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Our environment in 2009 has been marked by the financial and economic crisis and by fears about cuts in the science budget of the public 
administration. Fortunately, the Catalan Government maintained the commitments as agreed in the strategic plan 2007-2012, which was 
signed in February, and the CRG remained relatively unaffected by the contraction of the Spanish economy.

Significant changes took place in our advisory organs. After serving six years four members of the Scientific Advisory Board will be repla-
ced at the beginning of next year and two new members were nominated for the expanding computational programmes. Our Business 
Board was reorganized to include leaders of biotech and venture capital companies in order to make it more efficient in supporting our 
translational research and more attractive for private sponsors. 

Long deliberations on the use of the additional 600 m2 in the ground floor of the PRBB originally planned for the PRBB and the difficulties 
encountered in converting these spaces into wet labs, lead to the decision to use them for seminar rooms, bioinformatics groups and 
administrative offices for the CEXS/UPF and the CRG. The liberated spaces in the main building will be used to concentrate the CRG/UPF 
core facilities in the 4th floor.

In terms of the development of the Scientific Programmes, two new junior group leaders, Jerome Solon and Bill Keyes, joined the Cell and 
Developmental Biology and the Differentiation and Cancer programmes, respectively, while a senior scientist Ramin Shiekhattar left the 
Gene Regulation programme and returned to The Wistar Institute in Philadelphia. 

The Core Facilities have been strengthened by the recruitment in January of Doris Meder from the MPI in Dresden as Director of all our 
facilities. The genomic facility has been reorganized and placed under the leadership of Monica Bayes, with the deep sequencing headed 
by Heinz Himmelbauer as its most advanced unit. We have continued to improve the equipment of all facilities, in particular the advanced 
light microscopy facility, for which a two-photon system has been installed that is unique in Europe. Moreover, the first successful siRNA 
screening was performed in our robotics facility and we have signed an agreement with the UPF for the operation of the common Pro-
teomics Facility. The CRG and the UPF also merged their FACS instruments into a new common facility. A new Bioinformatics Unit was 
established under the leadership of Guglielmo Roma.

With the objective to serve the growing needs of the CRG the management team has continued to evolve and has updated to the new 
version of Oracle E-Business Suite under the leadership of David Camargo, in a great effort to reach a more efficient and easy adminis-
tration process.

In the spring we interviewed 30 candidates for the second 10 positions of the International PhD Programme generously financed by the 
Obra Social “la Caixa”. The positions were filled with excellent candidates from many different nationalities, who joined the program in the 
fall. The CRG has initiated activities to support its postdoctoral community. In 2009 a Postdoctoral Committee was created and a novel 
programme for postdoctoral fellows was launched, the INTERPOD Program, co-financed by the Marie Curie COFUND project of the EU, 
and directed to interdisciplinary postdocs, who will work bridging groups from different programmes.

In March the second Spanish Worm meeting took place in the CRG and was organized in collaboration with the ICFO. As in the past 
years, the CRG organized its Annual Symposium in October 2009. This 9th edition was coordinated by the Differentiation and Cancer Pro-
gramme, focused on “Stem Cells, Differentiation and Cancer” and was a great success of attendance and scientific quality. In November 
the graduate students organized the III CRG PhD Students Symposium including 20 talks and many posters by second and third year 
students. In December 2009 members of the core facilities started a new series of short technology symposia. The first took place and 
concentrated in “Next-Generation Sequencing”. 

In collaboration with other institutions of the PRBB, our Communication & PR Dept. team organized an Open Doors Day with multiple 
events and guided visits. They also organized six scientific coffees on timely topics, workshops for school kids and high school students, 
a fair on illusions of the brain, a scientific summer camp in the mountains and 5 summer internships at the CRG financed by the Caixa 
Catalunya Foundation, dissemination talks by group leaders and participated in the Science Week 2009. Also, the first DNA model contest 
was successfully organized, with 52 models received from schools and kids from all around Catalonia.

2009 has been a good year in terms of competitive resources attracted to the CRG. We obtained a total of 15.7 M€, 9 M€ from national 
and 6.7 M€ from international calls. Another indicator is that CRG scientists coordinate two of the 13 CONSOLIDER programs assigned 
to biomedicine in 2009.

At the end of 2009 there were 310 scientists working at the CRG; 29 group leaders, 7 unit heads, 6 staff scientists, 78 postdoctoral fe-
llows, 89 PhD students and 101 technicians. Over 71% of the group leaders, postdocs and graduate students are foreigners. 
 
All together researchers and the management team are contributing to make the CRG an attractive place for young scientists around 
the world. The SCImago Institution Rankings (SIR) 2009 World Report, based on the citations of publications from 2003-2007, classifies 
the CRG in position 20 from over 2,000 research institutions around the world. In Europe only four other research centres have a higher 
citation index. Given that the CRG was officially inaugurated in the fall of 2002, this is a remarkable success. The number and quality of the 
papers published by the CRG scientists continue to increase as do the number and quality of the seminars by external speakers. In 2009 
193 papers were published in international journals with an average impact factor of 8.6, and 141 seminars were held by invited speakers 
of very high quality. Many of these activities found their way to the public media and the CRG was on the news (newspapers, radio, TV) in 
515 occasions. We also elaborated an institutional video that can be seen in our home page and on YouTube.

The future of the Spanish economy is crowded with dark clouds and we will face a few storms next year, but we are confident that the 
quality and strength of both our scientific community and our management team will manage to cross them without serious damage.
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In second half of 2009 the programme experienced the departure of one of his senior scientists, 
Ramin Shiekhattar, who moved back to the Wistar Research Institute in Philadelphia. A call for 
filling this position was announced in the fall and the seminars and interviews with candidates will 
take place early next year. For 3 years Ramin has been a very stimulating and productive member 
of our community and leaves behind several active collaborations with scientists from the Gene 
Regulation programme and from other programmes.

During the spring we also had seminars and interviews to recruit a colleague to fill the vacant ju-
nior group leader position. We are in negotiations with a serious candidate, who will reinforce our 
research on non-coding RNAs.

In 2009 we also recruited a technician, Marc Batalle, who takes care of the cold room and all the 
common instruments of the programme. Since his arrival the number of incidences and the gene-
ral performance of the programme´s infrastructure have improved considerably.

Finally, in the context of the general reorganization of the Core Facilities, the proteomics facility 
has passed under the control of Doris Meder, the head of all CRG facilities. During the year we 
also signed a collaboration agreement with the Department of Experimental and Health Sciences 
(CEXS) of the UPF to regulate management and function of the proteomics facility headed by 
Henrik Molina.

A common feature of the scientific research in the programme during 2009 has been the in-
crease in the number and volume of genome wide studies, which involved a number of close 
collaborations with members of the Bioinformatics and Genomics programme. 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 bio-
informatics group are co-authors. 

An important event in 2009 was the granting of the “Premio Ciudad de Barcelona 2009” in the 
category of research to Raúl Méndez for his achievement in decoding the rules governing cyto-
plasmic polyadenylation during meiosis (published in Cell and Nature Cell Biology in 2008).

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

Imma Falero

4 group leaders, 2 staff scientists, 12 postdocs, 20 students, 
12 technicians and support personnel.

The structure 
of the programme 

at the end of 2009 was

5 Research groups:

Programme Secretary: 

Numbers: 



Group:

Group structure:
Group Leader:

Postdoctoral Fellows:
  

PhD Students:

Technician/s:

Visitors:

Chromatin and Gene Expression

Miguel Beato

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

Laura Gaveglia, Andy Pohl (since December), Diana Reyes, Michael Wierer, Roser Zaurin (till September)

Giancarlo Castellano (Consolider), Jofre Font, Silvina Nacht

Stefania Mai, Milan (till November), Paola Bertucci, Buenos Aires (August/September 2009)

 

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 no only directly via binding of their receptors to DNA, but also indirectly via crosstalk 
with kinase signalling pathways. We are trying to unravel how this activated kinases impinge on chro-
matin structure and dynamics using model systems and genome wide studies. 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 
R. Zaurin, 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 developped an algorithm for predicting nucleosome positioning in the human genome that we 
are currently validating using tiling microarray and massive nucleosome sequencing. We have analyzed a 
selection of 40 hormone responsive promoters by high resolution tiling arrays to define their nucleosomal 
structure before and after hormone induction, and have identified several progesterone receptor (PR) 
binding sites within 10 kb flanking the transcription initiation site. We are correlating these findings with 
posttranslational modifications of core histones and binding of other transcription factors and chromatin 
remodelling complexes in selected genes. Currently these results are being extended to the whole ge-
nome of breast cancer cells by massive parallel sequencing to determine the positions of nucleosomes 
before and after hormone addition. An inverse correlation between nucleosome occupancy and the 
strength of splice signals in internal exons has been identified, indicating a role of nucleosomes in alter-
native splicing (Tilgner et al, 2009).

2. Signalling by progesterone to kinase cascades and to chromatin 
C. Ballaré, A. Ciociola, A .Mai, D. Reyes, M. Wierer, R. Wright, M. Kundacovic

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 (Quiles 
et al, 2009). Activated Erk in the cell nucleus phosphorylates PR and Msk1, a process essential for the 
proliferative response of breast cancer cell lines as well as for progestin induction of MMTV and other 
target genes. We are now studying the mechanism by which Msk1 controls breast cancer cell prolifera-
tion in response to estrogens or progesterone in order to develop selective strategies to interfere with the 
proliferative effect of ovarian hormones.

We have performed gene profiling studies and ChIP-on-chip experiments in breast cancer cell lines to 
study the response to estrogens and progesterone of hormone-sensitive promoters. The focus is on 
the identification of the signalling pathways mediating the regulation of different clusters of genes with 
the aim of modulating specific aspects of hormone action, such as cell proliferation, apoptosis or cell 
differentiation. We use selective chemical inhibitors and siRNA specific for various kinases (Erk, Msk, 
Akt, JAK/STAT, CDK2) combined with transcriptome analysis in response to hormones. In parallel we 
have identified all genomic binding sites for PR in breast cancer cells using ChIP-seq. Finally, quantitative 
proteomics (SILAC) in breast cancer cells carrying tagged PR is used to delineate the PR interactome. 
These omics results, along with results from inihibiting ER activation and protein synthesis, are now be-
ing integrated in a dynamic network, which should serve to identify relevant nodes connecting various 
signalling pathways with regulation of different gene cohorts. 
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3. Regulation of MMTV transcription in the chromatin context 
G. Vicent, R. Zaurin, F. Le Dily, S. Nacht, J. Font

The group has studied the structural changes accompanying activation of MMTV promoter chromatin 
and how they are catalyzed. Within 5 minutes of progestin addition to cells carrying an integrated copy 
of the MMTV promoter, 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. This leads to dissociation of 
a repressive complex containing HP1g as a prerequisite for the recruitment of ATP-dependent chromatin 
remodelling complexes, co-regulators and RNA polymerase II (Figure 1). Shortly thereafter we detect the 
displacement of histones H2A and H2B from the promoter nucleosome containing the HREs but not 
from the adjacent nucleosomes.

Recently, we have identified a key role of the BAF chromatin remodelling complex and the PCAF histone 
acetyltransferase in hormonal activation of MMTV. Upon hormone addition, BAF is recruited to the pro-
moter by PR, and depleting the BAF complex leads to inhibition of hormonal induction. BAF binding to 
the MMTV promoter is stabilized by PCAF mediated acetylation of lysine 14 of histone H3 (Vicent et al, 
2009). BAF mediated remodelling leads to displacement of H2/H2B dimers and facilitates NF1 access 
and binding of additional PR to the central HREs on the remodelled nucleosome (Vicent et al, submit-
ted). The new PR molecules bring additional BAF complexes to the promoter and lead to full activation 
(Figure 1).

4. Role of steroid hormones in breast cancer and endometrial physiology 
C. Ballaré, A. Ciociola, A.Mai, D. Reyes, M. Wierer (collaboration with Belen Miñana, Juan Valcárcel’s lab, 
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 
from breast cancer patients. In the meantime 108 samples have been analyzed on a proprietary mi-
croarray platform containing over 800 cDNAs relevant for breast cancer and hormone action. A com-
parison of the gene clusters affected in each tumour sample with the results obtained in breast cancer 
cell lines (see point 2 above) will be used to classify the tumours according to the perturbed signalling 
pathways. The correlation of this molecular description with clinical and histological data will be used to 
establish diagnostic and prognostic markers for future cancer management. We are also directly investi-
gating the mechanism of the mutual inhibitory relationship between BRCA1 and PR function.

In collaboration with the group of Patricia Saragüeta, CONICET Buenos Aires, we found that picomolar 
concentrations of progestins induce proliferation of endometrial stromal cells via activation of a crosstalk 
of PR with ERß and the mitogenic kinase cascades. We have now studied how blood serum induces the 
decidual differentiation of these cells, a physiological example of trans-differentiation (Vallejo et al, 2009). 
We are now comparing these results with the changes in gene expression detected during decidualiza-
tion of UIII cells in response to the combination of estrogens and progestins.

Figure 1. 
The MMTV promoter nucleosome B is 
maintained in a repressive state by bindng 
of a repressive complex containing HP1g. 
A complex pPR/pErk/pMsk1 including 
likely PCAF and BAF, binds to the exposed 
HRE1 on the MMTV nucleosome and 
phosphorylates H3 at S10 and acetylates 
H3 at K14. This leads to displacement of 
the repressive complex, as a prerequisite for 
the stable binding of BAF via an interaction 
with H3K14ac. The BAF complex catalyzes 
the ejection of H2A/H2B dimers, enabling 
NF1 binding. In the absence of NF1 this 
remodelled nucleosome may revert to the 
closed conformation, but binding of NF1 
stabilizes the open nucleosome confor-
mation and facilitates binding of further PR 
molecules and BAF remodelling complexes 
to the internal HREs. Subsequently, PR 
recruits transcriptional co-activators and the 
transcription initiation complex, leading to 
promoter activation. 
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5. 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 and are now 
studying the role of various H1 subtypes and their phosphorylation by Cdk2 on the remodelling and 
transcription of MMTV chromatin. At least six histone H1 subtypes exist in somatic mammalian cells 
that bind to the linker DNA and stabilize the nucleosome particle contributing to higher order chromatin 
compaction. It is not clear whether the different subtypes have distinct roles or if they regulate specific 
promoters. We have shown that in breast cancer cells depletion of H1.2 caused cell cycle arrest and 
decreased global nucleosome spacing, whereas H1.4 depletion caused cell death. Using in vivo and in 
vitro approaches, including atomic force microscopy (AFM), we have investigated the role of histone H1 
subtypes and their modifications in the regulation of chromatin spacing and chromatin compaction as 
well as in the control of chromatin remodelling by ATP-dependent complexes. We find they exhxibit diffe-
rent affinity for chromatin and very different capacity to compact chromatin, due mainly to their different 
C-terminal domains. Minichromosomes containing physiological levels of the different H1 subtypes can 
be efficiently remodelled by two ATP-dependent remodelling complex, SWI/SNF and NURF (Clausell et 
al, 2009).
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SUMMARY

Our group studies molecular mechanisms of alternative pre-mRNA splicing regulation. Alternative spli-
cing of mRNA precursors allows the production of multiple mRNAs from a single gene, greatly expanding 
the information content of the genomes of multicellular organisms. During 2009, we have made progress 
in understanding the impact on splice site selection of RNA secondary structures, of nucleosome posi-
tioning on exonic DNA sequences and of the activation of signaling pathways triggered by exposure to 
UV irradiation. In addition, we have continued genomic and mechanistic analyses of splicing regulation 
of genes important for cellular proliferation and apoptosis. 

RESEARCH PROJECTS

1. Impact of RNA secondary structures in splice site selection 

Despite the need for high accuracy in the splicing process, the RNA sequences that determine the 
boundary between exons and introns are rather short and degenerate, raising the question of how splice 
sites are identified, paired and regulated.  In collaboration with D. Pervouchine (Moscow), our group has 
used phylogenetic comparisons between 12 Drosophila genomes to identify highly conserved pairs of 
intronic sequences capable of forming base pairing interactions over long RNA distances, which help 
to bring together and/or select splice sites. The functional relevance of these sequences was confirmed 
experimentally in cells in culture. Thus, long-range secondary structures are frequent modulators of 
alternative splicing.

2. Impact of chromatin structure on splice site identification and selection

In collaboration with the groups of Roderic Guigó and Miguel Beato, we are exploring the possibility 
that chromatin structure influences splice site recognition in pre-mRNAs that are processed co-trans-
criptionally. In particular, we found that nucleosome positioning correlates with the distribution of exonic 
sequences in the DNA, an effect which is more evident for exons flanked by weak splice site signals. We 
are particularly interested in chromatin modifications that influence alternative splicing regulation induced 
by steroid hormones and by polymorphic changes in DNA sequence relevant for human disease.
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3. Genome-wide analyses of alternative splicing changes induced by UV light

In collaboration with the group of Alberto Kornblihtt (University of Buenos Aires), we have analyzed chan-
ges in alternative splicing induced by irradiation of cells in culture with UV light. Our results document 
hundreds of changes in alternative processing, frequently linked to decreased expression levels associa-
ted to changes in chromatin compaction triggered by UV light irradiation, suggesting coupling between 
transcription elongation rates and splice site selection. We are currently exploring the mechanistic basis 
for these effects, including alterations in the function of key splicing regulators induced by UV light. 

Figure 1. Mechanism by which secondary RNA structures can modulate splice site selection. A. In this three exon / 2 intron model 
pre-mRNA, exon 2 is included (green lines) in the absence of RNA secondary structures. B. Base pairing interactions between intronic and 
exonic regions sequester splice sites and prevent exon 2 inclusion. C. Base pairing interactions between intronic regions flanking exon 2 
bring exons 1 and 3 closer to each other, facilitating splicing between them.

4. Alternative splicing regulation and the control of cell proliferation and apoptosis

We have continued to study the function of splicing factors RBM5 and EWS, which have properties of 
tumor suppressors, in alternative splicing regulation. Our approach combines genome-wide analysis of 
their binding sites in pre-mRNAs, using crosslinking/immunoprecipitation (CLIP), with analysis of chan-
ges induced by their depletion, using splicing-sensitive microarrays. These datasets are allowing us to 
draw regulatory maps that can help to predict the targets and functions of these regulatory factors. 
Consistent with their roles in the control of cell proliferation, genes regulated by RBM5 and EWS play 
important roles in the control of cell cycle and of programmed cell death.
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SUMMARY

We are interested to understand the mechanisms by which protein-coding genes are silenced and how 
disruption of negative regulation may lead to neoplasia.  Such genomic repression is achieved at both 
transcriptional and post-transcriptional levels.  Recent evidence has implicated changes in chromatin 
structure as an important mechanism in gene regulation.  Moreover, besides a classic role for proteins 
in mediating transcriptional and post-transcriptional effects, it has become clear that non-coding RNAs 
play an integral role in silencing through fine-tuning gene expression patterns during development and 
differentiation.  We believe that this “signaling by RNA” is an emerging field of research that will uncover 
novel pathways in genome organization and regulation.  In the past few years my laboratory has emplo-
yed a biochemical approach to uncover a number of key factors that mediate transcriptional repression 
through regulation of chromatin structure, or post-transcriptional silencing via non-coding RNAs. We will 
continue our studies through a detailed structure/function analysis of these factors in regulation of geno-
mic silencing and extend our experiments to elucidate the role these factors in the genesis of cancer.  

