolution by a factor of two 
to three. The unit is used regularly by researchers from all CRG programs and additionally by researchers 
from other PRBB institutes. Applications range from immunofluorescence imaging of fixed samples to 
timelapse observations spanning several days.

FACILITY OVERVIEW

As in the years before, the Advanced Light Microscopy Unit continued in 2010 to provide instrumenta-
tion at the forefront of imaging technology through the installation of a super-resolution microscope that 
was introduced to the field just months before. The new continuous wave stimulated emission depletion 
(CW-STED) confocal microscope from Leica uses a strong orange depletion laser (596 nm) for imaging 
of green fluorescent dyes at lateral resolutions around 70 nm. This works with fluorophores like Alexa488 
and  Oregon Green, fluorescent proteins like YFP and also with specific two-color labels for multichan-
nel super-resolution imaging. The system was co-financed by the Ministry for Science and Innovation 
(MICINN) from funds available in the “Fondo Europeo de Desarrollo Regional” (FEDER) program of the 
European Union.

The unit also installed the confocal High Content Screening software HCS A from Leica, which allows to 
perform highly automated screening runs. The program was acquired for SysteMTB, a FP7 consortium 
of research groups working on Tuberculosis, which is coordinated by Luis Serrano. It will be used for the 
microscopic intracellular localization of all mycobacterial proteins.

Among the seven available microscope systems of the unit, no two are identical in their features. Because 
of this, a wide range of microscopy applications can be covered. However, most applications can be 
performed on at least two systems. This redundancy ensures that experiment planning is not impaired 
by the limited availability of a single system. Reflecting the variety in available instrumentation, the expe-
riments performed in the year ranged from in vivo timelapse experiments spanning several days to the 
high-resolution 3D imaging of multiple intranuclear components.

In the ongoing effort to streamline core facility infrastructures inside PRBB, CRG and the UPF Department 
of Experimental and Health Sciences have agreed to unite the confocal microscopy facility of the UPF 
with the ALMU. Accordingly, the UPF confocal microscope was moved into a location inside CRG and 
the UPF microscopy specialist, Dr. Xavier Sanjuan, moved into the ALMU office.

The total microscope usage time of the joint unit in 2010 reached 17750 hours (16525 CRG + 1225 
UPF), corresponding to more than eight hours of daily usage per microscope system. The usage has 
grown by 27% compared to the year before, reflecting the continuing high need for light microscopy by 
CRG and PRBB researchers. During the year, 123 users from 24 of the CRG research groups have used 
the unit. On average, 53 users from 20 CRG groups worked on the microscopes every month. Additio-
nally the unit was used by 74 users from 15 groups from UPF and IMIM. 
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During the year, the ALMU staff has participated in teaching masters courses of the Universitat Pompeu 
Fabra (UPF), as well as in microscopy courses in other Barcelona universities. They have continued to 
participate as speakers and instructors in courses, workshops and seminars at institutes in Spain and in 
other European countries.

In October the unit hosted the Leica International Advanced Confocal Microscopy Course, a four-day 
course for 12 selected participants from several countries. It focused on measuring Fluorescence Re-
sonance Energy Transfer using confocal and lifetime methods and was supplemented by three open 
lectures of leading researchers in that area.

Together with Doris Meder (head of Core Facilities) and Raul Gomez (Screening/Robotics Unit), the head 
of the unit, Timo Zimmermann, co-organised in May a technology seminar on High Content Screening 
Methods that brought together four high level speakers from that field.

As a follow-up on this subject, the ALMU co-organised and hosted a joint workshop of the companies 
Leica (Spain) and Cytoo (France) that showcased the new confocal screening software HCS A by Leica 
and the technology of micropatterned glass coverslips that generate reproducible single cell shapes by 
Cytoo. Both technologies are now available in the facility.

Together with Doris Meder, Timo Zimmermann, co-organised in December a technology symposium on 
Super-Resolution Light Microscopy that brought together three international high level speakers from 
that field from Spain, France and Germany.

The ALMU is participating in EuroBioImaging, an initiative of the biomedical imaging field that has been 
recently accepted for the preparatory phase of the ESFRI roadmap. Timo Zimmermann is currently the 
national contact person for Spain for biological imaging in this intiative. He organized and hosted a mee-
ting of Spanish light microscopy units in June at the CRG that was attended by 40 microscopy specialists 
from 29 institutes all over Spain. In this meeting, EuroBioImaging was presented by the visiting project 
manager Antje Keppler and the formation of a Spanish Light Microscopy Network was discussed. 

Together with the Institute for Photonic Sciences (ICFO) in Castelldefels, CRG has formed an alliance for 
super-resolution light nanoscopy that will provide access for Spanish researchers to this new technology. 
Together, the two institutes provide the only two currently available STED systems in Spain, as well as a 
range of other super-resolution microscopy methods that are currently unmatched in Spain.

Fig 1. 
Usage statistics 2008-2010 of the 

Advanced Light Microscopy Unit
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SUMMARY

The High-Throughput Screening (HTS) Unit provides robotic equipment for the automation of complex 
assays which require processing of multiple samples and high-content screening services for a number of 
research projects. The facility is equipped with state of the art instrumentation, which allows measurement 
of all typical screening assay signals such as fluorescence and luminescence. The experienced personnel 
of the HTS Unit provides also the necessary know-how for efficient assay optimization and execution, 
training of the researchers on the instruments and assistance with subsequent data analysis. 

FACILITY OVERVIEW

In 2010 the Unit has successfully performed two high-throughput RNAi screenings.  One of the screens 
concerned the validation of hits which had previously been identified in the first genome-wide RNAi 
screen carried out in 2009 as part of a project of Vivek Malhotra’s laboratory. The goal of the experiment 
was to identify genes implicated in mucin synthesis and secretion. The respective assay was based on 
immunodetection of mucin coupled to a sensitive luminescence readout. 

The second genome-wide RNAi screen was performed in collaboration with the laboratory of Juan Val-
carcel.  The aim of this experiment was the identification of genes influencing alternative splicing using 
the Fas receptor as model system. The screening consisted of three major steps that were automated: 
1) transfection of the siRNA library (ca. 21,000 genes); 2) preparation of cell lysates and RNA extraction 
using the mRNA Catcher™ PLUS system (Invitrogen), and 3) dispensing reagents for reverse transcrip-
tion and conventional barcoded PCR amplification for subsequent sequencing quantification using the 
Illumina/Solexa technology.

Table 1. 
Shows the workflow and timelines 

of the two screenings.
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In addition to the two genome-wide screens, an automated ELISA was developed to determine the titer 
of 200 antibodies developed within the CRG antibody project. The same sera were also characterized by 
immunofluorescence staining which was performed using one of the liquid handler platforms available in 
the Unit.  A fluorescence-based cell viability assay has been set up as well for this program that can be 
offered to other projects.

In order to further enhance the capabilities of the HTS platform, a Tecan Freedom EVO liquid handling 
system was acquired which is a fully automated robotic screening station. This system will be used 
together with the Protein Services Unit for cloning, expression screening, small-scale protein purifica-
tion and also for diverse range of applications including primary and secondary screening and library 
management.

Finally, in 2010 the vacant Head of Unit position was filled with the recruitment of Renza Roncarati who 
will assume responsibility in January 2011.  
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SUMMARY

The Bioinformatics core provides expertise in bioinformatics, statistics, data analysis, and scientific soft-
ware development to support CRG, PRBB, and external research groups. The team periodically organi-
zes courses to train biologists on the use of bioinformatics resources. 

FACILITY OVERVIEW AND SERVICES

Established in September 2009, the Bioinformatics Unit was finally up-and-running at the beginning of 
2010 after the recruitment of additional members and the set-up of first key equipment - such as a disk 
server with 360 TB, a cluster with around 500 cores and several servers dedicated to different tasks. 

During this year, the team has contributed to several research projects by providing support and ex-
pertise in programming and advanced data analysis, focusing primarily on high-throughput genomics 
(including microarrays, genotyping, and next-generation sequencing) and proteomics technologies. All 
methodologies developed and implemented in collaboration with the colleagues from other core facilities 
and research groups are therefore offered as data analysis services to new users.

Due to high request of microarray and methylation arrays analyses, the team developed different pipe-
lines using various packages from R and Bioconductor that support Illumina, Affymetrix, and Agilent 
platforms. The analysis workflow consists of data preprocessing, normalization, and statistical inference. 
Then, identified gene lists can be further investigated by applying various downstream methods to inter-
pret the biological significance, including gene set enrichment, over-representation of biological functions 
using ontology terms, and pathways analysis. Pattern discovery tools (de novo and not) are used to look 
for sequence motifs shared in upstream regions of co-regulated genes.