RESEARCH PROJECTS

1. Transcriptional regulation through chromatin modifying complexes

Using biochemical approaches my laboratory has identified novel co-repressor complexes (SMRT-com-
plex; LSD1-containing complexes; JARID1d/Ring6a) that mediate tissue and gene-specific transcrip-
tional repression through modification of chromatin structure.  These studies have been instrumental in 
understand mechanisms by which nuclear hormone receptors and tissue-specific transcriptional repres-
sors (such as the neuronal silencer, REST), mediate their biological functions – these activities include 
remodelling of nucleosomes and lysine demethylation of histones.  More recently, our studies have iden-
tified an intimate connection between the polycomb repressive group of proteins and histone demethyla-
ses (Figure 1) that underscore their cooperation in maintaining gene expression patterns.
 

Figure 1. 
UTX a histone demethylase specific for 

histone H3 lysine 27 increase 
the occupancy of polycomb complex 

PRC1 on target promoters
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2. Transcriptional and post-transcriptional regulation by non-coding RNAs

My laboratory has also identified a pathway by which small non-coding RNAs, termed microRNAs (miR-
NAs), are synthesized and their mechanism in mediating post-transcriptional silencing in human cells. We 
identified two distinct RNase III-containing complexes, Drosha/DGCR8 and Dicer/TRBP, which mediate 
the stepwise processing of primary miRNAs to mature miRNAs.  The last step of miRNA processing by 
Dicer/TRBP involves the incorporation of mature miRNA into a larger complex composed of Argonaute 
2 (Figure 2), the subunits of 60S ribosome and the ribosome anti-association factor eIF6. Our stu-
dies demonstrate a key role for eIF6 (through ribosome disruption) as the mediator of miRNA inhibitory 
function.
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Figure 2. 
Steps of microRNA biogenesis and RNA-
induced silencing complex (RISC) loading 
designated by numbers 1 through 8.
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SUMMARY

We are focused on the study of the molecular mechanisms of regulation of gene expression by RNA-
protein interactions, using the model organism Saccharomyces cerevisiae. We have two main research 
goals in our laboratory. First, to dissect the molecular interactions involved on RPL30 regulation of spli-
cing. Second, to study the mecanisms that control the selection of 3’ splice sites in yeast. A third project 
is a joint effort with Susana-Rodriguez Navarro (Principe Felipe, Valencia), centered on the possibility of 
exon-definition mechanisms in yeast, which would offer a powerful tool to study a complex problem.
In addition, in collaboration with other groups, we are undertaking bioinformatic and genomic appro-
aches to uncover new instances of regulation, and to investigate how spread is this control of gene 
expression and its degree of coordination.

RESEARCH PROJECTS

1. Genetic screen to select mutants in regulation of splicing 
Mercè Guzman, Maria Camats

RPL30, one of the best understood models of splicing regulation in Saccharomyces, encodes the ribo-
somal protein L30. Through binding to a structure present in its own transcript L30 can regulate RNA 
processing at several steps. Our main interest is on control of splicing (see Fig 1), and the L30 system of 
regulation should provide insights on how RNA sequences and structures near the 5’ splice site (ss) can 
affect spliceosome assembly and splicing.

Employing refined screening methods we have isolated mutants that alter L30 regulation of splicing in 
either way: some mutants display a phenotype in which L30 can not regulate splicing of a target trans-
cript; while others show the opposite behavior, in which L30 can regulate splicing of a transcript bearing 
a mutation that blocks L30 inhibition in wild type cells. One of the latter mutations is located in the gen 
STO1, encoding the large subunit of the cap binding complex (CBC), Cbp80. CBC has been shown to 
be required for the proper stability of U1 snRNP bound to the pre-mRNA, and we are investigating how 
this can affect L30 regulation. Our data indicate that Cbp80 plays a role in a proposed remodelling of 
the interaction between U1 snRNP and the intron. This role becomes more apparent in introns where 
this interaction is strong, such as RPL30. The intron-U1 snRNP remodeling is the likely target of L30, 
which would explain the genetic interaction between L30 and STO1 (Bragulat et al., 2nd submission to 
Molecular Cell).

The relevance of this system of regulation, evidenced by our biochemical dissection, makes it relevant 
the continuation of this genetic approach. In addition to new screenings, we are asking the possible role 
of mutations in factors like BBP, Mud2, Prp5, or Sub2.

2. Biochemical analysis of the mechanism of RPL30 control of splicing.
Maria Camats, Markus Meyer

As shown in Fig. 1, during L30 regulation of splicing a new complex is formed. We are interested on the 
nature of this complex, its components and their interactions. Several in vitro and in vivo approaches 
produced data suggesting that this system of regulation follows a novel strategy, based in interfering 
with the rearrangements that occur during spliceosome assembly. We have been able to link the role of 
L30 as a splicing factor with transcription, providing novel evidence about the connection of regulated 
splicing and pre-mRNA synthesis. Some of the pre-spliceosomal components show altered ChIP profiles 
during regulation, and we are investigating the relevance of these findings.
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3. Other S. cerevisiae genes with regulated splicing 
Markus Meyer, Valeria Giangarrà

To what extent splicing regulation plays a role in the control of gene expression in Saccharomy-
ces? Using bioinformatics, several studies are being performed. We are looking at (1) the possible 
folding around 3’ splice site regions; and (2), putative alternate 3’SS.  In both cases we include 
phylogenetic comparisons in our studies. We are collaborating in these efforts with the group of 
Dr. Eduardo Eyras (UPF).

As a fruit of these efforts a novel case of dual use of 3’SS has been uncovered (Fig. 2), and other 
cases show discrepancies with the annotated sequences in our experimental conditions. 

Figure 1. 
Regulation of RPL30 splicing by L30. L30 

binds to the RPL30 nascent transcript; 
however, initial intron recognition is not 

affected. Inhibition of splicing occurs becau-
se the L30-containing nascent spliceosome 

fails to undergo a necessary remodelling 
that is required for the joining of U2 snRNP. 

Eventually the “failed” pre-spliceosome 
will be disassembled and the pre-mRNA 
exported to the cytoplasm. There is will 
be degraded by NMD since it contains 

premature stop codons.

Figure 2. 
DMC1 shows dual use of its 3’SS. The 

shorter version of the intron produces an 
mRNA with a premature stop codon and 
it’s degraded by the non-sense mediated 

decay pathway.
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In addition, we are collaborating with the group of Dr. Jean Beggs (University of Edinburgh) to apply 
genomic approaches to this question. We have supplemented their Saccharomyces splicing microarray 
with additional probes that can detect new, predicted, 3’SS splicing events, and we are studying splicing 
and 3’SS usage in splicing in several conditions, including meiosis, mutations in splicing factors, and 
several stresses (collaboration with Francesc Posas, UPF).

In addition to the microarray approaches, we have started using deep-sequencing techniques, in co-
llaboration with the group of Roderic Guigó. This new approach offers us considerable advantages, 
especially regarding the identification of new spliced forms.

The combination of all these efforts has led us to a deep understanding of the definition of 3’ splice sites 
in yeast. We have uncovered the rules followed by the yeast spliceosome in the selection of 3’ splice si-
tes, and currently we can explain all but one of the Saccharomyces introns (Meyer et al., in preparation). 
This provides an outstanding base to further study splicing mechanics and its regulation.  Remarkably, 
intron folding plays a crucial role in the splicing of at least one third of introns, and there is notably little se-
lective pressure in keeping the introns small. Given the evolutionary conservation of the splicing process, 
these findings are likely to be relevant to human, where these studies are not practical.

4. Exon definition in yeast?
Bernardo Cuenca

In a joint effort with Susana-Rodríguez-Navarro (Instituto Príncipe Felipe, Valencia), we are studying the 
splicing of the gene SUS1 (Fig. 3), involved in transcription and RNA export. This gene contains two 
introns, and some spliced forms show exon 2 skipping. We are investigating the mechanisms involved in 
the splicing of this gene; with an interest in asking, in vitro and in vivo, whether the mechanisms involved 
in exon skipping in metazoans are also having a role in this phenomenon. 
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Figure 3. 
Genomic structure of the SUS1 gene.
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SUMMARY

We are interested in the regulation of mRNA translation during embryonic development and cell homeos-
tasis. We wish to understand the molecular mechanisms of translational control exerted by RNA-binding 
proteins, and the way translational regulators are wired in the cell for appropriate cell function. Our lab 
focuses on translational control events that are essential for early embryonic development and viability 
in the fruitfly Drosophila melanogaster. By studying conserved regulators in Drosophila, we expect to 
extract general principles used also in mammalian cells which could go awry in disease.

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 (Figure 1). In females, dosage compensation is repressed via the translational 
inhibition of the rate-limiting DCC component MSL-2. 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 msl-2 mRNA, but they are not sufficient 
to repress translation. Part of our current research focuses on the isolation and characterization of other 
co-factors involved in msl-2 translational repression, and the investigation of the molecular mechanisms 
of msl-2 translational control.

Using genetics we have observed that UNR performs opposite, sex-specific functions in dosage com-
pensation: while UNR inhibits DCC formation in females, it promotes DCC binding to the X chromosome 
in males. Curiously, UNR binds to the non-coding RNA components of the DCC (Figure 2). We are testing 
the possibility that this binding underlies the mechanism of UNR function in males.

Figure 1. 
The DCC complex binds to 
the male X chromosome. Staining with 
anti-MSL2 antibodies (green) reveals the 
X chromosome territory in male cells. 
DNA is stained with DAPI (blue). Image 
obtained in collaboration with Nuria Paricio
(University of Valencia).

Figure 1

Figure 2. 
UNR binds to the non-coding
roX RNAs. IP of UNR followed by RT-
PCR to detect the indicated RNAs.

Figure 2
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Dosage compensation is an example of how a general RNA binding protein (UNR) displays sex-specific 
functions by binding to different targets in the two sexes. UNR contains multiple cold shock domains, 
which in principle could serve to bind and regulate many other targets. We are investigating the sex-
specific RNA regulatory networks that are controlled by UNR.

2. Translational regulation by cytoplasmic polyadenylation

Embryonic axis formation in Drosophila heavily depends on translational control. Expression of the key 
morphogens Bicoid and Toll is activated at precise times in development 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 (Figure 3). 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 responsible 
for both canonical and non-canonical polyadenylation. 
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Figure 3. 
Toll mRNA is polyadenylated by a non-

canonical machinery.
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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, In press). 

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 (figure 1).  One essential 
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negative 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, under review). We 
are currently studying the posttranslational regulation of CPEB4, which, contrary to CPEB1, is not acti-
vated 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.

Regulation of gene expression by CPEBs in somatic tissues.

2. 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 
conclude that regulation of poly(A) tail length is not only required to compensate for the lack of trans-
cription in specialized cell divisions, but acts as a general mechanism to control mitosis (Novoa et al., in 
press; Figure 2). 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 stu-
dying 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 polyaden-
ylation, 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; Figure 3). 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.

3. 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 factors, 
which will promote tumor growth and vascularization in PDA (Ortiz et al. Manuscript in preparation).
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Figure 1. 

Figure 2. 

Figure 3. 
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The areas of research covered within the programme are adult stem cell biology, mechanisms of cell fate 
instruction and cancer. The programme currently consists of four groups:

> Luciano Dicroce: Epigenetic mechanisms during PML-RAR induced leukemia
> Thomas Graf: Hematopoietic stem cells, differentiation and reprogramming 
> Salvador Aznar-Benitah: Epithelial stem cells in the skin and cancer 
> Bill Keyes: Skin stem cells, cancer and senescence 

In the spring of 2009 a new Group Leader, Bill Keyes, joined the programme, moving from Cold Spring 
Harbor Laboratory. He has increased the programme’s critical mass in adult stem cell research and also 
shares with the other Group Leaders various technologies, including mouse genetics, epigenetic analy-
ses, fluorescence microscopy, histopathology and flow cytometry. 

In the course of the year we were also able to attract a new Senior Group Leader, Maria Pia Cosma. She 
will move to the CRG in April 2010 from Naples, where she currently works at the Telethon Institute. Pia 
has a broad background in transcription factor mechanisms and synthetic biology in yeast and has also 
worked on the role of sulfatase modifying factors in hematopoietic stem cells. In the last few years she 
has been working on the reprogramming of somatic cells into induced pluripotent (iPS) cells, using both 
enforced transcription factor expression and cell fusion. The mechanism of cell reprogramming by cell 
fusions, leading to the dominant induction of new phenotypes, will be the main focus of her research at 
the CRG, which is supported by an ERC grant.

The Histology Unit remains a service associated with the Programme, and is now operated by two 
technicians.
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SUMMARY

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

RESEARCH PROJECTS

1. Pre-B cells do not retro-differentiate before becoming macrophages, but tran-
siently express a few progenitor markers

During hematopoiesis, the earliest multipotent progenitors branch into a common lymphoid and a com-
mon myeloid precursor, which then give rise to differentiated cells of the adaptive and innate immune 
systems. However, it is largely unknown which transcription factors determine the formation of lymphoid 
versus myeloid cells. To answer this question, we perturb regulatory networks in committed hemato-
poietic cells by enforced transcription factor expression. In earlier work we found that the bZip type 
transcription factor C/EBP alpha, which is expressed in macrophages but not in B cells or committed 
B cell precursors, effectively induces a switch of B cell precursors towards functional macrophages. 
The activation of myeloid genes requires the collaboration between C/EBPa and the transcription factor 
PU.1, which is already expressed in B cell precursors. In contrast, the extinction by C/EBPa of the late B 
cell marker CD19 is PU.1 independent, and mediated by the downregulation of Pax5. 

A question of fundamental interest about the mechanism of the induced reprogramming of differentiated 
cells into another cell type is whether the cells de-differentiate before they re-differentiate into a new cell 
type. We have addressed this question by treating pre-B cells infected with an C/EBPaER virus for 3, 12, 
48 and 120 hours with the inducer and analyzing the expression of stem cell and progenitor cell surface 
antigens, as well as gene expression profiles. 

Our FACS data show that the cells undergoing phenotypic conversion do not reactivate the stem cell/
progenitor markers Slamf1, Kit, CD34, Flt3 (Flk2), Itga2b (CD41) and Il7r, but upregulate Sca1 and tran-
siently express Itgb3 (CD61). Analysis of gene expression by Affymetrix 430.2 expression arrays and 
real time RT-PCR revealed similar changes and in addition a transient upregulation of Flt3, which was 
not translated into protein. The upregulation of Sca1 probably does not reflect an earlier phenotype, 
as this antigen can be expressed on myeloid cells. Then we compared the data to the expression 
profiles of various normal progenitors. The rationale was that if the cells retro-differentiate they should 
transiently express markers of earlier progenitors, such as that of lymphoid myeloid precursors, hema-
topoietic stem cells or even embryonic stem cells. Hierachical clustering did not group pre-B cells in the 
process of transdifferentiation and the various hematopoietic progenitors, but in the expected order of 
corresponding to the timing of induction. We also did not observe the reactivation of T cell or erythroid/
megakaryocytic genes with the exception of Nfe2, an erythroid/megakaryocytic transcription factor. Ove-
rexpression of this factor in Pre-B cells activated expression of Itgb3, explaining its transient activation. 
We then used an unbiased bioinformatic analysis to determine the gene expression signature for the 
different progenitors. Our results showed that there was no significant upregulation of hematopoietic 
stem cells and multipotent progenitor genes, but that a subset of granulocyte/macrophage precursor 
specific genes was upregulated transiently 2 days after induction. From these observations we conclude 
that during the C/EBPa induced transdifferentiation of pre-B cells into macrophages no cells with the 
expression pattern of earlier cells are transiently produced. This suggests that the cell conversion largely 
reflects the direct transformation of the transcription factor network that specifies one immune cell type 
into that of another.  

2. A cell line system to study the mechanism of B cell to macrophage reprogramming

A disadvantage of the system is that it relies on primary cells that have to be iolsated anew for every 
experiment, that B lineage cells only grow on stromal cells supplemented by cytokines, and that the pro-
portion of infected cells is variable. To circumvent these problems, we have developed a pre-B cell line 
(C10) derived from the fetal Pre-B cell line HAFTL, and which contains a fusion between C/EBPalpha and 
the estrogen hormone binding domain. Cells treated with the inducer (either beta estradiol or tamoxifen) 
become reprogrammed into cells closely resembling macrophages at 100% efficiency and within about 3 
days. This permits to study the process of reprogramming in homogeneous and synchronously induced 
populations of cells. 
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3. Time-lapse microscopy studies of cells undergoing reprogramming

Flow cytometry analyses of the C10 cells in the process of reprogramming suggests that the process 
is rapid, with about 90% of the cells expressing Mac-1 after 24 hours of induction. However, these 
experiments do not give any clues about the onset of differentiation at the single cell level, whether it is 
accompanied by apoptosis and whether the cells divide before acquiring a new fate. To address these 
questions, we have analyzed the process of induced transdifferentiation of C10 cells by time -lapse 
microscopy, in collaboration with Timo Zimmermann. We found that the first cells that change shape 
and become adherent, showing membrane ruffling, appear already within 10 hours. In addition, the 
reprogrammed cells show a substantial increase in cell motility, as can be visualized by overlaying frames 
of pictures taken within different time windows (Fig.1). Finally, we observed no apoptosis during the 
reprogramming. Current experiments address the question whether cell disvison is required for lineage 
reprogramming.

4. A novel function of platelet integrin aIIb (CD41) in hematopoietic stem cell function

The maintenance and repair of the hematopoietic system requires continuous differentiation and ex-
pansion of self-renewing hematopoietic stem cells (HSCs) throughout life. In the bone marrow HSC 
maintenance and lineage differentiation are regulated mainly within two distinct hematopoietic niches; 
the osteoblast niche thought to maintain HSCs in a quiescent state, and the endothelial niche, which is 
involved in HSC differentiation and proliferation. 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 downstream progenitors to the bone marrow hematopoietic niches remain poorly defined. 
CD41 was recently shown by us and others to be expressed also on the earliest definitive hematopoietic 
progenitors in the developing embryo as well as on adult HSCs. This raised the question whether the 
integrin CD41 is required for HSC function. 