Regarding next-generation sequencing, the team has already implemented several methods for the 
analysis of a wide range of applications including: ChIP-seq using chromatin immunoprecipitation to 
identify binding sites of DNA-associated proteins, such as transcription factors, histone marks, polyme-
rase, among others; RNA-Seq transcriptome analysis to detect novel and rare transcripts (both coding 
and non-coding), alternative splicing variants, RNA editing, and expression levels; DNA re-sequencing 
(whole genome and target-enrichment/exome sequencing) to study genetic variation, such as SNPs, 
copy number changes, and chromosomal rearrangements; Hi-C using genome-wide chromosome con-
formation capture to detect long-range interactions between chromatin segments; de-novo genome and 
transcriptome sequencing and relative functional gene annotation analysis. 

Additionally, the unit has started a close collaboration with the Proteomics Unit to investigate different 
extraction tools, not only in respect to a side-by-side comparison but also to understand optimal settings 
for extraction of tandem MS data. 
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As further important commitment, the team has been responsible for the development of scientific data-
bases and web interfaces. After the evaluation of several commercially available laboratory management 
tools, the unit has been working on the adoption and deployment of easy-to-use Wikipedia-like systems 
intended for an accurate tracking and management of the different laboratory processes in the core 
facilities and other internal services. Another important achievement has been the development of a 
website comprising all the data generated by Prof. Luis Serrano’s laboratory during their systems biology 
studies on Mycoplasma Pneumoniae. The huge effort in the integration of genomics, transcriptomics, 
proteomics, and metabolomics data will be used as basis for the development of future databases for 
the study of other bacterial genome projects.

Finally, the team has dedicated initial efforts to the organization of tutorials to train biologists on the use 
of common bioinformatics resources as well as on basic programming skills. 

* joined during 2010

PUBLICATIONS

Sanseverino W*, Roma G*, De Simone M, Faino L, Melito S, Stupka E, Frusciante L, Ercolano MR.
“PRGdb: a bioinformatics platform for plant resistance gene analysis.” 
Nucleic Acids Res, 38(Database issue): D814-21 (2010). [* joint first authors]

Romito A, Lonardo E, Roma G, Minchiotti G, Ballabio A and Cobellis G. 
“Lack of Sik1 in Mouse Embryonic Stem Cells Impairs Cardiomyogenesis by Down-Regulating the 
Cyclin-Dependent Kinase Inhibitor p57kip2.” 
Plos One, 5(2):e9029 (2010).
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SUMMARY

Flow Cytometry is a technology that measures multiple cell parameters based on fluorescence emission 
of each cell in suspension at rapid rate (more than 50.000 events/s). This multi-parametric analysis (up to 
18 biological parameters simultaneously) gives a high accurate cell phenotype and the possibility to sort 
up to four different subsets of cells at the same time.

The facility is operated by UPF since 2001 and the CRG/UPF Joint Flow Cytometry Unit starts on 
September 2009, officially from March 1st 2010. 

The provided services and instrumentation to PRBB and external users, covers most of Flow Cytome-
try applications from simple to multicolour flow analysis (See figure 1A for maximum available colours/
fluorescence). 

The personnel assist users for experimental, project planning and advisement as well as the required 
training for self-service instrumentation usage. Data analysis support is also provided to users.

The CRG/UPF joint facility becomes a wide facility in terms of equipment (figure 1B), consisting on 5 
analyzers and 2 cell sorters as follows:

> Cytometers (analyzers): 
 FACScan  (UPF) (1 laser and 3 fluorescences) 
 FACScalibur (UPF) (2 laser and 3+2 fluorescences)
 LSR 1 (UPF) (3 laser and 3+2+2 fluorescences)
 FACScanto (CRG) (2 laser and 4+2 fluorescences)
 LSR2 (CRG) (4 laser and 4+2+2+2 fluorescences)

> Cytometers (cell sorters):
 FACSvantage (UPF) (3 laser and 3+2+2 fluorescences)
 FACSAria (CRG) (5 laser and 5+5+3+3+2 fluorescences)

A

B

Fig. 1. 
Instrument features. (A) General optical 

configuration summarizing available fluo-
rescence wavelength detection and related 
parameters/fluorescence by laser type. (B) 
Principal features of available instrumenta-
tion, laser type and fluorescence detector 

capacity per instrument.
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Current equipment offers the possibility to fit most flow applications on any instrument but since Flow 
Cytometry is continuously in development, new fluorochromes and applications are daily appearing, 
users demand falls on most advanced instruments. Since the old cell sorter can only fits simple assays 
with classic flourochromes the incorporation of a last generation cell sorter was acquired on September 
2009 increasing technical possibilities, covering most of cell sorting applications.

The Flow Cytometry demand has increased a lot (from 2009 to 2010) duplicating the analyzers usage 
hours from 1700 to 3500 (figure 2A). Cell sorting was more than three times from 300 hours (2009) to 
1100 (2010) (figure 2B). 

During the year the facility staff has participated in teaching masters courses of the Universitat Pompeu 
Fabra (UPF) as well as in the Spanish BD FACS Users Forum as speaker in basic and clinical Flow 
Cytometry.

Fig. 2.
Facility statistics. General statistics com-
parison between 2009 and 2010. Amount 
of hours per month and year of analyzers (A) 
and cell sorting (B).

A

B
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SUMMARY

The Histology Unit was established in 2007 to provide the CRG with the histopathological analysis re-
quired when analyzing tissues, and research based on in vivo models. Studies involving developmental 
biology, mechanisms of homeostasis, and pathology, require an in depth analysis of the morphological 
and molecular characteristics of the tissue under study. A common tool for these studies is to generate 
animal models that may recapitulate a specific process or a particular disease. The histological and 
immunohistological analysis are required to establish changes in the citoarchitecture, morphology of the 
tissue, and the specific molecular modifications that cause and accompany these. Immunohistochemis-
try is an essential tool to determine the localization of proteins and RNAs at the tissue and cellular level. 
To this respect, the main goal of the Histology Unit is to perform and optimize histological 
processing and analysis of the tissue, from experimental animal models and human origin. The 
unit also provides mentoring and training in common histological techniques, in close association with 
the different groups at the CRG. 
 

SERVICES

The aim of this unit is to provide researchers with assistance in the histological processing and analyzing 
of samples derived from in vivo models. The unit centralizes and performs all the histological analysis 
of the CRG and works in close association to the Animal Unit of the PRBB (Headed by Dr. Juan Martin 
Caballero). It provides the following services:

> Preparation of paraffin embedded samples. 
> Sectioning of paraffin embedded, fresh and frozen samples.
> Common histological stainings.
> Immunohistochemical staining of paraffin embedded and frozen samples (starting mid 2010).
> Full post-mortem histopathological analysis of the mouse models. 

The unit also provides researchers with the necessary equiment and material to perform their own histo-
logical preparations, processing and analysis, as well as with experimental planning and training. When 
required, custom analysis routines will be designed. 

In 2010, we implemented a new service to perform full Postmortem Histopathological analysis of mouse 
models. This service is provided externally, but in collaboration with the unit, by Dr. Juana M. Flores 
(Professor of Pathologic Anatomy and Director of the Department of Medicine and Surgery, Faculty of 
Veterinary Medicine, Universidad Complutense de Madrid) in association with the CRG. 
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Due to the exponential increase in the demand of services that the unit had during 2008-2010, we suc-
cesfully applied for, and obtained, funding to the Ministry of Health (MICINN) to hire a second technician 
for the unit in 2009, Marina Nuñez Alfonso. In addition, in 2010 we obtained a second technician position 
financed by the MICINN, to stabilize the contract of Alexis Rafols Mitjans.  

In 2010 we also started to implement and set up immunohistochemical staining of OCT embedded 
frozen sections, paraffin sections and fresh tissue. We expected that in 2010 this service to be fully ope-
rational for all users. Although there has been little demand for this service we intend on maintaining this 
service should any researcher at the CRG require it. 

EQUIPMENT

> Two cryostats: Sectioning of frozen tissue blocks.
> Two microtomes: Sectioning of paraffin blocks.  
> Two vibratomes: Sectioning of fresh tissue. 
> Two histological water baths: For paraffin embedding and sectioning. 
> Paraffin dispenser, hot and cold plate: Paraffin embedding. 
> Autostainer (Leica): Performs histological staining of frozen and paraffin sections. 
    Can perform over 250 stainings per day in an automated manner. 
> Tissue Processor (Leica): Automated paraffin embedding. 
    Provides the unit with the potential to embed 100 blocks of paraffin a day.   
> Shaker and Precission balance. 
> One Olympus BX51 microscope and an Olympus DP70 digital camera. 
    The microscope incorporates two softwares, Neurolucida-mbf bioscience, MicroBrightField, Inc.; 
    and CAST-Olympus which allow to study cellular morphology and 3D reconstruction of tissue by 
    sterological analysis. 
> Movable Fumehood. 