To address this question, we analyzed the hematopoietic system of the CD41 knock-out mouse model 
that we described earlier (Zhang et al. , Expl. Hematology, 2007). The knockout mice are viable but show 
a reduction in the number of cells from megakaryocyte/erythroid as well as myeloid and lymphoid linea-
ges. However, whereas the number of multipotent and intermediate progenitors were reduced the total 
number of HSCs was unaltered. This suggests that the decreased bone marrow cellularity is due to an 
impairment of integrin-defective HSCs to access their endothelial differentiation niches. Importantly, the 
defects of CD41-/- HSCs are cell-autonomous as non-competitively transplanted recipients are capable 
of reconstituting the irradiated recipients and phenocopy the CD41-/- donor mouse defects. However, 
strikingly, when transplanted together with wild-type bone marrow competitor cells, CD41-/- HSCs exhi-
bited a drastically reduced functionality. In addition, pre-treating wild-type HSCs with a blocking antibody 
against CD41 led to a similar impairment of competitive repopulation ability. The requirement of CD41 for 
efficient transplantation of HSCs raises the possibility that agonist activation of the integrin into a high-
affinity state could lead to an increased reconstitution ability of HSCs, a possibility that we are currently 
testing. Taken together, we have identified integrin CD41 as a novel regulatory component for the inte-
raction between HSCs and its niche (s) in the bone marrow.

5. A role of the RNA binding protein musashi 2 (Msi2) in hematopoietic stem cells

Another stem cell project in the laboratory was initiated by Florencio Varas. Here, we have used retroviral 
insertions to activate adjacent genes with a possible role in HSC expansion. In brief, bone marrow was 
infected with a GFP retrovirus and the cells transplanted into irradiated primary mouse recipients. After 

Fig.1. 
Imaging of cells at different stages of 
induced reprogramming. C10 cells treated 
with b-estradiol were recorded by time-
lapse microscopy at 6 min internals for 55 
hours. The upper panels show images of a 
video of cells at the indicated time points; 
the lower panels represent stacks of 10 
superimposed pictures corresponding to 
1-hour intervals, as indicated. As can be 
seen, the cells change morphology and 
become highly motile at around 15 hours 
after induction.
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4 months, the bone marrow of one reconstituted mouse was injected into five secondary recipients and 
their bone marrow analyzed several months later for the presence of common retroviral integration sites. 
The rationale of the experiment was that, since retroviruses integrate randomly near gene transcription 
start sites, any enrichment of common integration sites is a strong indication of an in vivo selection of 
a dominant stem cell clone due to the activation of a gene with a function in HSCs. Several retrovirus 
integration sites were found to be enriched, two of them corresponding to genes that are known or sus-
pected to have a function in HSCs. The third one, however, landed close to the Musashi 2 gene, which 
so far has not been implicated in HSC expansion or leukemia. This gene encodes an RNA binding protein 
whose homologue in Drosophila shows a germ stem cell defect when inactivated.

If indeed Msi2 is important for stem cell function it would predict that its loss would induce an HSC 
defect. To study this, we collaborated with Thomas Floss from the GSH in Muenchen, who provided us 
with Msi2 knockout mice generated after an enhancer trap screen with ES cells. 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. More importantly, when bone marrow from these mice, 
which contain HSCs, was transplanted competitively with bone marrow from wild type animals, they 
were dramatically outcompeted. This indicates that the Msi2 genes has an important function in the 
formation of multipotent progenitors and probably also 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.
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Fig.2. 
Changes in cell morphology during C/

EBPa induced transdifferentiation of C10 A, 
staining of Golgi apparatus with antibodies 

against mannosidase II (red) and nuclei with 
DAPI (blue). B, staining of cells with antibo-

dies to cell surface antigens (green), with 
phalloidin-Alexa Fluor 568 for F actin (red) 
and with DAPI for nuclei (blue). The green 

fluorescence in the control cells represents 
CD19 antigen; the green fluorescence in the 
induced cell represents Mac-1 antigen. Left 

panels: uninduced cells; right panels cells 
induced for 3 days. Bars, 10 um.  
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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 
impact 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 mouse models. 

RESEARCH PROJECTS

1. 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 deregula-
tion in human cancers. 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-RARa is one of the most well-studied leukemogenic transcription factors. 
The PML-RARa 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 retinoic acid receptor a (RARa) gene. PML-RARa represses target genes through re-
cruitment 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.
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2. 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. 

The early observation that macroH2A is enriched on the inactive X chromosome and centrosomes su-
ggested an involvement in gene repression and heterochromatinization. Biochemical studies using syn-
thetic 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 macro-
H2A-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.
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3. 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. 

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. 

PUBLICATIONS

Buschbeck M and Di Croce L. 
“Approaching the molecular and physiological function of macroH2A variants.” 
Epigenetics, in press.

Cardamonea MD, Bardella C, Gutierrez A, Di Croce L, Rosenfeld MG, Di Renzo MF, and De Bortoli M. 
“ERa as ligand-independent activator of CDH-1 regulates determination and maintenance of epithelial 
morphology in breast cancer cells.” 
PNAS 106, 7420-25 (2009).

Buschbeck M, Uribesalgo I, Wibowo I, Rué P, Martin D, Gutierrez A, Morey L, Guigó R, López-Schier H, 
and Di Croce L. 
“The histone variant macroH2A is an epigenetic regulator of key developmental genes.”
Nature Struct Mol Biol 16,1074-79 (2009).

PATENT

Priority Date: 3rd July 2009
Application Nr.: ES P200901534
Application Date: 3rd July 2009
Office where the patent has been submitted: OEPM
Title: “Complejos proteicos e inhibidores de los mismos para el tratamiento del cáncer.”
Applicants: Centre de Regulació Genòmica (CRG), ICREA
Inventors: Luciano Di Croce (CRG), Holger Richly (CRG)



DIFFERENTIATION AND CANCER

Epithelial Homeostasis and Cancer
Salvador Aznar Benitah has a Junior ICREA Group Leader position.

Salvador Aznar Benitah

Cristina Hidalgo 

Peggy Janich, Nuno Luis, Stefania Mejetta
    
Bernd Kuebler, Gloria Pascual

Lara de Llobet

Group: 

Group structure:
Group Leader:

Postdoctoral:

PhD Students:

Technicians:

Masters Student:



    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Annual Report 2009 .53 

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 contribu-
tes 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 percentage 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 express 
inhibitors of activating stimuli: why do they respond to activating stimuli then? Is response predisposed 
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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1. Molecular and genetic mechanisms involved in epidermal self-renewal and diffe-
rentiation. 

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.

Mechanistically, Rac1 modifies the activity of the transcription factor Myc to control the function of epSCs 
(Benitah 2005, Watt 2008). Myc is a general regulator of cell proliferation, metabolism and apoptosis, and 
together with p53, is one of the most common molecular lesions in human cancers (Watt 2008). Low, 
steady-state levels of Myc drive proliferation and repress the expression of matrix-adhering proteins, 
thereby allowing epSC niche exit (Watt 2008, Gebhardt 2006). However, increased Myc activity results 
in hyperproliferation, genome instability, and a predisposition to develop squamous carcinomas (Watt 
2008). In inactvite epidermal stem cells, Rac1 stimulates the ser/thr kinase activity of PAK2, which then 
phosphorylates Myc at its C-terminus (Watt 2008, Benitah 2005). Phosphorylated Myc can no longer 
bind to specific DNA elements within the promoters of its target genes, nor interact with its transcriptional 
partner Max (Watt 2008, Benitah 2005). Consequently, EpSC proliferation and exit from the niche are 
impaired, preventing their activation. 

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 (Affymetrix) of human EpSCs in their active versus inactive state has been obtained. In addition, 
we have undertaken a large scale proteomic approach to identify proteins that interact with members 
of the Rac1/Myc signalling cascade in epidermal stem cells. We are combining these two approaches, 
microarray data and proteomics, to identify new players relevant for different aspects of epidermal stem 
cell behaviour. 

Selected targets are being validated using cellular and molecular biology tools with primary cultures, as 
well as with our in vivo mouse models.

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

Cancer and aging are two biological process that may seem unrelated. However, recent evidence de-
monstrates that they share many similarities, with the process of cellular senescence acting as a direct 
link between the two. Cellular senescence is an irreversible cell cycle arrest, that is induced in response 
to a variety of cellular stresses. The best characterised of these stimuli is the activation of oncogenic sig-
naling. In response to such signals, cells enter into a senescent state as a primary defense mechanism 
to curtail aberrant proliferation. As such, senescence is a potent tumor suppressive mechanism that 
prevents the early stages of tumor growth. However, senescence is also induced when cells reach the 
end of their lifespan and are unable to proliferate further, a process induced by telomere shortening and 
DNA-damage. Increasing evidence suggests that such replicative senescence is a major cause of in vivo 
aging in animals and humans. At the molecular level, the main mediators of the senescence pathway 
include tumor suppressors and oncogenes such as p53, p16, Ras and Myc, all of which are increasingly 
being linked to the aging process.  As such, any factor that regulates senescence can have a major 
impact on both the process of cancer and aging.

We have previously identified the p53-family member p63 as one such critical mediator of senescence, 
having direct effects on both cancer and aging. Using mouse models and primary cell cultures, we found 
that a deficiency of p63 induces a program of premature senescence and accelerated aging in vivo, 
providing further evidence linking these two processes. However, we have recently found that p63 is 
also a critical mediator of oncogene-induced senescence, having striking effects on tumor development. 
Together, these studies highlight the importance of p63 in regulating the balance between cancer and 
aging, most likely through the regulation of cellular senescence.

RESEARCH PROJECTS

1. Investigating the role of p63 in the pathogenesis of Squamous Cell Carcinoma

Squamous cell carcinoma (SCC) is one of the most frequent solid tumors worldwide, representing the se-
cond 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. Recently we identified ΔNp63a as an oncogene 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 ΔNp63a promotes SCC by inhibiting the process of Ras-induced 
senescence. Surprisingly however, we found that the tumorigenic cells that could bypass senescence and 
form SCC in response to overexpression of ΔNp63a possess many features of stem-like cells, 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 the processes by which ΔNp63a 
is oncogenic, focusing on identifying the mechanisms involved and the processes by which stem-like 
properties may favour tumor development.

Figure 1
Senescence-associate β-galactosidase 
staining identifies senescent cells (blue 
stain). Note the characteristic mor-
phology, 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 deve-
lopment

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 su-
ggested that it is the p63-positive stem cells that undergo malignant transformation during prostate tumor 
initiation. However, 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 com-
plicate 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. The goal of this project is to investigate the function of p63 in the prostate gland, with particular 
emphasis on its roles in prostate stem cells and prostate tumor development. 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 prostate tumor development that can 
be targeted for therapy in future studies.

3. Novel pathways linking cancer and aging

In our ongoing investigations into the mechanism of action of p63 during tumor development, we have 
identified the Lsh/Hells gene as a novel p63-target that is required for senescence bypass and tumor 
initiation. Lsh is a member of the SNF2-family of chromatin remodelers that is involved in promoting DNA 
methylation and transcriptional silencing, through recruitment of DNA-methyltransferases or direct inte-
raction with members of the Polycomb-repressive complex-1 (PRC1). Interestingly, mouse models defi-
cient for Lsh exhibit premature aging and enhanced cellular senescence. In our studies, we find that Lsh 
is overexpressed in p63-expressing tumors, while knockdown of Lsh prevents senescence bypass and 
aberrant tumor-initiating cellular proliferation. We are currently investigating the function of Lsh in stem-cell 
homeostasis, tumor initiation and aging.

PUBLICATIONS

Guo X,  Keyes WM, Papazoglu C, Zuber J, Li W, Lowe SW, Vogel H and Mills AA. 
“TAp63 induces senescence and suppresses tumorigenesis in vivo.”
Nat Cell Biol 11(12):1451-7 (2009).

Figure 2
Squamous Cell Carcinoma induced 

by ΔNp63a overexpression with 
the oncogene Ras, stained for 

H&E (a), p63 (b), Keratin 14 (c) and 
β-catenin (d).
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The mission of the Genes and Disease Programme is to perform research on the molecular ba-
sis 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 ex-
perimental approaches with advanced genetic strategies to elucidate biological determinants of 
common human disease.

Efforts of the Genes and Disease Programme researchers are focused on analysing sequence and 
genomic variants of the human genome that could participate in the predisposition to disease. 
Specific collective work within the Programme is focused on understanding the function of genes 
with potential implications in mental retardation and neurodegeneration, by using cellular and ani-
mal models. Programme researchers use murine models to develop therapeutic approaches that 
could correct features involved in mental retardation, anxiety disorders and cancer.

Translational research is a primary concern of many Genes and Disease 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 Medical Research Council, and other biomedical 
research networks at the regional, national or international levels. The programme isorganised in 
four groups and will expand with new groups in the field of medical systems biology in the next 
years. The genotyping core facility (CeGen) is associated to programme and has fully been su-
pported by external funds (Genoma España).

> Gene Function and Murine Models of Disease (Mariona Arbonés/Susana de la Luna)
> Neurobehavioral Analysis (Mara Dierssen)
> Genetic Causes of Disease (Xavier Estivill)
> Gene Therapy (Cristina Fillat)

The programme currently 
consists of four research 

groups:
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SUMMARY

We are interested on how the variability of the human genome contributes to phenotype and com-
mon human disease. The availability of sequence information of the genomes of several individuals 
has provided the view that genetic variability is much larger than initial estimations. Genomic variability 
has different forms, single nucleotide polymorphisms (SNPs), structural variations (mainly copy number 
variants or CNVs, and insertion/deletion (indel) variants. Our work aims to understand how these variants 
influence common human disorders. We are also interested in the study of epigenetic modifications 
and small non-coding RNA pathways, as susceptibility factors in complex diseases (neuropsychiatric 
and neurodegenerative disorders). We are approaching these questions through genomic platforms that 
explore SNPs and CNVs and use deep sequencing for the characterisation and analysis of small non-
coding RNAs. Functional studies are being used to address the consequences of the genetic and epige-
netic changes in cell physiology and pathology. The study of disorders in which the interaction between 
genes and environment seems to play an important role in the development of the disease status is also 
a major focus of our research.

RESEARCH PROJECTS

1. Structural variations and human disease

Large-scale segmental duplications (SDs) have played an important role in hominoid evolution and can be 
hotspots for non-allelic homologous recombination leading to deletion, duplication, inversion or transloca-
tion. Many of these SDs coincide with structural variations or copy number variants (CNVs) of the human 
genome. We are studying the genomic organisation of regions with structural variation in samples from 
different ethnic groups. We are also evaluating the nature of sequences contained in SDs and CNVs, inclu-
ding repetitive elements, transposable sequences and non-coding RNAs. Ongoing efforts will involve the 
evaluation of piRNAs in structural variations and their role in protecting the DNA sequence during important 
phases of the cell life.

We are systematically performing comparative genomic hybridization (CGH) experiments and we are using 
multiple technologies to further analyse SDs and CNVs at the genome scale for several common disorders. 
CNVs with specific profiles for several common disorders are being investigated. Genes located within se-
quences containing structural variants are object of major attention by the group. Disorders that are studied 
include schizophrenia, stroke, psoriasis, multiple sclerosis, asthma Parkinson’s disease and fibromyalgia. 
The goal is to identify genomic variants that have functional consequences for these disorders.

We have made specific progress in psoriasis, a chronic disorder of the skin affecting most ethnic groups, 
but with the highest prevalence (3%) in northern Europeans. We have identified a common CNV that invol-
ves the deletion of two genes (LCE3B and LCE3C) in a significant fraction of patients with psoriasis. The 
lack of these two genes, highly expressed in the injured epidemis, brings skin barrier alteration as a new 
player in psoriasis susceptibility. This association has been replicated in several populations and constitutes 
one of the main loci associated with psoriasis.

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 characterize 
the spectrum of non-coding RNAs and structural variants 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).
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2. Genetic variants associated to psychiatric disorders

We are evaluating several psychiatric disorders (substance-abuse, anxiety, eating, psychotic and mood 
diseases) for potential functional SNPs in genes involved in neurotransmission and/or neurodevelopment. 
We found that multiple SNPs are strongly associated with several disorders. Specific progress has been 
achieved for bipolar disorder, obsessive-compulsive disorder and major depression. We have found that 
CRY1 and NPAS2 are associated with unipolar major depression and CLOCK and VIP with bipolar 
disorder. We have also identified that a brain-derived neurotrophic factor haplotype is associated with 
therapeutic response in obsessive-compulsive disorder. We have systematically characterized miRNA 
polymorphism in several psychiatric phenotypes and carried out functional assays. This has lead to 
detect allele variants in functional MicroRNA target sites of the neurotrophin-3 receptor gene (NTRK3) as 
susceptibility factors for anxiety disorders. Other studies for other psychiatric phenotypes are ongoing.

We are exploring the potential role of variants in miRNA targets in candidate genes for neuropsychiatric 
disorders. Reporter-gene assays based in dual luciferase and miRNA mimics transfection in HeLa cells 
have shown 11 miRNAs as post-transcriptional regulators of different NTRK3 isoforms and 7 miRNAs 
as regulators of BDNF. We have also studied the putative targets of two clustered miRNAs found to be 
downregulated in Parkinson disease samples. To this aim, a dopaminergic neuronal cell line was trans-
fected with the miRNA mimics or inhibitors and the mRNA expression profiles were subsequently studied 
using Illunmina arrays. The mRNAs differently expressed in the cells presenting the miRNA downregula-
ted should provide valuable information about the putative targets of this miRNA.

We have studied the genetic variability of miRNAs and their possible implication in susceptibility to di-
sease. Case-control studies have been performed in more than 1300 patients with different psychiatric 
disorders and in control subjects. We have detected several associations for anxiety disorders, eating 
disorders and schizophrenia. Functional studies based in luciferase gene-reporter assays have already 
been performed and show that four of these miRNAs regulate candidate genes for panic disorder, such 
as HTR1A and HTR2C. Transcriptome analysis has revealed several neurological related pathways to be 
altered when two of these miRNA are overexpressed in a neuroblastoma cell line. One of these miRNAs 
is a brain-enriched miRNA that has been shown to regulate three candidate genes for schizophrenia. For 
obsessive-compulsive disorder and affective disorders several associations have also been found that 
are now under investigation. Replication studies in several cohorts of patients with psychiatric disorders 
are ongoing.
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3. Functional genomics of neurological disorders

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 used Illumina/Solexa deep sequencing to analyse and characterize small non-coding RNAs in 
different affected and non-affected brain areas of individuals with neurodegenerative disorders. miRNA 
variability has recently been described using several large scale sequencing strategies. These multiple 
mature miRNA variants have been referred as isomiRs. It has been proposed that much of the IsomiR 
variability can be explained by variability in either Dicer1 or Drosha cleavage positions at the 5’-end or 
3’-end of the miRNA-precursor, during miRNA biogenesis (5’- or 3’-trimming isomiRs). The 5’-trimming 
variants are of particular interest since they affect the seed region of the miRNA (positions 2-8 of the 
miRNA), which is key for the recognition and silencing of mRNA targets. We have generated a web-
based bioinformatic tool to analyze miRNA variability at different levels including length and frequency 
distributions and differential expression between samples. With this tool we have identified miRNA and 
IsomiRs with putative functions in physiological and pathological processes.  

We are also studying the role of small non-coding RNAs in neurodegeneration associated to triplet repeat 
expansion diseases such as Huntington disease (HD) and fragile X-associated tremor ataxia syndrome 
(FXTAS). In triplet repeat expansion diseases, it has been recently shown that short CAG repeats genera-
ted from mutated long repeat hairpins, act as siRNAs and use the RNA interference machinery to trigger 
downstream effects.
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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. In the coming decade, it is foreseen that molecular therapy in gene-
ral and gene therapy in particular will be used to treat patients on an individual basis. Gene therapy has 
also a great potential in complex diseases as a powerful genetic tool to contribute to the identification 
of the functional role of specific genes and/or small non-coding elements. Our research is interested 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 to 
evaluate therapeutic response or phenotype rescue in preclinical mouse models. 

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 in cycling cells. We have proved to boost the 
potency of adenoviruses when TK was expressed at the late phase of viral replication. We are actively 
working on providing tumor selectivity to those viruses. This year we have shown that the transcriptional 
control of key viral genes using particular promoters confers selective replication. With the analysis of the 
keratin 7 promoter (K7p), a keratin expressed in simple epithelia, we have shown that by driving trans-
cription with K7p it is feasible to achieve a restricted expression of the controlled genes, while mantains 
a selective expression in ductal cells of the pancreas. The studies on the uPAR promoter have shown the 
potential of this regulatory sequence to slectively and actively express genes in pancreatic tumor cells, 
and to trigger adenoviral replication efficiently to stop tumor progression and selectively eradicate liver 
metastasis in mouse models of tumorogenesis. We are currently working on the selective tumor control 
of adenoviral replication by means of several post-transcriptional strategies together with viral capsid 
modifications.

The group is also interested in the understanding of the basic mechanisms of tumor cell killing induced 
by viral lysis and the TK/GCV systems and on the definition of its activity in the heterogeneous population 
of cells that constitute a tumour. 
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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 appro-
ach 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 diabling trait in DS. We are currently studying the impact that, 
normalizing Dyrk1A in the hippocampus can triggger on the cognitive function in DS models. Studies 
on the molecular mechanisms by which the normalization of Dyrk1A can reverse such phenotypes are 
also being explored. 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.

Figure 1. 
Tumour Selective Gene-Virotherapy

Figure 2. 
Hippocampal neurons in vivo 

transduced with AAV2/1-GFP
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“X-linked thrombocytopenia (XLT) due to WAS mutations: clinical characteristics, long-term outcome 
and treatment options.” 
Blood, in press.

Book Chapters

Fillat C, Abate-Daga D. 
“Terapia Génica. Biotecnología y Biofármacos.” 
Ed. Colegio Oficial de Farmacéuticos, in press.

Fillat C, González-Foix A Ma, Arán JM. 
“Tratamiento de enfermedades genéticas y modelos de enfermedad.”
In: Medicina Interna, Decimosexta Edición, Ed. Farreras Rozman. Sección 9 Genética Médica (2009).

Other Publications

Dierssen M, Azcona G, Fillat C, Toiber D, Soreq H. 
“Bases moleculares de la neuropatología del síndrome de Down: implicación de DYRK1A.” 
Publicación del VI Premio «Jaime Blanco» de investigación en el síndrome de Down. Editorial Nueva 
Imprenta, Madrid (2009).

PATENTS

Inventors: Cristina Fillat, Meritxell Huch 
Title: “Adenovirus de replicación condicional efectivo en el tratamiento de tumores” 
Application form No: ES P200900597
Priority Country: Nacional
Priority date: 25/02/2009
Companies that are licensing it: not being licensed



GENES AND DISEASE

Gene Function and Murine Models of Disease
Susana de la Luna has an ICREA Group Leader position.

Mariona Arbonés / Susana de la Luna

María José Barallobre (CIBERER researcher, since Sept 2009), Esteban Rozen (since July 2009)

Krisztina Arató, Elisa Balducci, Chiara di Vona, Eulàlia Salichs (until July 2009)

Sonia Najas, Andrea Senna (CIBERER researcher, since March 2009)

Erika Ramirez, Alicia Raya

Group:

Group structure:
Group Leaders:

Postdoctoral:

PhD Students: 

Master Students:

Technicians:



74 . Annual Report 2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

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 alterations 
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 by at least 
50% due to gene dosage. Because of the complexity of the Down syndrome phenotype, it is very likely 
that the increased expression leads to perturbations in a great variety of biological pathways. Further-
more, it is predictable that many HSA21 genes can interact functionally with each other within particular 
signalling pathways. Understanding the functional roles of the overexpressed genes will not only help to 
delineate the specific biological or biochemical processes affected but also to identify pathways that are 
particularly sensitive to dosage variations in any of their components. In this regard, strong emphasis has 
been made during the last years in trying to elucidate the role of a HSA21 kinase, DYRK1A, in central 
nervous system development. 

The group studies the functional roles of several HSA21 genes using a combination of in vitro and in vivo 
analysis that involved the use of mouse models with different dosage of the genes of interest.

RESEARCH PROJECTS

1. Assigning functional roles to HSA21 genes.

Two HSA21 genes are special focus of the group interest, the protein kinase DYRK1A and the calcineurin 
regulator RCAN1/DSCR1. The products of the two genes participate in controlling the phosphorylation 
status of their target proteins, either directly in the case of the kinase or indirectly through the inhibition of 
the phosphatase calcineurin, in the case of RCAN1. The two proteins share targets such as the family of 
transcription factors NFAT or the endocytic protein dynamin, and their action on them leads to synergis-
tically induce a hyperphosphorylated state. 

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. 
With this approach, we have succeeded in establishing a functional link with receptor tyrosine kinase 
(RTK) signal pathways through the functional characterization of the RTK antagonist Sprouty 2 as a part-
ner and substrate of DYRK1A. Likewise, the identification of caspase-9 as a substrate of DYRK1A has 
allowed us to associate pro-survival activities to DYRK1A. Other putative DYRK1A interacting-proteins 
are currently being explored.

Our work on RCAN1 has allowed us to propose a molecular mechanism for its inhibitory activity on 
calcineurin. The inhibitory action of RCANs on calcineurin-NFAT signaling results not only from the in-
hibition of phosphatase activity but also from competition between NFAT and RCAN for binding to the 
same docking site in calcineurin. The two acitivities of RCANs, binding to and inhibition of calcineurin, 
are structurally linked but do not overlap. Notably, this situation is reminiscent of some inhibitors of 
the phosphatase PP1. Thus, we have proposed that this mechanism, a combination of a docking site 
with a cis-regulatory element, could be a feature of the phosphatase superfamily. Our results have also 
highlighted that competition by substrates and modulators for a common docking site appears to be an 
essential mechanism in the regulation of Ca2+-calcineurin signaling.
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2. DYRK1A roles during nervous system development 

DYRK1A plays an important role in mammalian brain development because mice and children with a 
loss-of function mutation in DYRK1A locus present microcephaly. The underlying pathological mecha-
nisms are not well understood. 

Some brain structures in Dyrk1a+/- heterozygous mutant mice present an important neuron loss. 
Likewise, the retina, which is another central nervous system structure that is significantly reduced in 
size in Dyrk1a+/- mice, present a severe hypocellularity. Conversely, mice with an additional copy of 
Dyrk1a gene have bigger retinas with increased number of neurons. To get some insights into the role of 
DYRK1A in nervous system development we have chosen the retina as a model system. We demonstra-
ted that differences in retina cellularity in Dyrk1a mutants are due to an altered physiological apoptosis. In 
addition, we showed 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, which is decreased in the loss-of function mutants and increased in the gain-of function mu-
tants. These results showed that phosphorylation of caspase-9 by DYRK1A is the mechanism whereby 
DYRK1A regulates cell number in the retina.

Examination of the formation of particular type of brain neurons, i.e. midbrain dopamine neurons, in mice 
with 1 or 3 functional copies of Dyrk1a have revealed an altered developmental apoptosis in the brain of 
these mutants. Like in the retina, apoptosis in the brain is increased in Dyrk1a loss-of function mutants 
and decreased in the gain-of function mutants. These observation indicate that deregulation of caspa-
se-9 mediated apoptosis is likely contributing to the altered brain size and cellularity in Dyrk1a mutant 
mice and, probably, in people with aneuploidies involving DYRK1A gene. The putative role of DYRK1A in 
controlling the homeostasis of neuronal precursor cells in the brain is now under investigation.

3. Functional impact of homopolymeric histidine repeats
Eulália Salichs 

Based on our findings that the histidine (His)-rich segment present within the DYRK1A carboxy-end 
is a signal for targeting to the subnuclear compartment known as nuclear speckles or splicing factor 
compartment, we would like to find out the functional impact of homopolymeric histidine repeats. This 
research line is carried out in collaboration with Mar Albá (ICREA-IMIM, Barcelona).

Single amino acid repeats, also known as homopolymeric tracts, are very common in eukaryotes and 
between 18-20% of proteins in the human genome contain such repetitive sequences. Although most of 
them are thought to be functionally neutral, recent evidence suggests they may play important functional 
or structural roles. Indeed, several studies have demonstrated that there is a strong correlation between 
genes associated with human diseases and genes encoding proteins with amino acid runs. Among 
homopolymeric tracts, His-repeats are relatively rare in eukaryotes. The physicochemical properties of 
His make it a versatile amino acid that can fulfill different roles, influencing protein conformation and en-
zymatic activity. Our work has shown that His-repeats can work as a general targeting signal to nuclear 
speckles, and further suggested that these repeats are a way of generating evolutionary diversification 
in gene duplicates.

Figure 1. 
Synergistic effect of DYRK1A and 

RCAN1 on the calcineruin-NFAT 
signalling pathway.
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Figure 2. 
DYRK1A accumulates in nuclear spec-
kles (or splicing factor compartment) 
via its homopolymeric histidine repeat.
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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

1. Mental retardation

The first research line of our group is aimed at dissecting the genetic architecture of mental retardation. 
During the last year we have contributed to characterize the functional and structural organization of 
the cognitive networks in Down syndrome (DS) models and the mechanistic aspects underlying the 
neuropathology. 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 Dierssen et al 2009). However, the link between the 
genetic and neuronal basis of the alteration and the corresponding behavioral and cognitive phenotype 
is still missing. 

We have addressed different problems during 2009:

a) In order to explore the complex genetic interaction networks, we have performed a large-scale analy-
sis of gene interactions involved in cognitive phenotype using genetically engineered aneuploid mice for 
overlapping mouse chromosomes homologous to HSA21 (Lopes-Pereira et al 2009). These tools will 
help to dissect the associated to specific trisomies/monosomies and their combinatory interactions. We 
have also continued the characterization of single gene transgenic models focusing on the fine dissection 
of different forms of learning and memory and other cognitive domains using innovative experimental 
paradigms and tracking tools (Arqué et al 2009, Azkona et al 2009, Azkona et al submitted) and at the 
molecular levels (Azkona, PhD thesis; Azkona et al, in press; J. Blanco Award 2009).

b) Dissection of the molecular mechanisms affecting neuronal network formation in primary cortical 
cultures, analyzing genetically-driven alterations in dendritic structure (Martínez de Lagrán et al in pre-
paration) and the possible involvement of Rho signaling and actin cytoskeleton (EU project granted; M 
Dierssen, coordinator). 

Figure 1. 



    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Annual Report 2009 .79 

c) Epigenetic contributions to the functional and structural anomalies in DS. We have analysis histone 
deacetylation patterns (coll. L diCroce), and DNA methylation patterns (coll. M Esteller) and to the phe-
notypes of cortical neurons, by generating mice with chimeric cortices in which neuronal precursor cells 
of trisomic or transgenic (DS) genotypes are under the influence of euploid host neurons (G Arqué, S 
Martínez, M Dierssen, in preparation). 

d) We explore if environmental complexity ameliorates motor, cognitive and emotional functions with sta-
ble consequences on the neuronal organization of perception and cognition and impact on the organi-
zation of the perceptual and cognitive systems to assess whether synthetic enrichment and augmented 
feedback is effective in promoting cognition in DS (M Pons PhD thesis). 

e) 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 inhibi-
tion in the cortex (coll. MV Sánchez-Vives; IDIBAPS) and the cerebellum (Coll. P Verschure, D Konforty, 
UPF).

f) We are also collaborating with other research groups focusing on neurodegenerative disorders (Giralt 
et al 2009; Botella-López et al 2009).

2. Neuropsychiatric disorders

A more recent research line is aimed at identifying genetic causative and vulnerability factors underlying 
neuropsychiatric disorders. We focus on: 

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). We also study the common neurobiological pathways responsible for co-morbid processes such 
as stress and drug abuse disorders (Amador-Arjona et al 2009; Gallego et al 2009), and we analyze 
the structure of fear memories: modulation of persistence of amygdala- and hippocampus-dependent 
fear memory, varying hippocampal involvement with contextual pre-exposure and contextual blocking, 
background and foreground context and trace conditioning protocols. In this regards it is important top 
study the modulation of memory persistence in training conditions with different salience, and the con-
tribution of different candidate genes to the sensitivity to panicogenic/panicolitic agents (M Do Santos, 
in preparation). 

Figure 2. 
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b) Nicotine dependence
The second line is focused on the genetic-susceptibility to nicotine dependence (X. Gallego et al, presub-
mission enquiry accepted in Nat. Neurosci; 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; Heyne et al 2009) and in the bioinformatic analysis of the behavioral 
structure.
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Addiction Biology, 14, 373–383 (2009).

Azkona G, Amador-Arjona A, Obradors-Tarragó C, Varea E, Arqué G, Pinacho R, Fillat C, de la Luna S, 
Estivill X, Dierssen M. 
“Characterization of a mouse model overexpressing BACE2 reveals a new role for BACE2.” 
Genes Brain Behav, [Epub ahead of print]

Lopes Pereira P, Magnol L, Sahún I, Brault V, Duchon A, Prandini P, Gruart A, Bizot J-C, Chadefaux-
Vekemans B, Deutsch S, Trovero F, Delgado-García JM, Antonarakis SE, Dierssen M, Herault Y. 
“A new mouse model for the trisomy of the abcg1-u2af1 region reveals the complexity of the combi-
natorial genetic code of Down syndrome.” 
Human Mol Genet 18:4756-69 (2009).

Figure 3. 
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The Bioinformatics and Genomics programme includes a number of research groups, which use 
computational analysis in genome research. Currently, the programme includes four groups, those 
lead by Roderic Guigó, Cedric Notredame, Toni Gabaldón, and Fyodor Kondrashov.  Dr. Gian 
Gaetano Tartaglia is expected to join in May 2010. 

In addition to carry out their own research agenda, the groups have established a number of solid 
collaborations with several experimental groups from other CRG programmes. The program has 
also taken active leadership in the delineation of the newly established CRG genomics unit, which 
will provide service in ultrasequencing, microarrays, genotyping, and bioinformatics, as well as in 
the design and implementation 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), starting on May 2010

Current structure 
of the programme:

5 Research Groups:
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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, with emphasis in protein coding genes and their splice 
variants. Our group is involved in both the development of software for gene prediction in genome se-
quences, and in the investigation of the signals involved in gene specification. Our group has actively par-
ticipated 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

It has become recently evident that a major portion of the genome is being transcribed, and that protein-
coding sequences only account for a minority of cellular transcriptional output1,2,3.  Discovery of RNA 
interference (RNAi)4 in Caenorhabditis elegans and a subsequent identification of a new class of small 
RNAs known as microRNAs5,6 led to a greater appreciation of RNA’s role in regulation of gene expres-
sion. Small RNAs, however, seem to represent only a minority of the non-coding transcriptome, and long 
noncoding RNAs are emerging as a major functional class.   Cytosolic long noncoding RNAs (lnRNAs) 
originate both from genic and intergenic regions, have introns and poly(A)-tails, but do not contain a 
functional open reading frame (ORF). Until very recently, only a handful lnRNAs where known in mam-
mals, such as those liying in the imprinting7and X-inactivation8 loci. 

However recent research using large scale cDNA sequencing9 and specific chromatin signatures10 have 
revealed the existence of hundreds of lnRNAs in the mouse genome. Comparative genome sequence 
analysis shows that lnRNAs tent to evolve slower than neighboring neutral sequences—and indication 
of functionality11. More recently, chromatin signatures have also helped to uncover about a few thousand 
intergenic lnRNAs (lincRNAs) in the human genome—many of which appear to affect gene expression 
by associating to chromatin modifying complexes12. The GENCODE annotation13, produced within the 
framework of the ENCODE project14 contains also a large collection of lnRNAs supported by cDNA 
evidence. 