Most of the tissue processing equipment is duplicated to enable both technicians to work simulta-
neously. This has allowed us to greatly speed up the time required for finishing a requested service, 
thereby reducing waiting times and waiting list. Currently, the average time required for a medium sized 
service does not exceed four days. 

FUTURE SERVICES

We had discussed during 2010 with all the users of the unit the feasibility and possible demand for 
providing in situ hybridization services (detection of RNAs on tissue sections). Although there is an 
internal demand, establishing this service would require a new separate RNAse free laboratory, for which 
at the moment the CRG has not the capability to provide the space. A second service discussed with 
the users is Laser capture microdissection. Since this service is already provided with the IMIM, we 
have discussed with the IMIM Administration (Montserrat Torá) the possibility that their unit provides such 
service to CRG users. 
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SUMMARY

The CRG Protein Service team produces and purifies proteins (mostly from E. coli) for CRG researchers. 
The Service performs different types of experiments, from the preparation of the initial expression vectors 
to screening of diverse expression conditions to protein purification on milligram scale using diverse 
chromatographic methods. A new multi-functional robotic platform (TECAN EVO200) was implemented 
in 2010 to automate a wide range of molecular biology applications in high-throughput format, including 
PCR preparation, cloning methods, bacterial transformation protocols, protein expression screening and 
small scale purification experiments. Finally, several instruments are available to study biophysical proper-
ties of proteins and nucleic acids such as stability, folding, kinetic parameters, and molecular interactions. 

Upon request, the CRG Protein Service also offers practical training on how to use chromatography 
systems. 

MAJOR PROJECTS AND ACHIEVEMENTS

In 2010, the CRG Protein Service performed more than 30 projects in collaboration with ten CRG labo-
ratories. Most of the experiments aim at determining optimal expression conditions and purifying target 
proteins for antibody production, functional assays and/or biophysical characterization. 

One of these projects is in the frame of the FP7 European project PROSPECTS (Proteomics in Time 
and Space), in which the Serrano lab is partner. The overall aim is to quantitatively characterize the 
epidermal growth factor receptor (EGFR) signaling pathway, the most important pathway that regulates 
growth, survival, proliferation, and differentiation in mammalian cells. Most types of tumors have been 
found associated with mutations in the EGFR system. Currently, 177 proteins have been shown to be 
involved in the EGF signal transduction pathway. The Protein Service screened the expression of all the 
177 proteins in two different bacterial strains and with different expression conditions. 126 proteins were 
successfully purified and used by the Serrano team to determine absolute protein concentrations in 
different cell lines.

The Protein Service and the Bioinformatics Core facility have developed and implemented the Protein 
Wiki. The Protein Wiki is online tool that allows management of user requests, experiments, results and 
data. The tool also provides an easy interface for the user to follow on the experiments and receive an 
electronic output. The Protein Wiki contains main protocols on protein expression and purification to be 
shared with the users. 
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In efforts to understand the mechanisms of C/EBPa induced reprogramming of pre-B cells into ma-
crophages several ongoing collaborations exist between the Graf group and other groups at the CRG.  
The first one is based on the murine system developed earlier (Bussmann et al, Cell Stem Cell, 2009) 
and concerns the question about whether transdifferentiation involves the re-positioning of nucleosomes 
genome-wide. For this purpose Laura Gaveglia in Miguel Beato’s group has digested chromatin of unin-
duced and induced cells with micrococcus nuclease and isolated mononucleosomes whose DNA was 
analyzed by deep sequencing. Preliminary data, as analyzed by Giancarlo Castellano, showed major 
differences.  Current experiments are aimed at reproducing these results and to obtain data of higher 
resolution, using DNAs from different time points. 

The second collaboration is with Heinz Himmelbauer and Cedric Notredame and is based on the ob-
servation that reprogrammed macrophages can revert into pre-B cells at low frequencies, exhibiting 
chromosome translocations. This raises the possibility that C/EBPa induces chromosome aberrations 
during myeloid differentiation. To study this, the DNA of induced cells is being analyzed by paired end 
sequencing and compared to noninduced cell DNA.

A third project uses the transcriptome data obtained from mature human B cells (a Burkitt’s lymphoma 
line) transdifferentiated by C/EBPa into macrophages, a system recently developed by Francesca Rapino 
of the Graf lab. Kiana Toufighi in Luis Serranos’s group is performing a systems biology analysis of the 
changes in gene expression during reprogramming, comparing them with changes in gene expression 
of human epithelial stem cells differentiating into keratinocytes.  The aim is to identify genes that are 
deregulated during differentiation/transdifferentiation in different cell systems.

A fourth collaboration, also using the human transdifferentiation system, involves Rory Johnson, a staff 
scientist in Roderic Guigo’s group. Rory has analyzed the RNAs from the transdifferentiating cells to 
identify long noncoding RNAS that change in expression, using a customized array made by the group. 
A number of such RNAs have been identified and experiments are ongoing to determine whether their 
knockdown or overexpression influences the switching behaviour of the transdifferentiating cells, and 
perhaps cause changes in the expression of nearby genes.
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HIGHLIGHTS

GENE REGULATION PROGRAMME

New functions for new genes: non-coding RNAs get into the action

Thanks to the new technological advances in genome sequencing, we know that a major portion of the 
genome is being transcribed but only a small portion of this transcriptome contains the protein-coding 
sequences. So, even the long non-coding RNAs constitute a large portion of the mammalian transcrip-
tome, their cellular functions remain elusive.

Scientists have already described the role of some small RNAs in gene regulation but they still know a few 
about the long ones. Long non-coding RNAs are transcripts longer than 100 nucleotides. For a number 
of these non-coding RNAs, the authors show that their presence increase the synthesis of nearby pro-
teins involved in crucial processes in development and disease. 

The work, published in Cell, has been led by Ramin Shiekhattar, group leader at the Centre for Genomic 
Regulation (CRG) in Barcelona and now at the Wistar Institute and co-authored by Cedric Notredame 
and Roderic Guigo from the Bioinformatics and Genomics Programme at the Centre for Genomic Re-
gulation (CRG). 

Shiekhattar and collaborators have seen a new role for a class of long non-coding RNAs in positive 
regulation of protein-coding genes. ”This seriously challenges our understanding of genes and how the 
human genetic network is regulated” says Dr. Shiekhattar and adds, ”we are happy to contribute another 
important piece to the puzzle”.

”Positive regulation of proteins mediated through RNA is a completely new finding” exclaims Ulf Ander-
son Ørom, first author of the paper. DNA regions have been known for many years to confer both ne-
gative and positive regulation of protein synthesis. “The fact that RNA is much easier to manipulate than 
DNA could mean that this discovery has a vast therapeutic potential” explains Ørom.

Research, using a combination of computational analysis and laboratory experiments, lead to these 
intriguing findings. “10 years after the Human Genome Project this work illustrates how new databases 
like ENCODE and Havana, established with high throughput sequencing techniques, can be used to 
address key biological questions. It is also a showcase of how these new technologies bring together 
wet lab and in silico biologists.” states Cedric Notredame, group leader at the CRG Comparative Bioin-
formatics group.

Reference: 
Ørom UA et al. 
“Long Noncoding RNAs with Enhancer-like Function in Human Cells”. 
Cell, 143(1):46-58 (2010).
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HIGHLIGHTS

DIFFERENTIATION AND CANCER PROGRAMME

“To be or not to be, that is the question”: The role of the ZRF1 gene in embryonic 
development and carcinogenesis

“To be or not to be, that is the question”… During embryonic development, cells undergoing multiplica-
tion have to decide what type of cells they will become. For example, they have to decide whether they 
will be neuronal, muscular, or epidermal cells. At this point, it is as important for the cell to understand 
what it should become as what it should not become and therefore a tight control of gene expression is 
required. In order to coordinate and direct the destined of the stem cells, certain genes are responsible 
for activating and deactivating other genes that define their specialty during development and that also 
may be involved in cellular renewal for tissue and organ maintenance. 

As described in the work published in Nature, ZRF1 is one of the genes that coordinate this regulation in 
embryonic development. The work has been done by the “Epigenetic events in cancer” group, lead by 
Luciano Di Croce at the Center of Genomic Regulation, in collaboration with the Pompeu Fabra Univer-
sity, the Nagasaki University School of Medicine and the Freiburg University.