We have recently analyzed a set of 3,019 lnRNAs not overlapping protein-coding loci (equivalent to lincR-
NAs) from GENCODE. We have found that these lnRNAs also display evolutionary sequence conserva-
tion and a specific pattern of splicing distinct from that of protein-coding transcripts. A number of these 
RNAs cluster in well-defined gene families, and within some of which we have found a large number of 
compensating mutations, suggesting the presence of a common structural fold. Using RNAseq we have 
shown that lnRNAs display differential tissue expression, which is closely paralleled with their associated 
active or repressive chromatin signatures.  Importantly, we found increased expression of a number 
of LnRNAs following differentiation of adult human stem cells. Functional analysis of these lnRNAs in 
multiple cell lines revealed their positive regulation of the neighboring protein-coding transcripts (Figure 
1). A manuscript describing these findings is currently being considered by the journal Nature. Furher 
supporting the functionality of lnRNAs, we have found, after analysing RNAseq from 60 CEU individuals 
densily genotyped within the HapMap3 project15, that the proportion of transcripts with eQTLs is similar 
in lnRNAs and protein-coding genes. In this work, we have applied the Flux Capacitor to quantify the 
expression of individual alternative transcript isoforms (see section 2).  The paper describing these results 
has been accepted in the journal Nature.
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2. Transcriptome reconstruction from RNAseq experiments

Further enhancing our capacity to interrogate the transcriptional activity of the human genome is the 
recent development of sequence instruments of the so-called Next Generation (NGS). Indeed, these ins-
truments provide the sufficient sequencing depth, in principle, to fully characterize the transcriptome of 
the cells, which is to identify all transcript species and to quantify their relative abundance. However, the 
most cost-effective such technologies typically produce very short sequence reads, which compounds 
transcript reconstruction and quantification. Indeed, we have recently shown 16 that in common scena-
rios neither single nor paired-end read sequences guarantee theoretically that all transcript variants and 
their abundances can be solved. We formulated the problems of transcript reconstruction as a system of 
linear equations in which the abundance of the sequence reads are simply the sum of the abundances 
of the transcript variants from which they originate. We demonstrated that even for very simple transcrip-
tomes, and assuming infinite coverage and uniform read distribution, the system of linear equations is 
under-determined, and that it has, therefore, no unique solution.  We have also shown, however, that in 
the practice paired-end reads can solve the majority of the transcript variants, and that single reads can 
be effectively used to efficiently discriminate between alternative splicing abundances, provided that an 
underlying transcript annotation exists. We have thus started to work in the development of computa-
tional tools to reconstruct and quantify transcript sequences from short sequence reads (see Research 
Design and Methods) and as mentioned above we are also currently collaborating with the ETD group in 
a population variation analysis of RNAseq. Methods like this, together with technological advances that 
result in increasing read length and throughput, promise that full characterization of the RNA complement 
of the cell will soon be possible. A number of groups worldwide are working on the development of me-
thods to reconstruct transcript sequences and infer transcript abundances from massively parallel RNA 
sequencing (RNAseq) experiments, and an assessment project has been launched (http://www.sanger.
ac.uk/PostGenomics/encode/RGASP.html) to evaluate current progress towards that end. Assessment 
of RNAseq reconstruction methods, however, is seriously compounded by the lack of an experimentally 
verified gold standard, that is, of a complex RNA population which can be easily replicated and in which 

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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the abundance of all transcripts, including alternative spliceforms within the same gene, have been care-
fully calibrated. To address this shortcoming we have been working on the development of an RNAseq 
simulator, which we call the FluxSimulator, a program that given a transcriptome, that is, a set of RNA 
sequences, and attached abundances, simulates the different steps of an RNAseq experiment and pro-
duces a set of short reads originating from the transcript sequences. In this way, we can evaluate how 
different methods and strategies perform when reconstructing the original transcript population from the 
set of simulated reads. 

The FluxSimulator contains two modules. The first module is a transcriptome simulator. It takes as input 
a reference annotation for the genome—that is a set of genes and transcripts—and assigns to each 
transcript a expression value y according to the formula:

where x is the expression rank of the                         transcript, x0 the expression level of the highest 
abundant transcript, and k is a cell type specific parameter close to -1. Our analysis of published trans-
criptomic data shows that such a profile exhibits a linear log-log shape for highly expressed genes, which 
becomes exponential decay towards the spectrum corresponding to low abundant transcripts. This is 
represented by factor x1, that sumarizes the turnover of rare RNA species, cell population size and se-
quencing depth of the conducted RNASeq experiment (Figure 4, top-left). 

The actual RNAseq simulator module takes as an input a real or simulated transcriptome, that is, a set 
of RNA sequences with attached abundances, and simulates the different steps of the RNAseq experi-
ment: the reverse transription (RT) of the RNA to generate a cDNA library, the fragmentation of the DNA, 
and the sequencing itself. Each of these steps can be carried out using different protocols leading to 
alternative strategies to perform the RNA experiments, each of which has its own inherent biases. Our 
goal is for the FluxSimulator to be able to simulate multiple protocols and strategies. A few of these proto-
cols (poly-dt vs random priming for the reverse transcription; nebulization vs cleavage for fragmentation, 
paired- vs single- reads, stranded vs unstranded for sequencing) have already been implemented. In 
Figure 2, we display the results of the simulation of a number of real RNAseq experiments, and the com-
parison of our simulations with the experimental results. In general, there is a good agreement between 
experimental and simulated data—at least when comparing the bias in the read distribution along the 
transcript. Figure 3 shows a prototype for the interface of the Flux Simulator.

Figure 2. 
Simulation of transcriptomes and 

RNAseq experiments. 
Top Left: Expression profiles obtained from 

RNASeq experiments in different species: 
Homo sapiens 17, Mus musculus 18, 

Arabidopsis thaliana 19 and Saccharomyces 
cerevisiae Reads have been mapped to 
reference annotations for each of these 

species: RefSeq 20 for human and mouse, 
TAIR 21 for A. thaliana, and SGD 22 for 

yeast. Normalized expression values (rpkm) 
have been ranked and they are given for 

every rank percentile. Rest of the panels:  
Distribution of real and simulated reads 

(in blue) along the transcripts in different 
RNAseq experiments. The X-axis is the nor-

malizaed transcript length, and the Y-axis 
normalized read density. Transcriptomes 

have been simulated using as input the re-
ference annotations mentioned above, and 
the RNAseq has been simulated according 

to the experimental protocol employed. 
The distribution of the corresponding ex-

perimental data is shown by superimposed 
red bars. Top Right: RT with Random 

Priming followed by Nebulization in human 
(unpublished data);  Bottom left: Chemical 

cleavage followed by RT with random 
priming in mouse (Mortazavi et al, 2008); 

Bottom  Right:  Poly-dT Priming followed 
by Nebulization in A.thaliana 19. 
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2.1 Reconstruction and Quantification of RNAseq data

We are developing a software, the FluxCapacitor, to reconstruct transcript abundances from RNAseq 
data. The current version of the software assumes an underlying annotation, and therefore it is only able 
to attach abundances to previously known transcripts. We are working on a new version of the  FluxCa-
pacitor so that it is able 1) to assemble “de novo” transcripts from the RNAseq data, and attach abun-
dances to all, annotated and novel, transcripts, and 2) attach allelic origin to the quantified transcripts. 
Currently the FluxCapacitor takes as input an annotation on a reference genome and a set of sequence 
reads produced through an RNAseq experiment and mapped into the genome. In the first step the trans-
cript annotation corresponding to each locus is converted into a special form of a splicing graph (Figure 
6, top and middle), onto which sequence reads are mapped. Edges in the graph represent (parts of) 
exons and introns, and reads that map to an edge correspond to the reads originating from the different 
transcripts including that edge. In our approach to reconstruct transcript abundances, the number of 
reads mapping to each edge is the sum of the abundances of the transcripts including that edge plus 
some experimental noise di (equation in Figure 3, top). The collection of all those edge-constraints across 
the splicing graph results in a system of linear equations, which is subsequently solved using linear pro-
gramming, with the objective function of minimizing the sum of all edge-noises di. Transcript expression 
levels are derived directly from the solution of the system. Because experimental biases, reads are not 
uniformely distributed across the transcript length (Figure 2). Therefore, the expected number of reads 
originating from a given transcript mapping to an edge does not depend only on the size of the edge, 
but on the relative position of the edge along the transcript, and on the length of the transcript (Figure 
4, bottom).  As a general approach, we build expression profiles directly from the input read data, which 
serve as templates for the estimation of expression fractions.

Figure 3. Graphical user interface of 
the FluxSimulator.
The simulation pipeline comprises different 
steps. The histograms in the screenshot 
show prospective read distributions along 
transcripts, broken down by different 
transcript lengths and expression levels. A si-
mulated northern blot summarizes the length 
distribution of obtained cDNA fragments. 
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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. The results have contributed to the formulation of the “key nucleosome” 
concept.

4. Nucleosome positioning and 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 weakness 
of the sites (Figure 5). These observations strongly suggest that positioning of nucleosomes influences 
RNA splicing.

Figure 4. The FluxCapacitor. 
Splicing graph representing the alternative 
splice forms corresponding to one locus. 

Edges correspond to unique exon seg-
ments (solid arrows) and introns (dashed 

arrows). For each such Xi the number 
of reads mapping it is the sum of of the 

expected contributions fx (i.e., “flows”) of 
the transcripts including the edge, that is 

the sum of the transcript’s expression, the 
unknowns, plus some error or noise dj. 

Because of technical biases, reads are not 
distributed uniformly across the genome 

(bottom of the figure). The expected con-
tribution from each transcript to each edge 
depends on the length and the position of 

the edge along the transcript. The collection 
of linear constraints along all exonic edges 

of the labeled splice graph (i.e., flow 
network) forms a system that is solved by 

linear programming, minimizing the sum of 
all edge noise levels di.
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5. ENCODE Project 

We are part of the NHGRI funded ENCODE project. During the pilot phase of ENCODE, we lead one of 
the research groups. In the scaling phase of ENCODE we participate in the grants lead by Tom Gingeras 
(from Cold Spring Harbour Laboratory), where we are responsible for the bioinformatics, and by Tim 
Hubbard (from the Sanger Institute), where we contribute to build the reference annotation of the human 
genome. We are also leading the RNA analysis working group. A manuscript describing the results after 
the first phase of the scaling project will be ready by the end of this year.  

Recently, we have started a research line on the development of methods to infer alternative transcript 
abundance from the short reads produced by the Next Generation Sequencing Instruments (Lacroix et 
al., 2008)
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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 Ca-
talan government, the group is supported by the Plan Nacional, La Caixa and by two international FP7 
consortiums: 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.

RESEARCH PROJECTS

1. Integration of Multiple Sequence and Multiple Genome Alignments

Our lab has pioneered the development of a new generation of multiple sequence alignment methods, 
based on consistency. We are working actively on the development of a new complementary concept: 
template based sequence alignments. The principle is relatively new and has marked an important shift 
in the field of multiple sequence alignments. While most methods tend to merely exploit the information 
contained in the provided sequences, template based methods couple the multiple sequence alignment 
with a either a database search or a structural prediction that enriches the information content of the se-
quence. After focusing on the combination of multiple protein structures and multiple sequences protein 
sequences, we have now started exploring the alignment of structured non coding RNAs. For this purpo-
se we have developed a novel approach able to incorporate RNA secondary structural prediction within 
the computation of a multiple sequence alignment. The resulting algorithm (R-Coffee) is one of the most 
accurate RNA multiple sequence aligner currently available (as judged by benchmarking on BraliBase). 
R-Coffee is the result of a collaboration with the lab of Des Higgins and the Swiss Institute of Bioinfor-
matics.  Building up on this framework, we have now added two new types of templates: homology ba-
sed templates, where templates are replaced with a profile automatically built and promoter alignments 
where promoter sequences are aligned by taking into account their overlap with known binding sites. 
The long term goal of this approach is to bridge the methodological gap that exists between genome 
alignments (based on nucleotides) and model based sequence alignments. This project is supported 
by the Plan Nacional (G-Coffee project) and is carried out in collaboration with the European Institute of 
Bioinformatics. We also have a very active collaboration with Knut Reinert (Berlin Free University) and 
with the computational department of Lleida University who are helping us improving the underlying 
algorithms and deploying our algorithms onto new parallel hardware.

Figure 1.
Principal of the Template based sequence 

alignments in T-Coffee
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2. Phenotypic and Genomic Comparisons

One of the goals of genomics is to survey variability within species and identify which element of this 
genomic variability can be related to variations measured at the phenotypic level. Achieving such an aim 
supposes that one is able to quantitatively compare genomic and phenotypic variability across indivi-
duals. Yet, reliable methods able to achieve these two goals still need to be developed. Through various 
projects and collaborations, our lab is addressing this problem at all levels. At the genomic level, we are 
developing novel methods and approaches in order to obtain better multiple genome alignments. One 
of our approaches involves exploring how multiple genome alignments can be evaluated with respect 
to their biological correctness. In collaboration with the European Institute of Bioinformatics, we are also 
developing a new generation of multiple genome aligners, designed to handle very large datasets. The 
multiple genome alignments thus obtained are mostly meant to be used for surveying variability across 
species and understand how this evolutionary variability relates to phenotypic variability within popula-
tions. We are applying this methodology within the context of the Quantomics project where our goal is to 
produce multiple genome alignments of farm species and project onto these alignments the information 
acquired through genotyping, while the inter species comparison is meant to provide functional clues 
and allow the identification of the genetic variation more likely to be associated with a phenotype. We 
are also using RNAseq data in order to understand  how genomic variations may affect gene expression 
(that may be viewed as a low level phenotype). Phenotype analysis (i.e. recording and comparison of 
phenotypes) are rapidly becoming one of the bottleneck of genomics. In order to address this important 
question we collaborate with the lab of Mar Diersen (CRG), developing new methods, based on Hidden 
Markov Modelling for the analysis of longitudinal recording in mice. Longitudinal recording are methodo-
logies that allow the recording of a given parameter over time. In this context our goal is to seek new 
ways of comparing these recordings. For that purpose we are using a methodology that was originally 
developed in collaboration with the department of sociology in Lausanne University and that involves 
Hidden Markov Modelling.

3. Reconstruction of large gene families

While it has dramatically empowered the scientific with new knowledge, high throuput sequencing also 
create many yet unsolved problems, the most obvious one being the reconstruction of large protein 
families across collection of low quality genomes. This type of analysis constitute a straightforward appli-
cation of the various methodologies developed within our lab. We currently have two lines of research 
building on this expertise. In the context of the Leishdrug consortium and in collaboration with the lab 
of Gerald Spaeth (Pasteur Institute, Paris) we are currently analyzing the genome of various Trypano-
somidae in order to establish the complete kinome of these species, the aim being the identification of 
new pharmacological targets among the protein kinases contained in these organisms. Using a similar 
methodology we are also analyzing the genomes of all sequenced drosophilaes in order to establish an 
exhaustive repertory of the genes involved in odour recognition (collaboration with the lab of Mathieu 
Louis, CRG). These analysis involve developing a full range of new tools making it possible to correct all 
possible issues associated with gene annotation, including genome mis-assembly, gene mis-prediction 
and the mis-identification of remote homologues.  

4. Multiple Sequence Alignment Servers

Thanks to a partnership with the Swiss Institute of Bioinformatics, we are currently running a very power-
ful multiple alignment server mirrored by several international institutions (EBI, Cornell, CNRS, SIB). Alto-
gether all the mirrors receive close to 20.000 hits a month originating from an average of 90 countries. In 
2009 the various publications describing either the server of the original algorithms have received more 
than 450 citations. The latest addition to this popular service has been the R-Coffee alignment mode. 
We are now working on an upgrade of this server. An effort to upgrade this service and make it available 
via a computer cloud is now under way.
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Figure 2. 
The T-Coffee web server 
(http://www.tcoffee.org)
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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://www.crg.es/toni_gabaldon 
and 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 disea-
ses. Moreover, other mitochondrial proteomic sets are being characterized in different species facilitating 
an evolutionary analysis of the mitochondrial system. The aim of this research line is to integrate diffe-
rent types of data and automatically combine them in order to facilitate the identification and functional 
characterization of mitochondrial disease-related genes. This year we discovered that a mutation in a 
non-coding region of the BCS1L gene was responsible for Complex III deficiency.  

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. Candida 
glabrata is an emerging pathogen that represents the second most common cause of fungal infection. 
C. glabrata is evolutionarily closer to non-pathogenic Saccharomyces species than to other pathogen 
Candida species and uses different virulence mechanisms. Therefore, the problem of elucidating the 
mechanism for pathogenesis of Candida glabrata, as proposed here, can be approached with an evo-
lutionary perspective by detecting specific adaptations in the C. glabrata genome that may explain why, 
in contrast to its closest relatives, is able to infect the human host. The present research line will be de-
veloped in the context of a international consortium (FunPath). developed in the context of a international 
consortium (FunPath). 
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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. This aim includes tracing the origin of key components of 
the apoptotic pathways in order to ascertain their eukaryotic or endosymbiotic origin and to determine 
the evolutionary period in which they were recruited to function in cell-death pathways. Furthermore we 
will use genomic-context techniques to discover proteins that evolved coordinately with known apopto-
tic components. Such predictions will be tested experimentally. This project is performed in collaboration 
with the lab of Dr. Cristina Muñoz-Pinedo (IDIBELL, Barcelona) and is funded through as AICR grant. 
We have developed the DeathBase, a database for the structure, function and evolution of apoptotic 
proteins (www.deathbase.org) 

Figure 1. 
Phylogenetic profile of subunits of mito-
chondrial Complex I across 60 completely-
sequenced fungal genomes. Green boxes 
indicate presence of an ortholog of that 
subunit, where the intensity of the green 
corresponds to the number of members 
of that orthologous group in that species 
(Marcet-Houben and Gabaldón  2009)
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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 develop-
ment of novel algorithms, tools, forms of representing the data and even new semantics and concepts. 
We combine the development of original algorithms to treat phylogenomic data with its application to 
gain knowledge on problems of biological relevance. 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.

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 propo-
sed 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 comple-
tely 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.

Figure 2. 
Screenshot of a PhylomeDB entry (http://

phylomedb.org) our database for complete 
phylomes. All visualizations are created by 
in-house programs (e.g http://ete.cgeno-

mics.org )(Huerta-Cepas et al. 2008). 
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SUMMARY

Evolutionary thought is pertinent to all aspects of biological or biomedical sciences. Similarly, discoveries 
in molecular and systems biology provide a deeper understanding of the mechanisms involved in the 
origin and continued evolution of living things. Our laboratory attempts to strengthen the connection 
between evolution and other areas of biology by working on the interface of several disciplines. In the 
past year we have started the transition from being an exclusively computational laboratory towards inte-
grating some of our computational work with basic labwork. However, the majority of our research is still 
centred around the application of computational and bioinformatical tools to study any publicly-available 
genome-wide data.

We make no categorical distinction in our choice of the organism of study, nor do we exclude particular 
evolutionary mechanisms from our interests. Since our work relies almost exclusively on the available 
data many of our studies use the available data from humans and model organisms. However, for our 
experimental work we are focusing on some specific organisms. Over the past year we have worked on 
several different projects but we completed only some of them.

RESEARCH PROJECTS

1. Compensatory evolution

We are interested in describing and defining cases of epistasis, or cases where the fitness in one site 
depends on the state in other sites. Perhaps the simplest form of epistasis is found in compensatory 
interactions within the structure of a single molecule. For example, in an RNA stem structure, the interac-
ting Watson-Crick complementary pairs depend on each-other to maintain the structure and high fitness. 
Likewise, the fitness of a substitution in one of the two complementary sites in a RNA stem structure 
depends on the nucleotide of the other site. 