“We know that ZRF1 is present at high levels in cells during their development as well as in altered cancer 
cells. Now for the first time we understand that its presence is essential for controlling cellular destiny 
and memory”, commented Di Croce. He also explained, “When ZRF1 is active, the proteins that block 
transcription of the genes that determine the destiny of the cells are removed. This allows the cells to 
begin on their path towards specialization”. 

If the gears that control the cellular destiny no longer function, this unleashes problems in the cell since it 
is converted to a uncontrolled cell. “Now that we know why ZRF1 is important, we would like to identify 
the specific genes that are being controlled to see in which part of the genome they are located” ex-
plained Holger Richly, the first author of the study. This would permit the researchers to identify further 
genes that may be involved in the differentiation process. “Understanding in detail the gene that we are 
studying would open up good perspectives to better understanding the processes of tumor formation 
and carcinogenesis in the long run. ZRF1 is a highly conserved gene that is found in a large variety of 
organisms, from yeast to mammals, which makes it a perfect candidate for investigating these proces-
ses” added Di Croce.

Reference: 
Richly H et al. 
“Transcriptional activation of polycomb-repressed genes by ZRF1”, 
Nature, 468(7327):1124-8 (2010).
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HIGHLIGHTS

GENES AND DISEASE PROGRAMME

A new mechanism involved in the regulation of stem cells in the adult brain

Collaboration between a group from the University of Valencia –led by Isabel Fariñas– and one from the 
Centre for Genomic Regulation (CRG) in Barcelona –headed by Mariona Arbonés- has led to the identi-
fication of a new biological mechanism involved in the maintenance of the stems cells found in the adult 
brain and which are responsible for the continual generation of new neurones. The study was published 
in the prestigious Cell Stem Cell journal and in it is described how the cellular quantity of a kinase protein, 
known as Dyrk1A, determines the correct replication of neural stem cells.

Stem cells present in adult tissues, such as the brain, skin or bone marrow, contribute to the cell renewal 
of these tissues throughout an individual’s lifetime. One of the basic questions in stem cell research is 
how these cells divide to produce to two daughter cells, one of which retains the plastic characteristics 
of the stem cell while the other differentiates. In the study, it was shown how the kinase Dyrk1A present 
in a neural stem cell is distributed evenly or unevenly between the daughter cells and how the cell which 
inherits the Dyrk1A protein retains the same properties as the parent cell, while the cell receiving less 
Dyrk1A changes its response to exogenous signals, loses its pluripotency (the capacity to generate the 
distinct cell types of the brain) and begins to differentiate. 

The work also revealed how a reduction in the amount of gene DYRK1A compromises the maintenance 
of the stem cell populations in the adult brain. The encoding gene for protein Dyrk1A in humans is found 
on chromosome 21, in the area known as the “Down Syndrome Critical Region” and is considered to be 
one of the candidate genes for explaining some of the neurological alterations associated with this syn-
drome. Moreover, individuals which have only one functional copy of gene DYRK1A exhibit microcephaly, 
evidence of the importance of this molecule in brain development. Although the current research is being 
undertaken on adult mice and does not afford information to explain the alterations produced during the 
neural development of those affected by the aneuploidy of chromosome 21, it does indicate that the 
amount of molecule Dyrk1A is fundamental for the correct development of many neurological aspects. 

Reference: 
Ferrón SR et al. 
“Regulated segregation of kinase Dyrk1A during asymmetric neural stem cell division is critical for 
EGFR-mediated biased signalling”, 
Cell Stem Cell, 7(3):367-379 (2010).
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HIGHLIGHTS

BIOINFORMATICS AND GENOMICS PROGRAMME

Big bang in the protein universe

Almost 100 years ago Edwin Hubble observed that distant galaxies are moving away from Earth faster 
than those that are closer. This relationship between distance and velocity is widely cited as evidence of 
the origin of the Universe from a Big Bang. Researchers at the Centre for Genomic Regulation copied his 
approach to investigate the divergence between protein sequences.

“We wanted to know if the divergent evolution between proteins was still proceeding. Today, we can 
find proteins that are still similar after almost 3,5 billion years of evolution. Our study showed that their 
divergence continues with these proteins becoming more and more different despite their incredible level 
of conservation”, said Fyodor Kondrashov, principal investigator of the project and leader of the Evolu-
tionary Genomics group at the CRG.

The work done by Fyodor Kondrashov and Inna Povolotskaya goes beyond similarity studies and dis-
cusses the evolution of proteins from the view of evolutionary dynamics, offering a new perspective on 
how protein structures are maintained in evolution. “In the same way that Hubble’s observations led to an 
understanding of the past and the future of our universe, using his approach at a molecular level we get 
a similar overview that gives us the ability to analyze evolutionary dynamics and get a broad prediction of 
the possible changes to the proteins in the future”, says Inna Povolotskaya, first author of the work and 
responsible for obtaining and analyzing all data.

Proteins are formed through combinations of amino acids, with only 20 types of amino acids are availa-
ble to form a particular protein. To obtain the data for their study, the CRG researchers have compared 
proteins sequences from different species that were available in GenBank, a public database of genetic 
information. Comparing these sequences the authors measured the distance of proteins from each other 
and devised a method for measuring how fast the proteins are accumulating different changes. Thus, 
they could replicate Hubble’s approach by correlating the distance between the proteins with the rate of 
their divergence. The result indicates that even the most distantly-related proteins are still accumulating 
differences.

The study shows how new techniques of bioinformatics and computational analysis can also expand 
knowledge at a molecular level. “Our work is a good example of how we can learn new and very fun-
damental things just by analyzing a larger volume of data that can be obtained by one experimental 
laboratory”, says Kondrashov.
 
Most changes in a protein are deleterious because they somehow disrupt its structure or function. The 
authors observation that even very conservative proteins are still diverging challenges this view, because 
it implies that most amino acids in a protein can be changes without any ill effects. Their explanation 
is that amino acid changes that are deleterious in one combination can be benign when occurring in a 
different one. “Thanks to our study we now have a better understanding of protein structure dynamics” 
declares Kondrashov. It may provide a new perspective to groups working on protein structure to find 
new targets for design drugs, etc.  

Povolotskaya & Kondrashov study also provides new information on how different interactions between 
different amino acids in the structure of proteins slows down but does not completely prevent evolution. 

Reference: 
Inna S. Povolotskaya & Fyodor A. Kondrashov. 
“Sequence space and the ongoing expansion of the protein universe”
Nature, 465(7300):922-926 (2010).
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HIGHLIGHTS

CELL AND DEVELOPMENTAL BIOLOGY PROGRAMME

A new secretory pathway for proteins

Proteins that contain a signal sequence are targeted to the endoplasmic reticulum (ER). In the ER, the 
signal sequence is cleaved and, if and when permitted, the secretory proteins are exported to the Golgi 
apparatus. Within the Golgi, the cargo is sorted and thence transported to various cellular destinations 
including the extracellular space. The eukaryotic cells, however, utilize another, unconventional, mode of 
protein secretion. Proteins following this route lack a classical signal sequence for entering the ER and 
their secretion is independent of entry into the Golgi membranes. How is this achieved?

In this a paper, which is published in the Journal of Cell Biology, the CRG researchers reveal the stops 
in the unconventional secretion of a protein called Acb1 in yeast. This paper reports the identification of 
genes involved in this pathway of unconventional secretion. Based on their data, they propose that Acb1 
is secreted by a specific class of autophagosomes. Autophagosomes are compartments that capture 
cytosolic material for degradation in the lysosomes. However, unlike all other autophagosomes that fuse 
with the Vacuole thus degrading the contents, Acb1 containing autophagosomes are delivered to the 
cell surface. In other words, the Acb1 containing autophagosomes evade fusion with the vacuole. These 
autophagosomes fuse with an early endosomes and mature into a multivesicular body (MVB). MVB’s 
then fuse with the cell surface and release Acb1 in the extracellular space.

Acb1 is required for the synthesis of steroids in the mammalian cells and the secreted form has a role 
in controlling a number of neurological conditions such panic disorder, depression, addiction, and to 
regulate high glucose dependent insulin secretion. Understanding the mechanism of Acb1/DBI secretion 
and its mechanism of action is therefore of fundamental interest for normal physiology and a variety of 
human pathologies.

Reference: 
Duran JM et al. 
“Unconventional secretion of Acb1 is mediated by autophagosome”. 
Journal Cell Biology, 188(4):527-536 (2010).



HIGHLIGHTS

SYSTEMS BIOLOGY PROGRAMME

New sucess for computational biology: new discoveries about the limb development 

The study of extremity development in vertebrates has often been used as a model system for spatial 
control in cell formation. At the beginning of their development, the extremities of vertebrates are basi-
cally protuberances of undifferentiated cells with no determined function. As the development advances, 
between several hours and some days depending on the species, these cells mature until they become 
specific types of cell, for example, bone, muscle, nerve or blood cells. At the same time, the cells divide 
and migrate collectively, changing the size and shape of this protuberance until the extremity is fully de-
veloped. Part of this transformation is the elongation of the extremity along the proximodistal axis, which 
was the object of study of the researchers from the Centre for Genomic Regulation (CRG).

Classical experiments try to explain extremity development based on the observation of the number of 
cell divisions and cellular density throughout the extremity during its development. The most accepted 
hypotheses support the idea of the existence of a cellular proliferation gradient over which the distal cells 
(those furthest from the body) divide faster than the others, provoking the elongation of the extremity. 
In other words, the theory proposes that the cells must know where they are (further or closer from the 
body) but they do not have to know which direction they are pointing. 

Researchers from the Systems Analysis of Development laboratory of the Centre for Genomic Regula-
tion have studied the development process of the extremities from new angles, which have allowed the 
observation of important factors in the development of the limb. Specifically, the group lead by James 
Sharpe has, for the first time, obtained quantitative and comprehensive data about cellular proliferation 
and density. Instead of a traditional description, the data set is composed of numeric values collected for 
the whole organ, enabling the construction of a three-dimensional computer model of the development 
of the extremity. The work, published in the journal PLOS Biology, presents the first three-dimensional 
replica of the growth of an extremity, which allows a realistic simulation of its development. 

Thanks to this model, the researchers have observed the existence of new factors to take into account to 
explain the formation of the extremities. Although previous work suggested that the individual behaviour 
of the cells did not have to be directional and explained the elongation of the extremities by a cellular 
proliferation gradient (the distance of each cell to the body determining the speed of division), the work 
of Sharpe and his collaborators reveals that non-directional factors are insufficient to explain the resulting 
elongation of the limb. “We have observed that in order to develop properly, the cells must point in the 
carefully controlled directions” explains Bernd Boehm, the first author of the work.

“Our project has revealed new important factors for extremity development which until now have not 
been taken into account” affirms the ICREA research professor and chief of the Systems Analysis of De-
velopment group of the CRG, James Sharpe. “Experimental data are no longer sufficient and computer 
models and simulations are here to stay”, he adds. “New microscopic technology and optical projection 
together with computational analysis of experimental data allow us to create useful models to study 
processes in much more depth” concludes Sharpe. 

Biological research is becoming more and more multidisciplinary and this study is a good example. The 
work of James Sharpe and his team proposes a model to explain a process, which takes place during 
the development of the extremities and which is common to the development of other organs, so the 
data obtained can be extrapolated to these too. To enable this, within the Systems Analysis of Develop-
ment lab biologists, bioinformaticians, physicists and even engineers work together. 

Reference: 
Boehm B at al. 
“The Role of Spatially Controlled Cell Proliferation in Limb Bud Morphogenesis” 
PLOS Biology, 8(7):e1000420 (2010).
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Appendix 1

IX CRG ANNUAL SYMPOSIUM

“Medical genome sequencing: understanding the genomes of disease” 

The CRG symposia have always been highly successful at bringing together the best scientists in their 
fields. The ninth edition of the symposium, held on 28th and 29th October 2010, aimed to establish a 
forum for capturing the latest advances in genomic sequencing technologies and their various medical 
applications. The two-day meeting “Medical Genome Sequencing: Understanding the Genomes of Di-
sease” featured talks by international keynote speakers outlining the current status of medical sequen-
cing, and setting out the technological challenges ahead.

Revolutionary developments in genome sequencing technology will soon enable us to sequence an 
entire human genome at an affordable price and within a short time frame. At present, high-throughput 
sequencing technology is increasingly being applied in basic biomedical science and is being validated 
for diagnostic sequencing of a small number of established disease genes. When applied more widely, 
this approach has the potential to elucidate the full genetic background of a given disease, which will be 
of major importance for the accurate classification of diseases and for the design of therapeutic strate-
gies, bringing personalised genomic medicine a step closer.

This symposium aimed to provide the basis for future developments in genomics medicine, with a strong 
focusing on the medical applications of high-throughput genome sequencing. This forum brought toge-
ther some of the world leaders in the fields concerned and was particularly attractive for both the Spanish 
and international scientific communities working in these areas. The symposium was open to everyone 
in the community and included 18 lectures by high-profile speakers, the presentation of 6 papers and a 
poster session, and was divided into four blocks.

The first day of the symposium focused on the presentation of some of the most novel projects being 
carried out in the field of sequencing and genome medicine, and on demonstrating their potential for 
medical application. The second day of the symposium was dedicated to the latest technology in se-
quencing and its potential application. The symposium closed with a visionary session about the future 
of personalised medicine. The intention of the organisers of this forum was to find solutions and create 
synergies at European and international levels which span the full range of actions that could be taken 
by each participant independently. 

All of the attendees agreed that the speakers selected were the world leaders in their respective fields 
and the best for the different sessions into which the symposium was divided. The topics presented and 
the discussions afterwards were of great interest for the scientists from the CRG and the entire scientific 
community in the area of Barcelona in general, as well as for the attendees from the rest of Spain and 
Europe. It is also very important to highlight that contacts were established between the groups of seve-
ral speakers, which may, in the future, develop into collaborative projects.

The high number of attendees (more than 250), the level of the guest speakers and the discussions con-
tributed to the internationalisation of the scientific image of Barcelona, Catalonia and Spain. 

We believe the final result of this symposium was truly interesting for the participants due to the relevance 
and prestige of the experts in this area. The content and format of the symposium worked as a forum, 
clearly suited to attaining these objectives and, for this reason, we consider it to have been a great 
success.
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Appendix 2

PRBB-CRG SESSIONS 2010

19-11-10  Lluís Armengol 
Quantitative Genomic Medicine Laboratories SL, 
Barcelona, Spain 
“Face your next challenge!!! ... market (and sell) your science”

12-11-10  William Schafer 
MRC-LBM, Cambridge, United Kingdom
“Pain circuits in worms”

22-10-10  Gerald Rubin  
Janelia Farm Research Campus, Ashburn, Virginia, USA
“Genetic Tools for Studying the Anatomy and Function of the 
Drosophila Nervous System”

08-10-10  Ueli Schibler 
Dept. of Molecular Biology, University of Geneva, Switzerland 
“The daily rhythms of genes, cells, and organs”

01-10-10  James Hudspeth  
Howard Hughes Medical Institute and Laboratory of Sensory 
Neuroscience, The Rockefeller University, New York, USA
“Making an effort to listen: mechanical amplification by myosin 
molecules and ion channels in hair cells of the inner ear”

17-09-10  David Searls 
University of Pennsylvania, USA
“Molecules, Languages, and Automata”

23-07-10  Tariq Enver
“MRC Molecular Haematology Unit, Weatherall Institute of Mo-
lecular Medicine, John Radcliffe Hospital, Headington, Oxford, 
United Kingdom”
“Transcriptional programming of normal and leukaemic stem cells”

09-07-10  Bjoern Brembs
FB Biologie, Chemie, Pharmazie, Institut für Biologie - 
NeurobiologieFreie, Universität Berlin, Germany 
“Evolved, not engineered: a systems neurobiology”

02-07-10  Stas Shvartsman
Lewis-Sigler Institute for Integrative Genomics, Carl Icahn 
Laboratory, Princeton University, USA
“MAPK signaling in equations and embryos”

21-06-10  Thomas Gregor
Laboratory for the Physics of Life, Princeton University, USA
“The onset of collective behavior in eukaryotic cell populations”

18-06-10  Alberto Sánchez Díaz  
Paterson Institute for Cancer Research, 
Manchester, United Kingdom
“Studying the Regulation of Cytokinesis”

11-06-10  Ana Cuervo  
Dept. of Developmental and Molecular Biology, Marion Bessin Liver 
Research Center, Albert Einstein College of Medicine, New York, USA
“Selective autophagy in aging and age-related disorders”

04-06-10  Angela Nieto 
Dept. of Developmental Neurobiology, Instituto de Neurociencias 
de Alicante, Spain
“Ancestral and derived functions of the Snail/Scratch superfa-
mily in health and disease”

21-05-10  Diego di Bernardo 
TIGEM, Napoli, Italy
“Synthetic Biology and microfluidics to reverse-engineer, model 
and control gene regulatory networks”