Last year we have made a comprehensive study of compensatory, Watson-Crick switches in the stem 
structures of mammalian mitochondrial tRNAs. Such switches, when one Watson-Crick pair in a se-
condary structure is substituted for another (for example an GC pair into an AU pair), are frequently 
observed in mammalian mt-tRNAs (Figure 1). Obviously, such switches require two substitutions, so a 
GC -> AU switch can proceed either through an GU or through the AC intermediate. Previous works 
assumed that such switches occurred through the stable GU intermediate. We tested this hypothesis 
using evolutionary and polymorphism data and showed that  both the GU and AC intermediate variants 
are deleterious. Thus, compensatory evolution in mt-tRNAs must proceed through deleterious interme-
diates indicating that deleterious variants are not evolutionary dead ends but may rather be evolutionary 
stepping stones for further evolution.

Figure 1. 
An example of a Watson-Crick compensa-
tory switch in mt-tRNAAsn. Humans have a 
CG interacting pair (red) while chimps have 
an UA pair (blue) in the anticodon stem, 
which must have occurred through two 
substitutions and rapidly, as there are only 
two other differences in the entire tRNA 
(green).
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2. The limit of protein evolution

In the context of another project we formulated a basic population genetics question: what is the limit of 
protein divergence under constant (non-epistatic) selection and what is the rate of reaching this limit? We 
were surprised, but apparently this fundamental question in molecular evolution has never been asked 
previously. The formulation of the theory for 2 alleles is simple. We assume that the rate of mutation is 
sufficiently low such that only one allele is segregating in the population at any given time. This assump-
tion allowed us to use the Bulmer equations (Genetics 1991) that show the flux from one allele to another, 
which is a function of both selection and mutation. We model ed two diverging sequences starting from 
a mutation-selection equilibrium. Obviously, the limit of neutral divergence of two nucleotide sequences 
(4 alleles) will be 0.75, or for a sequence with two alleles 0.5. Also, it is evident, that constant selection 
will reduce this limit. If every substitution is strongly deleterious than the limit of divergence will be 0, that 
is to say that the two sequences will never diverge.

Formal theory for the case of two alleles is simple. The rate of change of divergence (dD/dt  where D is 
the fraction of divergent sites in the two evolving sequences) is determined by the rate at which mat-
ching sites in the two sequences become mismatches and the rate at which mismatching sites become 
matching. The limit of the evolution is reached with the number of mismatches becoming matches is 
equal to the number of matches becoming mismatches. Formally, for the case of two alleles, this can be 
expressed in the following equation:

(1)

where x1,1 is the frequency of matches of allele one in the two sequences, x2,2 is the frequency of mat-
ches of allele 2 and x1,2 is the frequency of all mismatches, f1,2 is the flux of allele 1 into allele 2 and f2,1

 is 
the flux of allele 2 into allele 1. The fluxes and frequencies of matches depend both on the mutation rate 
and the strength of selection and are derived from Bulmer (Genetics 1991). Thus, the equation expands 
into

(2)

with an analytical solution of

(3)

implying that the limit of sequence divergence for two alleles is 

           
(4)

and the asymptotic rate at which this limit is reached is

(5)
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It is simple to show that there is a simple maximum of r at s=0. Therefore, constant negative selection 
can only accelerate the rate at which the limit of sequence divergence is reached. This is slightly different 
and more complicated for the case of 4 alleles. However, qualitatively the result holds: constant negative 
selection cannot substantially slow down reaching the limit of sequence divergence. Since stable se-
quence divergence limits are practically never observed in real genome comparisons, our model implies 
that epistasis must be rampant across all types of functional sequences.

3. Unfinished business

There are several projects that we have started but not finished in the last year. Firstly, we began studying 
the evolution of Methanosarcina, which is a methane-metabolizing, perrolysine-utilizing archaea. We 
suspect that there may be interesting evolutionary patterns in the evolution of stop codons of this group 
of archeas. To be able to investigate this aspect of their genome evolution we required several genomes 
from closely related strains. Thus, with the help of our Ultrasequencing core facilities we have sequences 
and began to assemble the genomes of six Methanosarcina strains.
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The programme of Cell and Developmental Biology has succeeded in recruiting a new group 
leader, Pedro Carvalho from Harvard University. Pedro will arrive at the CRG in July 2010. Pedro is 
interested in the mechanism of retro translocation at the endoplasmic reticulum and the process 
of lipid body biogenesis. The arrival of Pedro will strengthen the overall interest of our department 
in the process of protein targeting and organelle biogenesis. Vivek Malhotra is elected a member 
of EMBO.
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SUMMARY
 
We are interested in the mechanism of protein secretion and biogenesis of Golgi membranes.
 

RESEARCH PROJECTS
 
1. Membrane fission
Yuichi Kawana, Felix Campleo and Anne-Marie Alleume

 The Golgi apparatus is composed of cisternae (flat membranes) that are stacked and kept near the cen-
trioles in mammalian cells. Why such unique organization and spatial location? How is this organization 
regulated during protein transport? The secret here is membrane fission (cutting) that is necessary to 
generate transport carriers. Membrane fission must be regulated to generate transport carriers com-
mensurate with cargo size, prevent formation of empty carriers or complete conversion of Golgi into 
small vesicles, during protein secretion? We asked a simple question whether there were chemicals that 
would vesiculate Golgi membranes by uncontrolled activation of membrane fission. Identification of such 
a compound would make the process of membrane fission amenable to molecular analysis
 
Fluorescence microscopy was used to screen 600 sponge metabolites and a compound called Ilima-
quinone (IQ) was identified based on its property to specifically vesiculate Golgi membranes into small 
60-90 nm size vesicles (Takizawa et al., Cell 1993). IQ mediated Golgi vesiculation was reconstituted 
in vitro, which revealed the involvement of trimeric G protein subunits ßg. This was the first clear docu-
mentation of the involvement of trimeric G proteins in membrane fission (Jamora et a., Cell. 1997). Soon 
thereafter we found that Gßg activated a serine/threonine protein kinase called PKD (Jamora et al., Cell. 
1999).  The next obvious question was to test whether PKD is required for formation of transport carriers 
from Golgi membranes during protein secretion. This was indeed the case and we found that inhibi-
tion of PKD blocked secretion of proteins, interestingly and specifically, from Golgi to the cell surface. 
Under these conditions, cargo destined to the cell surface was packed into transport carriers, but the 
carriers failed to undergo cutting (fission) and grew, consequently, into large tubules. This was the first 
key component, a protein kinase, identified to be essential for regulating events leading to the biogenesis 
of a cargo filled Golgi to cell surface transport carrier (Liljedahl et al., Cell. 2001). How is PKD recruited 
to the Golgi membranes? We found that diacylglycerol was required for the recruitment of PKD to the 
Golgi membranes (Baron and Malhotra, Science. 2001). In collaboration with Dr. Thomas Suefferlein, 
we have recently found that PKD also binds to ARF1 at the Golgi. ARF1 is known for its role in protein 
transport by recruiting coat proteins such as COPI and Clathrin in a process that leads to the formation of 
transport carriers. We suggest that AFR1 bound to PKD activates phospholipase D (PLD), which is then 
involved in production of phosphatidic acid (PA) at the TGN. Therefore, DAG and ARF, required for the 
recruitment of PKD generate PA, which is then [somehow] involved in events leading to the biogenesis 
of cargo filled transport carriers. There are three different isoforms of PKD in the mammalian cells and 
surprisingly, all three are required for Golgi to cell surface transport (Yeaman et al., Nature Cell Biology. 
2004). Moreover, all three forms are specific for the trafficking of only those proteins that are destined to 
the basolateral cell surface. Apically targeted proteins do not require the activity of PKD. Our most recent 
findings suggest that all mammalian cells contain 2 of the 3 isoforms and these two isoforms form homo 
(1-1; 2-2, for example) and heterodimers (1-2, for example. Bossard et al., Journal of Cell Biology. 2007).  
There are numerous reports now on the involvement of PKD in protein secretion but the challenge is to 
understand the molecular mechanism of downstream events. PKD has been shown to activate a lipid ki-
nase called PI4KIIIb, which converts phophatidylinositol (PI) into phophatidylinositol 4-phosphate (PI4P). 
PI4P is required for Golgi to cell surface transport. We suggest that local production of PI4P by PKD 
dependent activation of PI4KIIIb recruits specific effectors that are required for membrane fission (Klaus 
Pfizenmeir and colleagues. Germany). PKD also phosphorylates a ceramide transfer protein called CERT. 
Phosphorylation of CERT by PKD prevents the attachment of the former to the Golgi membranes (Klaus 
Pfzemmeir and colleagues. Germany). The role of ceramide at the TGN is not clear (Bard and Malhotra, 
Ann Rev Cell and Dev Biol.2006). Clearly, a number of components involved in PKD dependent TGN to 
cell surface transport have been identified and in order to gain mechanistic insights, we this process in 
permeabilized mammalian cells. The transport carrier containing membrane fraction has been analyzed 
by mass spectrometry and revealed a number of new proteins. This assay is being used to reveal the 
role of proteins and lipids that assemble at the TGN for the generation of TGN to cell surface transport 
carriers.
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2. New protein transport components
Kota Saito and Julia von Blume

A genome wide screen was carried out to identify new components required for protein secretion. From 
the 22,000 genes tested, 110 gene products were identified to be essential for secretion. This contained 
22 previously known components. The rest were cloned, tagged and expressed to identify the intracellu-
lar location of the cognate proteins. 20 genes products were further selected, based on their localization 
to compartments of the secretory pathway (Bard et al., 2006. Nature). The new genes of interest are 
called TANGO for Transport And Golgi Organization. TANGO1, 5 and a previously identified gene called 
twinstar are being further characterized for their roles in protein transport and Golgi organization.

TANGO1 is required for loading cargo into transport carriers at the Endoplasmic Reticulum (ER) exit sites 
(Kota et al., Cell. 2009). Twinstar is required for the sorting of secretory cargo at the TGN (Von Blume et al., 
JCB. 2009). Our aim is to understand the mechanism by which TANGO loads cargo without entering the 
transport carrier, and the process by which twinstar dependent actin remodeling helps in cargo sorting.
 

3. Unconventional secretion
Juan Duran, Josse van Galen, Amy Curwin and Caroline Bruns

Some of the interleukins, fibroblast growth factor-2 (FGF2), inhibitor of macrophage migration (MIF), Ga-
lectins etc., are secreted from cells without entering the ER-Golgi pathway. These secreted proteins are 
key players in the immune response, cell growth, angiogenesis, but the mechanism of their release from 
cells remains mysterious. We have found that the Golgi associated protein called GRASP in Dictyoste-
lium is required for secretion of a protein called AcbA. AcbA, like the proteins mentioned above, lacks 
a signal sequence necessary for targeting to the ER, and is secreted unconventionally (Kinseth et al., 
Cell. 2007). Unconventional secretion of AcbA ortholog Acb1 in yeast requires GRASP, genes involved in 
autophagosome formation, transport to the early endosome, multivesicular body formation and the cell 
surface specific T-SNARE (Duran et al., JCB. 2010 in press). We are using yeast and mammalian cells to 
reveal the mechanism of unconventional secretion.
 

Figure 1. 
Regulation of membrane fission by PKD. 
A trimeric G-protein is required for the 
recruitment and activation of PKD. PKD 
regulates the activity of a number of 
components to assemble a fission machine, 
which is used to cut cargo filled transport 
carriers from the TGN. 

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 (MVBs). 
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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4. Mechanism of Mucin secretion
Sandra Mitrovic

Mucins are heavily glycosylated secretory proteins, however, the mechanism by which they are sorted at 
the TGN, packed into secretory storage granules and then secreted in a regulated manner is not known.  
We have reconstituted mucin secretion in human goblet cells and screened the genome to identify com-
ponents involved in mucin synthesis and secretion. A large number of gene products have been identified 
and our aim is to understand their mechanism of action in mucin secretion. We are specifically interested 
in cell surface proteins that can be targeted to inhibit mucin secretion. This has the potential of develo-
ping valuable therapeutics for Asthma and chronic obstructive pulmonary disorders (COPD).
 

5. A Golgi organization specific cell cycle checkpoint
Julia Von Blume

Inhibiting changes in Golgi organization prevents entry of cells into mitosis (Sutterlin et al., Cell. 2004). 
Thus a mechanism exists to monitor organizational changes in Golgi and if there is any defect, entry of 
cells into mitosis is blocked. What is the molecular mechanism of this Golgi specific checkpoint? How 
is this event coordinated with other check points that are activated upon DNA damage and defective 
spindle dynamics? A combination of in vitro approaches and system wide SiRNA is being used to identify 
the Golgi specific cell cycle checkpoint.
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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 2007, 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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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. 

This 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. 
Immunufluorescence 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

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 reinnerva-
tion of sensory 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 organe-
lles (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.
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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 bun-
dles. 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.

 

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 
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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.

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 gene-
rated 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 inter-
esting 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 budding 
yeast, Saccharomyces cerevisiae.

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 (at least in yeast) 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 spin-
dle midzone. We are systematically characterizing the NoCut mechanism, taking advantage of genetic 
screens to identify new checkpoint components. We have already completed a genome-wide screen 
for non-essential NoCut genes. This has identified about 50 NoCut candidate genes, whose products 
fall in five main categories: (1) proteins of the spindle midzone; (2) histone modification and chromatin 
organization factors, (3) kinetochore proteins, (4) cleavage site proteins, and (5) 13 genes of unknown 
function. 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 abs-
cission 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). We are particularly encouraged by the identification of chromatin or-
ganization genes as NoCut candidates, since their characterization could shed light into the mechanism 
by which chromatin activates the CPC. 
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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.

2. Coordination of chromosome length with spindle elongation

We are also interested in other 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 
manipulation of chromosome arm length in yeast cells, and analysis of mitotic and cytokinetic events by 
live cell microscopy in normal and mutant strains (Fig. 2).

Fig. 2. Analysis of chromosome segregation in living yeast cells. Spindle pole bodies are labeled with GFP (bright green dots) to track 
spindle elongation during anaphase. mRFP and GFP protein fusions allow tracking of the centromere (CEN) and middle of the right arm 
(MID) of chromosome IV, seen as dimmer red and green dots, respectively. The dynamics of the marked loci, relative to the mid-position 
of the spindle, is quantified in the graph. Note that CEN sequences segregate earlier than MID sequences, as indicated by arrows. Images 
by Gabriel Neurohr.
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SUMMARY

A developing organism undergoes dramatic tissue reshaping and rearrangements. These tissue move-
ments require the precise coordination in space and time of hundreds of cells. This coordination is achie-
ved 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 mem-
branes 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.

PUBLICATIONS

Solon J, Kaya-Copur A, Colombelli J, Brunner D. 
“Pulsed forces timed by a ratchet-like mechanism drive directed tissue movement during dorsal closure.” 
Cell 137(7):1331-42. (2009). (*)

(*) This publication is the result of the work of Dr Jérôme Solon at the European Molecular Biology Laboratory, Heidelberg, Germany.
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During 2009 we have reached the total capacity of the program with 6 group leaders (5 of them 
part of the CRG-MICINN-EMBL agreement). Now we have a vibrant unit, completely internatio-
nal, made up of 4 young group leaders, a senior scientist and the program director. EMBL/CRG 
Systems Biology Research Unit covers a wide range of topics in systems biology, providing a rich 
and stimulating environment. Our targets for the next years, apart from doing science of interna-
tional quality, will be to create an annual program of workshops about Systems Biology specific 
topics, in order to create systems biology curricula and to train our doctorate students and our 
pre-doctoral fellows in simulation tools and mathematical approaches. We will also strengthen our 
collaborations inside the institute and we will establish an interaction network with other systems 
biology institutes around Europe.
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SUMMARY

Our group is interested in the rational engineering of living systems (ranging from gene networks to 
organisms). 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 pos-
sible 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 microorganism 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” con-
ditions 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 reprogrammed 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 or-
ganic molecules that will provide missing functionalities. 
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2. Signal Transduction and Disease

Cancer therapy

The efficacy of current treatments for some types of solid tumours is disappointingly poor. Thus, new 
therapies 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, members 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-selec-
tive 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.

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 relations-
hip 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 quanti-
tative understanding with the idea of designing better therapies for diseases involving its deregulation. In 
2009 we published a paper where we quantitatively analyze the effect of mutation in Ras Raf interaction 
during ERK phosphorylation (Kiel, C. & Serrano, L., Cell type-specific importance of ras-c-raf complex 
association rate constants for MAPK signaling. Sci Signal 2 (81), ra38 (2009)) (Figure 2).

Fig. 1. 
Diagramme showing the involvement of 
different ribosomal proteins in complexes 
with metabolic enzymes. In yellow the 
ibosome and the links to metabolic proteins 
represented as white dots on M. pneumo-
niae metabolic map.
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Fig. 2. 
Experimental analysis and computer modeling in RK13 and HEK293 cells. (A) Flow chart representation of the EGF-Ras-MAP kinase pathway 
as used for model generation. (B) and (E) Comparing predicted affinities with luciferase activities in RK13 and HEK293 cells for CRaf WT 
and two mutants with higher and lower affinity, respectively (A85K, R89L). (D) and (G) ERK-phosphorylation kinetics in RK13 and HEK293 
cell, which have been transiently transfected with CRaf WT or R89L, starved, and stimulated with EGF. (C) and (F) Comparing the effect of 
changing kinetic rate constants for the Ras-Raf complex on the simulated ERK-phosphorylation changes after EGF stimulation in the HEK-like 
and the RK13-like model.
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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 fo-
cuses 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 apparatus (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.

Fig. 1. 
New 4D data-capture technologies deve-
loped by Sharpe lab (LiveOPT) to provide 

accurate quantification of limb growth 
dynamics. (Fig.2 from Boot et al. Nature 

Methods (2008)).
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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 (4:31-33, 2007).

During 2009 we started our involvement 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 ve-
rification 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 Optical Projection Tomography 

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 5:609, 2008), and this te-
chnique now provides us with data on tissue movements and dynamic gene expression patterns. During 
2009 we made further improvements to this approach (Organogenesis 5:129, 2009) to start mapping 
internal movements of the mesenchymal tissue.

4. Computer model of limb mechanics 

We are exploring the ways in which cell behaviours combine with various physical models of tissue to 
generate the observed shape changes. In particular, 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 created 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.

Fig. 2.
Finite element modelling of limb bud 
growth. The results of our parameter opti-
misation are shown, in which a theoretical 
distribution of proliferation rates was calcula-
ted (D) that could successfully generate the 
correct shape changes (E-G).
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5. Computer models of spatially-patterning gene networks 

Enough is known about the genetics of limb development to be sure that it involves many signalling 
molecules (Shh, BMPs, FGFs, Wnts) and many transcription factors (Msx, Hox, Meis) which are wired 
together into a complex gene network. We are currently exploring how these networks function within 
the computer model – both in control of the cell behaviours that govern the limb bud shape, and also in 
another famous patterning case: the spatial organisation of the skeletal elements.