10-05-10  Gil Ast  
Laboratory for the Research of the Genome, Sackler Medical 
School, Tel Aviv University, Tel Aviv, Israel 
“When nucleosome meets mRNA splicing”

07-05-10  Wolfgang Zachariae 
Max Planck Institute of Molecular Cell Biology and Genetics, 
Dresden, Germany
“Masters of Reduction: Control of Chromosome Segregation in 
Meiosis”

30-04-10  Stefan Hüttelmaier 
Core Facility Imaging (CFI), Dept. for Molecular Cell Biology, 
Martin-Luther-University Halle, Germany
“To be ‘caged’ or not - Control of mRNA fate by IGF2BPs”

09-04-10  Stefan Thor 
Dept. of Clinical & Experimental Medicine, Linkoping University, 
Sweden
“From neural progenitor to unique neuron: multi-step integration 
of combinatorial information”

26-03-10  Hans Meinhardt 
Max Planck Institute for Developmental Biology, 
Tuebingen, Germany
“Never reaching a steady state: models for highly dynamic intra-
cellular pattern formation”

12-03-10  Giulio Pavesi 
Universitá degli Studi Milano, Dept. Biomolecular Sciences and 
Biotechnology, Milano, Italy
“In Silico Prediction of Transcription Factor Binding Sites: from 
Chips to ChIPs”

05-03-10  Massimo Pigluicci 
Dept. of Philosophy, City University of New York-Lehman 
College, USA
“Toward an Extended Evolutionary Synthesis”

19-02-10  Araxi Urrutia
Dept. of Biology & Biochemistry, University of Bath, 
United Kingdom
“Eukaryotic genome evolution: tales from transcriptomes”

12-02-10  Hyung Don Ryoo 
Department of Cell Biology, New York University School of Medicine, 
New York, USA
“Unfolding pathways of stress response and apoptosis in Dro-
sophila”

29-01-10  Yves Barral
Institute of Biochemistry, Departament of Biology, ETH Zurich, 
Switzerland 
“Role of diffusion barriers in asymmetric cell division”
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PROGRAMME & CORE FACILITIES 
SEMINARS 2010

SYSTEMS BIOLOGY PROGRAMME

28-10-10 Filipa Alves 
Instituto Gulbenkian, Lisbon, Portugal
“Mathematical models for the generation and variation of spa-
tial patterns: examples from cell biophysics and embryo gene 
regulation”

28-10-10 Jaap Kaandorp 
University of Amsterdam, The Netherlands
“Modelling morphogenesis of sponges and corals: from genes 
to organism”

28-10-10 Marten Postma 
University of Amsterdam, The Netherlands
“Robustness, sensitivity and dynamical behaviour of a Droso-
phila gap gene pattern formation model”

15-09-10 Kunihiko Kaneko 
Komaba and ERATO Complex Systems Biology, JST, 
University of Tokyo, Japan
“(1)Evolution of Robustness (2)Pluripotency from itine-
rant gene expression dynamics”

13-09-10 Shigeru Kondo 
Pattern Formation Group, Osaka University, 
Faculty of Frontier Bioscience, Osaka, Japan
“Animal pigment pattern as a example of the non-linear wave 
(Turing pattern)”

07-09-10 Kristian Vlahovicek 
Bioinformatics group, University of Zagreb, Hungary
“Functional analysis of metagenomes”

02-07-10 Alexander Schmidt 
Proteomics Core Facility, Biozentrum, University of Basel, 
Switzerland
“Global protein profiling of microbes using directed mass spec-
trometry: Application to the human pathogen L. interrogans”

01-07-10 Rotem Sorek 
Department of Molecular Genetics, Weizmann Institute of 
Science, Rehovot, Israel
“Discovery of antimicrobials using large-scale genomics”

25-06-10 Patrick Cramer 
Gene Center and Department of Biochemistry, 
Ludwig-Maximilians-Universität München, Germany
“Towards molecular systems biology of gene transcription and 
regulation”

16-06-10 Alison Abbott 
Nature’s Publishing, London, United Kingdom
“Nature and science journalism”

11-06-10 Julio Banga 
Instituto de Investigaciones Marinas, CSIC, Vigo, Spain
“Optimization and optimality in computational systems biology”

04-06-10 Michael Smeaton 
The Johns Hopkins Bloomberg School of Public Health, 
Baltimore, USA
“Initiation of Interstrand Cross-link Repair in Mammals”

03-06-10 Cornelia Fritsch 
University of Sussex, Brighton, United Kingdom
“Functional evolution of the recently duplicated Bone Morpho-
genic Proteins Glass bottom boat and Screw”

02-06-10 Dorothy Dankel/Ana Delgado/Roger Strand 
University of Bergen, Norway
“Understanding, creating and improving life”

25-05-10 José I. de las Heras 
University of Edinburgh, United Kingdom
“A functional antagonism between the pgc germline repressor 
and torso in the development of somatic cells”

17-05-10 Julián Mensch 
Universidad de Buenos Aires, Argentina
“Comparative genomics of evo-devo: signatures of selection 
and constraint along the embryogenesis of Drosophila”

07-05-10 Victor Neduva 
WTCCB, CSBE, School of Biological Sciences, University of 
Edinburgh, United Kingdom
“Architecture of the budding yeast kinome”

12-03-10 David Irons 
Department of Probability & Statistics, School of Mathematics, 
University of Sheffield, United Kingdom
“Robustness of Positional Specification by the Hedgehog Mor-
phogen Gradient”

05-03-10 Jörg Stülke 
Institut für Mikrobiologie und Genetik, University of Göttingen, 
Germany
“Organisation of metabolism in Bacillus subtilis: Evidence for 
the presence of protein complexes in central metabolism”

01-02-10 Clifton E. Barry 3rd 
Tuberculosis Research Section, NIAID, National Institutes of 
Health, Bethesda, USA
“Probing the intracellular metabolism of Mycobacterium tuber-
culosis using qHTS: a systematic approach to target validation”

15-01-10 Mikko Juusola 
Department of Biomedical Science, University of Sheffield, United 
Kingdom
“Bottom-up and top-town processing of information in the Dro-
sophila visual system”

BIOINFORMATICS & GENOMICS PROGRAMME

16-12-10 Javier Herrero 
European Bioinformatics Institute (EMBL-EBI) Wellcome Trust 
Genome Campus, Hinxton, Cambridge, United Kingdom
“Comparative Genomics in Ensembl”
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01-07-10 Mario Cáceres 
Institut de Biotecnologia i de Biomedicina “Vicent Villar Palasí”, 
UAB, Bellaterra, Barcelona, Spain
“INVFEST: Functional and evolutionary analysis of polymorphic”

28-06-10 Eugene V. Koonin
NCBI, NLM, NIH, Bethesda, USA
“The Tree (or Forest?) of Life in the Age of Genomics”

10-06-10 Ori Kalid 
Computational Drug Discovery, EPIX Pharmaceuticals, USA  
“Structure-based discovery of small molecule correctors of del-
taF508 CFTR”

31-05-10 Matteo Bellucci 
Bioinorganic Chemistry Group, Department of Agro-Enviromental 
Science and Technology, University of Bologna, Italy
“Urease and hydrogenase accessory systems from Helicobac-
ter pylori: the role of the metallo-chaperone UreE”

12-05-10 Masha Plyuscheva 
Center for Advanced Studies (CEAB, CSIC), Blanes, Girona
“Bioluminescence and fluorescence in scale-worms (Polychaeta, 
Polynoidae)”

30-04-10 Evgeny Rogaev
University of Massachusets Medical School, Program in 
Neuroscience, Worcester, USA
“Molecular Genetic pathway to Alzheimer’s disease”

29-04-10 Ana Rojas 
Computational Biology and Bioinformatics, IMPPC, Badalona, 
Spain
“A Computational approach to Dna Damage Response”

15-04-10 Seirian Summer
Behavioural & Population Ecology, Institute of Zoology, Zoological 
Society of London, United Kingdom
“Phenotypic plasticity in queen and worker castes of eusocial 
wasps”

09-04-10 Nina Stoletzki 
Centre for the Study of Evolution, School of Life Sciences, University of 
Sussex, Brighton, United Kingdom
“Disentangling selective and non-selective forces @ synonymous 
sites”

11-03-10 Lars S. Jermiin 
CSIRO Entomology, Canberra, Australia
“Comparative Genomics, Phylogenomics, and the Frustrating 
Role of Model Misspecification”

01-03-10 Dan Tawfik 
Department of Biological Chemistry, Weizmann Institute of 
Science, Rehovot, Israel
“How do proteins evolve?”

25-02-10 Ivan Junier 
Institute of Complex Systems, Paris, France
“Genomic organization in the bacterial world”

01-02-10 Federica Batisttini 
University of Sheffield, United Kingdom
“Sequence Selectivity of DNA Wrapping in the Nucleosome”

09-12-10 Martin Vabulas 
Max Planck Institute of Biochemistry, Department of Cellular 
Biochemistry, Martinsried, Germany
“Intracellular proteotoxicity: Amyloid-like Aggregates Seques-
ter Numerous Metastable Proteins with Essential Cellular 
Functions”

25-11-10 Vladimir Saudek 
Sanofi-Aventis Research & Development, Lead Generation 
Compound Realisation, Structure Design & Informatics
“In search of function of FTO, a gene strongly implicated in the 
obesity phenotype”

18-11-10 Benjamin Audit 
Laboratoire Joliot-Curie et Laboratoire de Physique, CNRS, Ecole 
Normale Supérieure de Lyon & Université de Lyon, France
“Spatio-temporal programme of replication and large-scale or-
ganisation of the human genome”

17-11-10 Albert Vilella 
European Bioinformatics Institute (EBI), Cambridge, United Kingdom
“Developing trees in Ensembl”

05-11-10 Ángel Rubio 
CEIT y TECNUN, Universidad de Navarra, Pamplona, Spain
“Integration of miRNA and mRNA expression data using Lasso 
regression”

22-10-10 Arnd Benecke 
IHES, Paris, France
“The Analysis of Non-pathogenic SIV Infection in Natural Hosts 
Exemplifies the Need for New Mathematical Genome Repre-
sentations”

19-10-10 Hernán A. Burbano 
Department of Evolutionary Genetics, Max Planck of Evolutionary 
Anthropology, Leipzig, Germany
“Targeted sequencing of Neanderthal DNA: insights into recent 
coding and non-coding evolution on the human lineage”

16-09-10 Ariel Fernández 
Rice University, Houston, Texas, USA
“Evolutionary insights into the control of drug specificity”

08-09-10 Ralf Jauch 
Genome Insitute of Singapore, Singapore
“Where to Pair? – Cooperativity in Transcription”

22-07-10 Federico Agostini 
Industrial and Molecular Biotechnology, University of Bologna, Italy
“NMR characterization of BpUreE: a metallo-chaperone from 
the urease system”

15-07-10 Bárbara Montserrat 
Barcelona Supercomputing Center, Life Sciences Department, 
Barcelona, Spain
“ReLA, a local alignment search tool for the identification of regu-
latory regions and conserved transcription factor binding sites”

08-07-10 Mark Borodowsky 
Bioinformatics and Computational Genomics,  Georgia Tech, 
Atlanta, Georgia, USA
“Where do We Stand with Gene Finding at a Time of Next Gene-
ration Sequencing?”
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28-01-10 Jack Werren
University of Rochester, New York, USA
“Using Nasonia and Haploid Genetics to Reveal Evolutionary 
Genomic Processes of Adaptation and Speciation?”

CELL & DEVELOPMENTAL BIOLOGY PROGRAMME

19-11-10 Thomas Surrey
Cell Biology and Biophysics, EMBL, Heidelberg, Germany
“In vitro reconstitution of a minimal anaphase spindle midzone”

26-10-10 Stefan Westermann 
IMP, Vienna, Austria 
“Regulation of microtubule plus-ends by the Aurora kinase Ipl1p”

21-10-10 Sophie Jamet 
University of Paris, France
“How to sort out thousand categories of axons? Odorant Re-
ceptors role in the developing olfactory map in mice”

07-10-10 Omar Quintero 
Penn State College of Medicine, Pennsylvania, USA
“Cellular powerhouses on the move: a novel form of myosin-
based mitochondrial transport”

23-07-10 Benjamin Glick 
The University of Chicago, Chicago, Illinois, USA
“A new layer of regulation in the secretory pathway”

01-07-10 Ilya Leventhal 
Kai Simons lab, Max Planck Institute, Cell Biology and Genetics, 
Dresden, Germany
“A new layer of regulation in the secretory pathway”

01-06-10 Ewa Paluch 
Max Planck CBG, Dresden, Germany
“Control of bleb and lamellipodia formation during cell migration”

29-04-10 Christopher Burd 
University of Pennsylvania, USA
“Regulated sorting in the endosomal system”

27-04-10 Alessio Maiolica 
Institute of Molecular Systems Biology, Zurich, Switzerland
“Structural investigation of the Ndc80 complex by chemical cross-
linking and mass spectrometry”

26-04-10 Rachele Allena 
Ecole Centrale, MSSMat Laboratory,  Paris, France
“Drosophila embryo: a multiscale model for cell mechanics”

13-04-10 Yoana Arboleda 
Max Planck Institute of Molecular Cell Biology and Genetics, 
Dresden, Germany
“Mechanical cell properties in germ layer progenitor migration 
during Zebrafish gastrulation”

01-04-10 Claudio Collinet
Zerial Group, Max Planck Institute for Molecular Cell Biology and 
Genetics, Dresden, Germany 
“Systems Survey of Endocytosis by Functional Genomics and 
Quantitative Multi-Parametric Image”

08-03-2010 Laure Saias
Lab de Physico Chimie, Institut Curie, Paris, France
“Development of a new Lab-On-Chip device for rare cell sor-
ting. Toward circulating tumor cell capture and cancer treatment 
orientation” 

04-03-10 Eva Kiermaier 
IMP - Research Institute of Molecular Pathology, Vienna, Austria 
“Construction of an artificial kinetochore in vivo”

GENES & DISEASE PROGRAMME

14-12-10 Ilaria Guella 
Department of Biology and Genetics for Medical Sciences, 
University of Milan, Italy
“Searching for myocardial infarction susceptibility genes”.

10-12-10 Georg Auburger 
Section Molecular Neurogenetics, Goethe University, Frankfurt 
am Main, Germany
“Polyglutamine neurodegeneration, Ataxin-2  and RNA processing”

26-10-10 Hyun Hor 
Centre for Integrative Genomics, “Le Génopode”, University of 
Lausanne, France
“Molecular genetics of narcolepsy”

25-10-10 Charlotte N. Hor Henrichsen  
Group of Prof. A. Reymond, Centre for Integrative Genomics, 
University of Lausanne, France
“Genome structure and gene expression in human and mouse”

20-09-10 Batsheva Kerem 
Department of Genetics, The Life Sciences Institute, The Hebrew 
University, Jerusalem, Israel
“The molecular basis for genome instability in early stages of 
cancer development”

14-04-10 Marc Friedländer
Max Delbrück Center for Molecular Medicine, Rajewsky 
laboratory, Berlin, Germany
“Discovery and profiling of small RNAs using deep sequencing”

11-01-10 Pablo Villoslada
Neuroimmunology Group, Department of Neurosciences, Institute 
of Biomedical Research August Pi i Sunyer, Hospital Clinic, 
Barcelona, Spain
“Development of neuroprotective therapies for brain diseases”

DIFFERENTIATION & CANCER PROGRAMME

09-09-10  Renee Beekman 
Sep of Hematology, Erasmus University Rotterdam, The Netherlands
“Identification of haplo-insufficient genes (HIGs) in AML using 
retroviral insertion mutagenesis”

20-07-10 Gioacchino Natoli 
Department of Experimental Oncology, European Institute of On-
cology (IEO), IFOM-IEO Campus, Milan, Italy
“The epigenome and the control of inflammatory gene expression”.
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15-06-10 Charo Robles 
Department of Proteomics and Signal Transduction, Max Planck 
Institute of Biochemistry, Munich, Germany
“Quantitative proteomics applied to the mammalian circadian clock”

11-06-10 Sofia Francia 
Fabrizio d’Adda di Fagagna’s lab, IFOM Foundation-The FIRC 
Institute of Molecular Oncology Foundation, Milano, Italy 
“A novel role for the RNA-interference machinery in the regula-
tion of the DNA-damage response”

27-05-10 Jessy Cartier 
INSERM U866 “Lipides, Nutrition, Cancer”, Faculté de Médecine, 
Dijon, France
“The influence of cIAP1 on the balance between proliferation and 
differentiation and on the transcription factor E2F-1”

10-05-10 Cornelis Murre 
Division of Biological Sciences, University of California, San Diego,
La Jolla, California, USA
“Regulatory network that underpins the development of early hema-
topoietic progenitors.”