For skeletal patterning, different patterning strategies have been proposed within the literature to explain 
the process, ranging from pure “Turing-type” reaction-diffusion models at one extreme, to morphogen 
gradient models on the other. Using our new visualisation tools (above) are exploring the ways that these 
different principles might operate within the limb bud. We are now extending this analysis into a 3D si-
mulation within the context of the correct limb bud shape, and we are therefore using OPT and confocal 
microscopy to gather accurate 3D expression data on genes thought to be involved in, for example, the 
initiation of mesenchymal condensation.

6. Morphometric Staging of limb buds 

Another important project in the lab relates to measurements of time. Almost all the gene expression data 
which exists about limb development has been recorded from fixed specimens. However, the spatial 
patterns of certain genes (eg. Sox9) are extremely dynamic – apparently changing hour-by-hour. We 
have therefore created a new staging system which is based on morphometric measurements from the 
profile of the limb bud. It can determine the stage of a limb to a high temporal accuracy, and we have 
turned this method into a web-based java application that will soon be openly available to the whole limb 

community.

PUBLICATIONS
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SUMMARY

In order to test our understanding of biological systems, one approach is to attempt to build synthetic 
biological networks. This allows us to see whether they behave as we would predict - and whether we 
truly understand them. Such “synthetic” approaches can be done either by engineering small-scale arti-
ficial gene networks, or by tinkering with large-scale networks. Even small networks are not necessarily 
straightforward. For example, “Gene A activates gene B; gene B represses gene A.” can be as confusing 
as “The next statement is true. The previous statement is false.” Therefore, we have spent some time 
developing logical frameworks for thinking about such systems (see Isalan et al. Nature 458:969, 2009; 
Bioessays 31 (10): 1110-5, 2009). For larger networks, our recent work on rewiring bacterial gene net-
works at highly-connected hub genes, answered the question, “what happens if you add lots of new 
links to an existing biological network?” The surprising result was that even highly-connected genes 
could be “rewired” and were generally very well-tolerated by the bacteria (Isalan et al. Nature 452:840-5, 
2008). Overall, as well as building artificial gene networks in cells, our group also develops the basic 
technology to achieve this in mammalian cells (zinc finger-based genome engineering and gene repair). 

RESEARCH PROJECTS

1. Liar Paradoxes and gene networks
Mark Isalan and Matthew Morrison (collaborator).

Much of 2009 was spent on two articles that combined ancient Greek philosophy with the study of gene 
networks. We developed a collaboration with a pure philosophy department, and discussed how genetic 
interactions such as “Gene A represses itself” or “Gene A makes gene B. Gene B represses gene A.” are 
very similar to the classical liar paradoxes, “This statement is false” or “The next statement is true. The 
previous statement is false.” The result is that by adding time or spatial dimensions explicitly, oscillations, 
waves or stripes can intuitively form through these types of interaction (“it is true then false then true then 
false”). Verbal analogies are thus a way of communicating intuitively to a non-mathematical audience why 
a Turing-pattern makes spots or stripes on the skin of a discus fish, or why the p53 tumour suppressor 
protein oscillates.
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Figure 1.
From liar paradoxes to Turing patterns. A: ‘The next statement is true. The previous statement is false’ is a zero-dimensional analogue of 
a stripe-pattern forming system, based on an activator U and inhibitor V (2-D space and 1-D time). Such systems rely on reaction and 
diffusion to make patterns (local autoactivation, long-range inhibition. B: Rainbow colour coding shows local high expression of activator U 
(more red) and inhibitor V (more blue). With high autoactivation and weak repression, the activator dominates giving a uniform stability (red). 
With high transactivation and strong repression, the inhibitor dominates (blue). C: By balancing production, diffusion, reaction and degrada-
tion, spots, stripes or waves spontaneously emerge. D: This simulation has the same parameters as (C), except with a lower autocatalysis 
saturation constant, resulting in spots. E: The discus fish is thought to employ just such a body-patterning mechanism, based on reaction-
diffusion. Images and calculations kindly provided by Luciano Marcon and James Sharpe. Discus image by Anka Zolnierzak 

We managed to communicate this liar paradox analogy to a wide audience through a non-technical essay in Nature (Nature 458:969 
(2009)), as well as expanding the ideas in a longer essay for Bioessays (Gene networks and Liar Paradoxes Bioessays 31 (10): 1110-5 
(2009)), where the ideas were even illustrated on the cover.

2. Engineering pattern forming gene networks in eukaryotic cells
Mireia Garriga, Phil Sanders, Marco Constante and Andreia Carvalho

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 gene networks using diffusible factors that operate over fields 
of cells.

In 2009, major progress was achieved in building a synthetic gene network that secretes a diffusing ‘mor-
phogen’ molecule that then activates distal cells in a 3D-model of morphogenesis: the MDCK (Madine-
Darby Canine Kidney Cell) cyst system. Briefly, MDCK cells spontaneously form hollow spheres of cells 
in 3D culture and tubulate upon exposure to HGF. By building an HGF-secretion and reaction-diffusion 
system, with suitable reporters, we aim to see if we can engineer a synthetic developmental patterning 
system in 3D.



    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Annual Report 2009 .143 

Fig. 2. 
A synthetic gene network for studying mor-

phogen gradient-type pattern formation. 
Cells locally express HGF (red regions), 

and then secrete HGF extracellularly. HGF 
diffuses and activates a reporter gene 

(green - GFP) in distal cells. The HGF also 
has a cell scattering activity in 2D culture, 

or a tubule-formation-inducing activity in 3D 
culture. The aim is to measure and control 

diffusion and HGF-activity to convert this 
cell-cell communication into a controlled, 

self organising pattern. 

3. Synthesising zinc fingers for genome engineering and gene repair
Frank Herrmann, Rebecca Baumstark and Emmanuel Fajardo

As part of three EU-funded projects (Netsensor, EC Contract No. 012948 http://netsensor.embl.de/; 
Integra, EC Contract No. FP6 - 29025; FP7 ERC Zinc-Hubs) we are building a number of artificial se-
quence-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; Fig 2). 

During 2009, our main pilot project, gene repair of p53 (>50% of all human cancers have mutations in 
p53) reached a final phase. Our engineered zinc finger nucleases for cancer hot-spots (z771 and z1166) 
achieved gene repair both episomally and chromosomally. In 2010, we will precisely quantitate the rate 
of repair events using solexa ultrasequencing technology.



144 . Annual Report 2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

PUBLICATIONS

Isalan M and Morrison M. 
“This title is false.” 
Nature 458:969 (2009).

Isalan M. 
“Gene networks and liar paradoxes.” 
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Fig. 3. 
Zinc finger nucleases (ZFN) for the human 
p53 gene. a, Mutation hotspots in somatic 
cancers from the IARC TP53 Mutation 
Database R13.  b, Exons 5-8 from the p53 
gene (Human Genome: NW_001838403) 
are highlighted in grey and contain nearly all 
mutation hotspots (underlined black; codon 
number in brackets). ZFN binding sites are 
highlighted in black with white letters.  c, 
Canonical model of designed zinc finger 
nucleases (z771 and z1166) that we 
engineered against the best two target sites 
in the p53 gene. Arrows indicate possible 
base contacts (F1, Finger 1, etc.).
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SUMMARY

We use experiments and computational analysis to answer basic questions in genetics.  These include, 
but are not limited to the following.  How do mutations combine to cause disease?  Why are genes har-
mful when they are overexpressed? Can we make useful personal phenotypic predictions from personal 
genome sequences?  Can we predict all of the genes important for any process or disease?  Can we 
predict how mutations in two genes combine to cause disease?  Why do the effects of mutations vary 
between cell types?  Can we understand which non-coding mutations are most likely to be detrimental?  
How can we fully quantify the effects of mutations on the phenotype of an organism?  How does gene 
regulation evolve?  How does noise influence evolution?  Our work involves three aspects:  computatio-
nal analysis of existing data, quantitative experiments in C. elegans and yeast, and the development of 
new methodology when required.  

In particular, this year we published two studies where considering expression and concentration in 
cellular networks helped us to understand some basic questions in genetics.

RESEARCH PROJECTS

1. Why are genes harmful when their expression is increased?

By testing possible causes of dosage sensitivity in yeast, we identified intrinsic protein disorder as an 
important determinant of dosage sensitivity [1]. Disordered regions are prone to make promiscuous 
molecular interactions when their concentration is increased, and we demonstrated that this is a likely 
cause of pathology when genes are overexpressed. We showed that our model is also consistent with 
data from two animals, Drosophila melanogaster and Caenorhabditis elegans. 

In mice and humans we found that the same properties are strongly associated with dosage-sensitive 
oncogenes, such that promiscuous non-physiological mass-action-driven molecular interactions may be 
relevant mechanistically in cancer. 

Further, we found that dosage-sensitive genes are tightly regulated at the transcriptional, RNA, and 
protein levels, which may serve to prevent harmful increases in their concentration under physiological 
conditions. 

In summary, we proposed mass-action-driven interaction promiscuity as a theoretical framework to be 
used to understand, predict, and possibly treat the effects of increased gene expression in evolution and 
disease.
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2. How do mutations have cell-type specific effects, even if a protein is ubiquitously 
expressed?

By integrating human protein-protein interaction and expression data we addressed several questions 
about the relationship between the expression of a protein and its physical interactions [2].  We found 
that most (and possibly all) universally expressed “housekeeping” proteins have different interaction part-
ners in different cell types.  Thus most housekeeping proteins are actually important for many tissue-
specific functions, which may be an important reason why mutations in these proteins generally have 
quite tissue-specific effects.  

Further, we found that most proteins that are only expressed in restricted cell types contact the core 
cellular machinery, and so can function by recruiting or modifying core cellular processes.   We also ob-
served that tissue-specific proteins tend to be recent evolutionary innovations and to have fewer known 
interaction partners.  Taken together, our findings suggest that many tissue-specific processes evolve by 
the addition of metazoan-specific proteins that make a limited number of interactions with core cellular 
components. 

3. Other work

In addition, in collaboration with the group of Erik Meijering (Erasmus MC) we described some preliminary 
work developing methods for automated and quantitative phenotyping in C. elegans [3].  We also further 
expounded our ideas about the evolution of gene regulatory networks and animal body plans [4].

Fig 1.
Interaction promiscuity: proteins that inte-

ract through large globular domains and 
with few “off-target” interactions tend not 

to be dosage-sensitive (A).  In contrast, 
increasing the expression of a protein 

that interacts through short, degenerate 
linear motifs will result in promiscuous 

non-physiological interactions, many of 
which may be detrimental (see ref [1]). 

Fig 2.
Maps of possible interactions in three hu-

man cell types: skeletal muscle, B-cells, 
and pancreatic islet cells (see ref  [2]). 
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SUMMARY

The mission of our group is to unravel structure-function relationships between neural circuits, sensory 
coding and adaptive behaviour. 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 annotate stereotypical behaviours automatica-
lly. 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
Mariana Lopez-Matas, Moraea Philipps, Jordi Sanchez, 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 odor intensity. Whether one type of odorant receptors 
alone is capable of encoding the quality of an odor remains an open question in the larva. We have un-
dertaken to disentangle the contribution of single OSNs to the representation of static and dynamic odor 
stimuli. In associative learning experiments, we found evidence that a single functional OSN is sufficient 
to mediate odor quality discrimination. This finding highlights the surprisingly high coding potential of 
single sensory neurons.

Odours are represented by dynamical patterns of activity originating from the OSNs and transmitted to 
higher brain centres (Fig. 1). We have devised a preparation to carry out extracellular and intracellular 
recordings from the peripheral olfactory system. Using this novel 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 single functional OSN to discriminate between distinct odours. We are also interested in characterizing 
how odour-specific activity patterns evolve across different layers of the olfactory system. Functional ima-
ging is applied to monitor the activity in neuronal ensembles. By expressing genetically encoded calcium 
sensors (GCaMP) in targeted neurons, we are establishing precise correlations between sensory input 
and circuit activity. We aim to clarify the role of local inhibitory interneurons in the antennal lobe (Fig. 1), 
a circuit which is thought to achieve gain control and decorrelation. Our long-term goal is to extend this 
analysis to motor control, and propose a model for how ethologically relevant sensory input (e.g., increa-
se or decrease in the concentration of an attractant) induce specific behavioural output (e.g., orientation 
towards an odour source).

    

Figure 1.
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Figure 2.
Trajectory of a wild type larva approaching 

an odour source (blue square, top right 
corner). Successive positions of the head 

are shown in green. Positions of the tail are 
shown in blue.

2. Behavioural algorithms underpinning chemotaxis
Alex Gomez-Marin and Nicolas Partoune

Bacteria and nematodes chemotax according to an indirect orientation mechanism which consists in 
biased random walks. In contrast, Drosophila larvae employ a direct mechanism where the direction of 
motion is locally aligned with the odour gradient. Previously, we have demonstrated that Drosophila lar-
vae do not require bilateral olfactory input to perform chemotaxis (Louis, Huber et al., 2008). Having ruled 
out a mechanism purely based on stereo sampling (comparisons between the left and the right ‘noses’), 
we are now seeking to understand how larvae with unilateral olfactory function are capable of extracting 
directional information from spatially distributed odour cues.

To address this question, we are dissecting the odour tracking-strategy employed by larvae in detail. 
We have developed customized software for high-resolution image recognition. These programs extract 
morphological and kinematic features describing the state of freely moving larvae. Computerized analysis 
permits us to generate large datasets for wild type and mutant larvae engaged in chemotactic tasks. 
Using dimensionality reduction methods, we are now investigating quantitative relationships between 
stimulus input and behavioural output. Our objective is to extract patterns in the stimulus changes which 
trigger stereotypical actions such as turns, reversals, and lateral head sweeps. We are working on a pre-
dictive model that will capture the sensory computation featured in larval chemotaxis. Our long-term goal 
is to delineate algorithms underpinning sensory-motor responses, and to manipulate these behaviours 
in a predictable way.

3. New centres participating to orientation behaviour
Verena Hotz and Julia Riedl

Larvae appear to make use of active sampling to track odours. By moving forward and casting their 
head sideways, individuals are able to locally infer the direction of the vector pointing towards the source. 
How this decision-making process is achieved is still unknown. Our working hypothesis is that concen-
trations detected at different positions are held in a spatial short-term memory. To identify the circuits 
participating to this process, we have initiated a behavioural screen. 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 (synaptic transmission inhibitor). 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 to establish their involvement in 
specific defined behaviors.
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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, comparative 
analysis of a real evolving developmental gene regulatory network 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. 1A). Our system of choice is the gap gene 
network involved in pattern formation in the early embryo of dipterans (flies, midges and mosquitoes; Fig. 
1B). We are establishing three dipteran species—the fruit fly Drosophila melanogaster, the scuttle fly 
Megaselia abdita and the moth midge Clogmia albipunctata—as model systems to experimentally and 
quantitatively test hypotheses derived from systems-biology approaches to evolutionary developmental 
biology. 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.

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-regu-
latory element or how such elements interact to result in the expression of a whole, endogenous gene.

Results. Preliminary analysis of selected gt cis-regulatory elements shows that multiple elements con-
tribute to most of gt’s expression domains in a non-additive way, and that there are differences in regula-
tion at early vs. late stages. We are currently creating strains of Drosophila carrying reporter constructs 
for these elements using site-specific transgenesis. We will quantify gene expression in each of these 

Fig. 1: (A) Reverse-Engineering: The Gene Circuit Method. (B) Convergent evolution of the gap gene network.
(B) shows a simplified phylogenetic tree of the dipterans (flies, mosquitoes and midges). Anopheles: malaria mosquito; Chironomus: chi-
ronomid midge; Clogmia: moth midge; Drosophila: fruit fly; Megaselia: scuttle fly. Relative position of gap gene expression domains and 
number of eve stripes at gastrulation time are shown schematycally for selected species (anterior is to the left). Network diagrams show 
hypothetical examples of regulatory changes: ‘?’ highlights unknown anterior determinant. Posterior hb an gt domains have been swapped 
in Anopheles compared to  Drosophila, and are missing in Clogmia.
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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. Preliminary quantitative data sets for mutants of Kr and kni (Reinitz) are available, and we are 
currently completing 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). This data set is currently being analyzed in detail, and will be used to fit and test various 
network modeling formalisms in the future.

3. A quantitative, comparative study of gap gene regulation in dipterans
Karl Wotton, Anton Crombach

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. 1A). 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 are charac-
terizing their early development by DIC time-lapse microscopy. We have cloned the complete set of gap 
genes from Megaselia. We are raising antibodies against gap proteins in Megaselia and Clogmia, and 
have created a preliminary data set for gap protein expression in Clogmia (with Ken Siggens, in Cambrid-
ge, UK; Fig. 2A). In parallel, we are using colorimetric in situ hybridization to systematically characterize 
gap gene expression at the mRNA level in both Drosophila and Megaselia (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 (Fig. 2B), which is currently used to create expression data-
bases and integrated expression patterns for all three species. These data will be used to fit gene circuit 
models, and will serve as a basis for our in silico evolution study (see below). We are currently implemen-
ting an improved optimization algorithm (parallel Island-based Evolution Strategy, pIES) for model fitting.

Fig. 2: Quantified protein (A) and mRNA (B) expression patterns from the moth midge Clogmia.
(A) Embryo images and quantified protein expression patterns for Hb and Eve at early & late blatodrem.
(B) Data processing pipeline for colorimetric in situ hybridization. Original image, embryo mask with region to be quantified, extracted profiles 
and reconstituted data (by spline approximation) are shown.
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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 as soon as the required quantitative data sets are available 
(see above).
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SUMMARY

The core facilities and the technologies they offer have become central to the science produced at 
the CRG. In order to account for this, and to convert the units into internationally competitive tech-
nology platforms, the CRG core facilities have been significantly restructured during this year. With 
the taking office of Dr. Doris Meder as Head of Core Facilities in February, the core facilities were 
unhinged from the research programmes they had previously been associated with, and were 
instead integrated into a separate structure under the coordination of the Head of Core Facilities. 
Now the core facilities are the third main column of CRG, next to research and administration. Not 
only does this remove the risk of core facilities becoming monopolized by individual opinions and 
instead make them equally accessible to all researchers at CRG and PRBB, but it also facilitates 
the establishment of common procedures. 
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OVERVIEW

The program currently comprises six core facility units: Genomics with the three subunits Genotyping, 
Microarrays and Ultrasequencing, Proteomics, Microscopy, High-throughput Screening, FACS and Bio-
informatics. The Histology Service that was set up within the Differentiation and Cancer program and pro-
vides internal service to CRG researchers has been associated to the Core Facilities Program as well. 