27-04-10 Achim Leutz 
Humboldt University, Berlin-Brandenburg Center for Regenerative 
Therapies, Max-Delbrueck-Center for Molecular Medicine (MDC), 
Berlin, Germany
“Post transcriptional C/EBPbeta modifications and epigenetic switch-
board functions”

24-03-10 Constanze Bonífer 
Division of Experimental Haematology, Leeds Institute of 
Molecular Medicine, University of Leeds, United Kingdom
“Dissecting the molecular principles of gene activation in the 
hematopoietic system using ES cell differentiation”

29-01-10 Jason Doles 
Lab of Dr. Michael Hemann, Department of Biology, MIT, 
Cambridge, USA
“Interrogating chemotherapeutic response in mouse models of 
cancer”

GENE REGULATION PROGRAMME

05-11-10 Rui Gonçalo Martinho 
Instituto Gulbenkian de Ciência, Oeiras, Portugal 
“aPKC is required for spindle orientation during symmetric mitosis”

27-09-10 Cristina Ottone 
CE.IN.GE Biotecnologie Avanzate, Naples, Italy
“The translational repressor Cup promotes germ plasm accu-
mulation and germ cell development in Drosophila embryos”

07-09-10 Antonio Gentilella 
Department of Neuroscience, Temple University School of 
Medicine, Philadelphia, Pennsylvania, USA
“Role and regulation of the co-chaperone BAG3 in cells of glial 
and neuronal origin”

12-08-10 Panagiotis Papasaikas 
Department of Biological Sciences, Carnegie Mellon University, 
Pittsburgh, USA
“Computational and Functional Analyses of Splicing Regulation 
in Drosophilids”

26-03-10 Angela Krämer 
Department of Cell Biology, University of Geneva, Switzerland
“Unsuspected functions for splicing factor SF1”

23-02-10 Andreas Ladurner 
EMBL, Heidelberg, Germany
“Charting the epigenetic landscape- from chemistry-in-action 
to genome-environment interactions”

23-02-10 Javier Martinez 
IMBA, Vienna, Austria
“The power of siRNAs to discover and validate RNA metabolic 
enzymes”

15-ene-10 Sylvia Dyballa 
Universität Tübingen, Interfakultäres Institut für Biochemie, Germany
“Myosin Dependent ER Inheritance and RNP Localization in 
Budding Yeast”

CORE FACILITIES

17-12-10 Paolo Ribeca 
Algorithm Development Group, Centro Nacional de Análisis 
Genómico (CNAG), Barcelona, Spain
“An overview of mapping algorithms for high-throughput se-
quencing”

21-10-10 Luis Gustavo Guedes Corrêa 
Fermentas
Expert Seminar on Molecular Cloning - “Get your clone in 3 days!”

07-10-10 Carsten Schulz 
EMBL, Heidelberg, Germany
“FRET Constructs and Their Development for Applications in 
Cells”

07-10-10 Philippe Bastiaens 
Max Planck Institute of Molecular Physiology, Dortmund, Germany 
“FLIM Applications”

05-10-10 Eike Latz 
Institut für Angeborene Immunität, Universitätsklinikum Bonn, 
Germany
“Molecular mechanisms of NLRP3 and AIM2 inflammasome 
activation”

08-07-10 Guillem Abril / Jaume Palou 
Centre d’Empreses de Noves Tecnologies, Parc Tecnològic del 
Vallès, Cerdanyola del Vallés, Barcelona
“LabVIEW and DIAdem training course”

02-06-10 Niels Kruize 
Covaris
“Covaris system: controlled DNA shearing for next generation 
sequencing and library construction, cell/tissue disruption for 
protein targets and biomar”

01-06-10 Cellectis Technical Personnel 
Cellectis
“Meganuclease-driven targeted integration: fast and effortless 
generation of stable cell lines”
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26-05-10 Stephanie Urschel / Yohan Royer 
Thermo Scientific Genomics
“Overview of current strategies in qPCR design – Introducing 
Thermo Scientific Solaris™ qPCR Assays”

19-03-10 Denis Puthier 
Laboratoire INSERM, TAGC/ERM206, Parc Scientifique de Lu-
miny, Marseille, France
“TranscriptomeBrowser Training Course”

25-01-10 Guillem Abril 
National Instruments Spain, Centre d’Empreses de Noves Tecno-
logies, Cerdanyola del Vallès, Spain
“LabVIEW and DIAdem training course”

TECHNOLOGY TRANSFER DEPARTMENT

28-07-10 Jordi Quintana 
Drug Discovery Platform, Parc Científic de Barcelona, Barcelona, 
Spain
“Chembiobank: A Chemical Biology Initiative for Drug Discovery”
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Appendix 3

FUNDING

FUNDING EVOLUTION
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GRANTS & OTHER FUNDING 
Table including competitive funds, contracts and sponsorship obtained from 1st January to 31st December 2010 by the CRG.

Table containing the most prominent competitive projects granted to CRG researchers from 1st January to 31st December 2010.

OUTSTANDING RESEARCH PROJECTS

ORGANISM AMOUNT (€)

MINISTERIO DE CIENCIA E INNOVACION  4.535.507,33  €

EUROPEAN COMMISSION 3.612.311,19  €

ROCHE DIAGNOSTICS, S.L.  974.138,00  €

HUMAN FRONTIER SCIENCE PROGRAM 207.007,20  €

EUROPEAN MOLECULAR LABORATORY ORGANIZATION  150.337,04  €

FUNDACIO MARATO TV3  125.332,00  €

FONDATION JEROME LEJEUNE  99.999,99  €

NOVARTIS FARMACEUTICA S.A.  84.000,00  €

AGAUR - AGENCIA GESTIO D’AJUTS UNIVERSITARIS  76.769,16  €

MILLIPORE CORPORATION 62.843,71  €

THE LEUKEMIA & LIMPHOMA SOCIETY 53.067,29  €

NATIONAL INSTITUTE OF HEALTH NIH 47.260,00  €

NATIONAL MPS SOCIETY 30.902,70  €

CELLECTIS  30.000,00  €

OTHERS 118.995,31  €

TOTAL 10.208.470,92  €

PROJECT TITLE PROJECT TYPE PI ROLE AMOUNT (€) 
RECEIVED BY CRG

“Rutes de senyalització Neuregulin/ErbB4 i des-
envolupament dels circuits inhibitoris corticals.”

Marato TV3 Foundation Maria del Mar Dierssen Partner 125.332,00 €

“Unveiling the Iberian lynx genome” CSIC General Foundation Roderic Guigó Partner 4.822,00 €

“ESGI_European Sequencing and Genotyping 
Infrastructure”

PF7 Collaborative projects Xavier Estivill Partner 425.000,00 €

“Methods for high-resolution analysis of genetic 
effects on gene expression”

NIH Research Projects Roderic Guigó Partner 47.260,00 €

“Sharing capacity across Europe in high-through-
put sequencing technology to explore genetic 
variation in health and disease: GEUVADIS”

FP7 Coordination Action Xavier Estivill Coordinador 340.642,00 €

“Proteomics Research Infrastructure Maximising 
knowledge EXchange and access (XS): 
PRIME-XS”

FP7 Collaborative Projects 
(Large-scale integrating 
project)

Henrik Molina Partner 520.534,00 €

“Research infrastructure for imaging technologies 
in biological and biomedical sciences: EURO-
BIOIMAGING”

Collaborative Projects (Large-
scale integrating project)

James Sharpe Partner 36.380,00 €

“Dissecting the molecular mechanisms regulating 
somatic cell reprogramming”

HFSP Program Grants Maria Pia Cosma Coordinador 117.728,00 €

“Odor recognition in natural environments: Baye-
sian inference from insects to mammals”

HFSP Program Grants Matthieu Louis Partner 120.000,00 €

“Mechanism of Unconventional Protein Secretion” ERC Advanced Grants **  Vivek Malhotra Individual 2.206.963,00 €

“Chromosome Segregation and Aneuploidy” ERC Starting Grants (StG) ** Manuel Ernesto Mendoza Individual 1.453.679,00 €

Quantitative Models of Cellular and Developmen-
tal Biology”

ESF Research Networking 
Programmes

Hernán López-Schier Coordinador 529.250,00 €

“Multi-objective optimization for modeling develo-
pmental gene regulatory networks”

ERANET - Complexity Yogi Jaeger Partner 54.500,00 €

TOTAL 5.982.091 €
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INSTITUTIONAL AGREEMENTS
These are the agreements signed with companies and other organisations during 2010.

SPONSORS
These are the companies that have contributed to the activities of the CRG during 2010.

STRATEGIC PARTNERS
These are CRG partners, who contribute to strategic projects of the institute.
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Appendix 4
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