MISSION

The Core Facilities constitute the centralized scientific research infrastructure at CRG and allow research 
scientists shared access to sophisticated and expensive technologies that would be hard or impossi-
ble for the Institute to provide to each research group independently. CRG Core Facilities are open to 
all researchers at the PRBB and also to external users anywhere in the world. They are meant to be a 
meeting point for scientists from different institutes and disciplines, to foster exchange and integration of 
expertise, and to create and conduct interdisciplinary projects.

CONTRIBUTIONS AND ACHIEVEMENTS 

The first half of 2009 was dedicated to consolidating procedures in this newly created program. Besides 
internal organizational measures, a “User Advisory Committee” was created for each Core Facility whose 
function is to monitor user satisfaction and to tailor the technology development towards the needs of 
CRG researchers. The committees consist of 4-5 regular users from CRG, or CRG and UPF who will 
meet quarterly with the Head of Unit and the Head of Core Facilities and give feedback on the perfor-
mance of the Unit, as well as discuss new requirements. 

In the second half of 2009 quite some effort was put into presenting the core facilities, the potential of the 
available technologies, and their services to the research community at the CRG and the PRBB. A “Core 
Facilities Presentation Day” was organized as a morning symposium with short presentations of each 
core facility, explaining to the researchers, which are the available technologies, which projects can be 
taken on, and how they should interact with the Unit. The event was attended by students, postdocs and 
group leaders from the CRG and other PRBB institutes. In order to visualize the workflow in each core 
facility, short video clips were prepared in collaboration with a local movie editor. These were first released 
during the “Core Facilities Presentation Day” and afterwards posted on the Units’ web pages. 

A Technology Symposium Series was established, the aim of which is to present to the researchers the 
cutting-edge technologies of today and tomorrow and how they will impact research. The first one was 
held on December 11th on Next-generation sequencing with Ivo Gut from France and Hans Lehrach from 
Germany presenting their latest research using ultradeep sequencing, and Stephen Turner from Pacific 
Biosciences in the USA presenting their 3rd generation sequencing technology. The symposium was 
extremely well attended, with more than 200 participants from the PRBB and other institutes in Barce-
lona and Catalunya. For 2010, symposia on Proteomics, High-content screening and super-resolution 
microscopy are planned.

The biggest achievement within Core Facilities in the second half of 2009 has been the establishment 
of the Bioinformatics Core. This has been long awaited since the demand for bioinformatics support 
of different types and levels is high, in the research groups as well as in the core facilities. A strategic 
concept for a Bioinformatics Core was elaborated and several high-profile candidates for the Head of 
Bioinformatics Core position were interviewed. Dr. Guglielmo Roma accepted the offer and joined the 
CRG in September. Together with him, the concept for the Bioinformatics Core was revised and the im-
mediate strategies agreed upon. The first member joined the Bioinformatics Core in October, interviews 
for Bioinformatics Scientists were conducted in December and offers were made to three candidates. 
The Bioinformatics Core is already involved in a variety of projects and we are eagerly awaiting for it to 
take off with full resources in the next year.
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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 num-
ber variants (CNVs), loss of heterozygousity (LOH) and DNA methylation status. Our research activity, 
in some cases arising from the involvement of the Genotyping Unit in collaborative projects, is mainly 
focused on the identification of genes that contribute to psychiatric disorders such as attention-deficit/
hyperactivity disorder and obsessive-compulsive disorder.

SERVICES

The Genotyping Unit, supported by “Genoma España” through the National Genotyping Centre (CeGen, 
www.cegen.org) (Barcelona Node Director Xavier Estivill, Genes and Disease Program), provides su-
pport 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, data interpretation, through to 
statistical analysis. 

At the CeGen Barcelona Node several medium and high throughput genotyping and related services 
are available:

 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 (Illumina): 
 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 
 products (Figure 1): HumanOmni1-quad (NEW), Human1M-quad, Human660W-quad, 
 HumanCytoSNP-12 (NEW), BovineSNP50, CanineSNP20 and EquineSNP50.

 9. DNA methylation profiling using GoldenGate or Infinium technology on custom designed 
 arrays and all catalogue Illumina products (Figure 2): HumanMethylation27 and Methylation 
 Cancer Panel I.

All services are integrated with robust software tools for experimental design, management of data and 
analyses (Figure 3). Extensive quality control measures (both human and computational) let us further 
refine the quality of data. Additional information about services and SNP array can be found at the Ge-
notyping Unit webpage (http://www.crg.es/genotyping_unit).

During 2009, liquid handling robots and Illumina scanner have been upgraded in order to be able to 
process the new high density Illumina BeadChips. Other improvements include the development of an in-
house PCR based quality control assay for bisulfite treatment in methylation services, the implementation 
of specific software to identify non-Mendelian errors in high-density SNP data and the use of micronic 
barcoded tubes and plates for traceable DNA sample storage. 
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In addition, we have established an agreement with GATC Biotech so that researchers can outsource 
their Sanger sequencing reactions to this company. Personnel at the Genotyping Unit take care of sam-
ple shipments to GATC Biotech.

During 2009 the Unit has finished 55 genotyping projects for 31 different researchers, produced more 
than 1 million genotypes with SNPlex, more than 4 million genotypes for Illumina custom designs (Ve-
racode and GoldenGate) and has processed 244 Beadchips through Infinium technology. It is worth 
to notice that the number of Veracode services increased almost 10 fold with respect to the previous 
period. The number of processed samples and the number of workorders for each service are detailed 
in table 1. 

Fig 2.
Methylation profiles of bisulfite-converted genomic DNAs 
analyzed with the HumanMethylation27 BeadChip. Green, 
black and red colors correspond to low, medium and high 
methylation levels, respectively. 

Fig 3.
Genotype calling with GenomeStudio soft-

ware, with color coded data points 
(red = AA, purple = AB, blue = BB). 

Fig 1.
Loading DNA samples on llumina Human1M-Duo BeadChips.  

Services    Samples  Workorders

DNA quantification   32,724  46
DNA Extraction   1,326  6
Whole Genome Amplification  5,137  11
Custom Genotyping Illumina  16,660  17
Custom Genotyping SNPlex  14,496  24
Infinium    704  14
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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 two different high-throughput sequencing 
platforms. At present, the Unit is equipped with two Illumina Genome Analyzer IIx sequencers, and one 
Roche 454 FLX sequencing instrument. A wide range of different sequencing services is provided to the 
CRG, PRBB, and to external users, including state-of-the art technologies like ChIP-Seq, mRNA-Seq, 
and small RNA sequencing.

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, mate-pair sequencing), transcriptome analysis 
(mRNA-Seq, strand-specific mRNA Seq, small RNA sequencing, RIP-Seq), 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 (up to 160 million reads per run, read length 36-76 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 
detection, and genome re-sequencing, while long-read 454 sequencing is very appropriate for projects 
such as de novo sequencing of complex genomes 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 and 
the 454-FLX instruments, and performing the sequencing runs. After basecalling, the read sequences 
are quality filtered and mapped against a reference genome (if applicable) and are made available to the 
users as sequence files, quality files, and alignment files. 

RESEARCH PROJECTS

The research of the Ultrasequencing Unit focuses on the development of new procedures, both in the 
lab, and for data analysis. Ongoing projects include the development of DSSS (Direct Strand Specific 
Sequencing, a protocol for strand-specific sequencing of prokaryotic and eukaryotic RNA samples), 
developing robust procedures for miRNA profiling, and the analysis of structural variation in cancer geno-
mes. With funding provided by the German Ministry for Education and Research (BMBF) in the context 
of the GABI-FUTURE program, we are in the process of sequencing the genome and transcriptome of 
the crop plant sugar beet (Beta vulgaris) using 454 and Solexa technology. 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 analyse sequence data from organisms with no reference genome sequence 
available.
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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 and amplification, RNA and DNA sample labeling, 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.

At the CRG, the most common microarray application is mRNA expression profiling. During 2009 we 
have set up the Agilent 1-color protocol, which offers more flexibility in the experimental design. For 
particular samples, we have also developed a new labeling protocol based on random priming. The 
Agilent scanner at the Unit has been upgraded so that it has better resolution and dynamic range and 
can process the high-resolution 1-million-feature microarrays. 

We are currently including one commercial reference sample in every microarray experiment, Universal 
Human Reference RNA for mRNA profiling and Placenta total RNA for miRNA profiling. They provide 
a high-quality standard for accurate and consistent data comparison. Bioinformaticians at the Unit have 
developed new tools to monitor the performance of these RNA reference samples across different expe-
riments. Parameters such as signal and background intensity ratios and the number of detected genes 
are automatically plotted for each experiment and are extremely helpful for identifying potential failures in 
the array processing protocol (Figure 1).

Figure 1. 
Bioinformatic tools for monitoring 

microarrays quality based on the use of a 
reference RNA sample (UHRR, Stratagene). 
The percentage of detected (intensity above 
a certain threshold) microarray probes (red) 
and genes (blue) and percentage of reliable 

(intensity sufficiently larger than background) 
probes (green) across 15 different Agilent 

2-color experiments are shown. 
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We have evaluated the performance of three microarray platforms (Agilent 1-color, Agilent 2-colors and 
Illumina) in profiling the expression of two commercially available reference RNA samples and compared 
the results with those obtained by the Microarray Quality Control Consortium (MAQC) (Figure 2). We have 
conducted a total of 36 hybridizations, including at least 4 technical replicates. Our results show relatively 
low technical variability in the intra-platform measurements (median CV of 7–12% for the quantitative signal), 
as well as high inter-platform concordance (>70%) in terms of genes identified as differentially expressed 
between 2 reference RNA samples. The results from the Agilent 1-color platform are more comparable to 
TaqMan data, whereas the others demonstrate higher signal compression. In summary, our study indicates 
and overall good performance of all 3 platforms tested and high agreement with MAQC results in terms of 
reproducibility, sensitivity and accuracy.

During 2009 the Unit has finished 49 projects for 29 different researchers, processing 385 samples for mRNA 
expression, 192 samples for miRNA profiling, 10 samples for aCGH and 14 samples for ChIP-on-chip. In 
addition, we have fabricated 625 arrays using the Versarray spotter. The Unit also provides access and 
support to real-time qPCR instruments and has set up a new service for automated 384 plate preparation 
using liquid handling robots.

Figure 2. Microarray cross-platform comparison.

a) Gene-wise coefficients of variation of the expression signal values between replicates of the same sample were calculated for both for the diffe-
rent test experiments performed at the Unit (left panel) and for the results reported by the MAQC study (right panel).  The boxplots are highlighted 
to distinguish the different experiments performed using different platforms: Agilent 2-colors (yellow), Agilent 1-color (orange) and Illumina (blue).
b) Comparison of the log ratio differential expression values from each microarray platform relative to values obtained by TaqMan assays. The solid 
lines represent a linear regression fit. Microarrays compression effect is visualized as a deviation from the dashed line (ideal slope=1).

A. Intra-platform reproducibility   B. Microarray and qPCR data comparison

Our data  MAQC data
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Brunet A, Armengol L, Heine D, Rosell J, García-Aragonés M, Gabau E, Estivill X, Guitart M. 
“BAC array CGH in patients with Velocardiofacial syndrome-like features reveals genomic aberrations 
on chromosome region 1q21.1.” 
BMC Med Genet 10:144 (2009).

Armengol L, Villatoro S, González JR, Pantano L, García-Aragonés M, Rabionet R, Cáceres M, Estivill X. 
“Identification of copy number variants defining genomic differences among major human groups.” 
PLoS One 4(9):e7230 (2009).

Buschbeck M, Uribesalgo I, Wibowo I, Rué P, Martin D, Gutierrez A, Morey L, Guigó R, López-Schier H, 
Di Croce L. 
“The histone variant macroH2A is an epigenetic regulator of key developmental genes.” 
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Servitja JM, Pignatelli M, Maestro MA, Cardalda C, Boj SF, Lozano J, Blanco E, Lafuente A, McCarthy 
MI, Sumoy L, Guigó R, Ferrer J. 
“Hnf1alpha (MODY3) controls tissue-specific transcriptional programs and exerts opposed effects on 
cell growth in pancreatic islets and liver.” 
Mol Cell Biol 29(11):2945-59 (2009).

Quiles I, Millán-Ariño L, Subtil-Rodríguez A, Miñana B, Spinedi N, Ballaré C, Beato M, Jordan A. 
“Mutational analysis of progesterone receptor functional domains in stable cell lines delineates sets 
of genes regulated by different mechanisms.” 
Mol Endocrinol 23(6):809-26 (2009). 

PUBLICATIONS BY EXTERNAL MICROARRAY UNIT USERS

Cuscó I, Medrano A, Gener B, Vilardell M, Gallastegui F, Villa O, González E, Rodríguez-Santiago B, 
Vilella E, Del Campo M, Pérez-Jurado LA. 
“Autism-specific copy number variants further implicate the phosphatidylinositol signaling pathway 
and the glutamatergic synapse in the etiology of the disorder.”
Hum Mol Genet 18(10):1795-804 (2009). 
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Del Río JA. 
“Regulation of GABA(A) and glutamate receptor expression, synaptic facilitation and long-term po-
tentiation in the hippocampus of prion mutant mice.” 
PLoS One 4(10):e7592 (2009).
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SUMMARY

Proteome & Proteomics: The word proteome was first conceived by Marc Wilkins in 1984 and is a 
mix of proteins and genome. Proteomics is a contraction of proteome and –omics and translate into 
“the study proteins”. 

In a simplified way, the genome can be seen as the cook book for an organism…with the proteome being 
the dish (Figure 1A). Generally speaking, the genome is a relative static entity which is in sharp contrast to 
the very dynamic proteome. The proteome changes over time, between different cellular compartments, 
or in response to stimulation. An example of this is a recent study by Julia von Blume/Vivek Malhotra 
(von Blume et al. Journal of Cell Biology, 2009). Here, a proteomics ‘snapshot’ is taken of the proteins 
secreted from HeLa cells (the secretome) when genes coding for ADF and cofilin are suppressed.  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 is thus a very broad area that inclu-
des the analysis of:

I) How genes are combined to give rise to alternative gene products (splicing) or isoforms
II) Where specific proteins are expressed, 
III) When proteins are expressed,
IV) How proteins interact (protein-protein interactions),
V) How proteins are being modified (post-translational modifications), and
VI) 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 for proteomics, and that today close to half of all proteo-
mics studies rely on mass spectrometry. The CRG/UPF Joint Proteomics Unit is also relying heavily on 
these instruments. The Unit is equipped with four such instruments where two of these are state-of-the-
art hybrid ion trap / Orbitrap type mass spectrometers (Figure 1B). These state-of-the-art instruments 
offer high resolution, fast acquisition speed and excellent sensitivity, factors which are crucial for in-depth 
proteomic studies.

Fig 1B. 
Two of the work-horse mass spectrome-

ters in the Proteomics Unit. Both Mass 
Spectrometers are connected to Liquid 

Chromatography systems that are used to 
separate digested proteins prior to analysis 

by the mass spectrometers. Such setups 
are abbreviated: LC-MS.

Fig 1A. 
The relation between the genome and the 

proteome can be compared to a recipe 
(here; crème brulée) and the product that 
emerges when the recipe is followed.  In 
the photo, the crème brulée is placed on 
top of a scale which can represent mass 

spectrometry used in proteomics. 
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Where proteomics is often associated with global or larger studies, exemplified by e.g. biomarker 
screens, the analysis of complex signal transduction pathways or mapping phosphorylations in a cell, 
the Proteomics Unit is also taking part in smaller and much more focused studies. Such specialized 
examples include Almer Vandersloot’s /Luis Serrano’s (CRG) elucidation of a proteins 3D structure by 
combining proton/deuterium exchange and mass spectrometry. Figure 2A shows a mass spectrum of a 
peptide originating from a protein, before (top panel) and after (bottom panel) protons in the proteins have 
been allowed to exchange with deuterium. The degenerated pattern in the lower spectrum suggests 
that amino acids in this peptide have taken part in a deuterium exchange and it can be concluded that 
residues in the sequence are located at the surface of the protein and therefore exchange could take pla-
ce. Another example of a focused study is supplied by the group of Elena Hidalgo (Universitat Pompeu 
Fabra - UPF). This group studies the redox-ome in yeast cells focusing on the amino acid cysteine. Using 
stable isotopes and a specific enrichment strategy, cysteines are targeted and compared to a control 
system. The strategy allows filtering for innocent bystanders and pinpointing cysteines that are members 
of the studied redox system. The active cysteines are detected by displaying a differential signal between 
the control and the treated systems. The spectrum (Figure 2B) shows the mass spectrum of a reduced 
cysteine containing peptide which shows a 6-fold difference between the control and the treatment. 

SERVICES TYPE OF OPERATIONS OFFERED

In addition to specialized studies, as exemplified above, typical standard services provide by the unit are:

I) Identifications of proteins by either peptide mass finger printing  (PMF) or liquid chromatography 
coupled to tandem mass spectrometry (LC-MS/MS)
II) Determination of molecular mass of molecules. 
III) Phosphorylation enrichments and analysis by LC-MS/MS
IV) Relative quantitation of proteins based on stable isotopes (iTRAQ or SILAC)
V) Chromatographic separation of peptides and proteins
VI) 1D and 2D gel electrophoresis

AFFILIATIONS

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

PUBLICATIONS

Kandasamy K, Pandey A, Molina H. 
“Evaluation of several MS/MS search algorithms for analysis of spectra derived from electron transfer 
dissociation experiments”. 
Anal Chem 81(17):7170-80 (2009).

Fig 2. 
Three mass spectra are shown.  Horizontal 
axes show mass divided by charge (m/z) 
units, whereas vertical axes are relative 
intensities. A) Top panel shows a spectrum 
of a peptide from a protein that has not yet 
been allowed to exchange protons with the 
1 Dalton heavier deuteriums.  The lower 
spectrum shows the same spectrum after the 
exchange has taken place. The mass increa-
ses (in denominations of 1 Dalton) illustrates 
that residues in this particular sequence have 
been accessible for exchange, meaning they 
have been exposed on the surface of the 
protein. B) Spectrum of a pair of cysteine 
containing peptides with identical chemical 
properties. The mass difference between the 
two peptides is caused by chemical tags and 
the mass difference is created by using tags 
that differ in their content of a normal and a 
heavier carbon isotope (13C). The intensities 
(vertical axis) can directly be converted into 
fold differences in-between the cysteines in 
the two peptides (control versus treatment).
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SUMMARY

The Advanced Light Microscopy Unit (ALMU) of the CRG serves as a core facility for high-end light mi-
croscopy for CRG 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 experiment 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 available in the 
facility include 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 Correlation 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 has extended its capabilities for thick tissue imaging and for molecular studies by 
installing a unique platform comprising two multiphoton microscopes and detection modules for FCS, 
FLIM and combinations of these technologies. The unit is used regularly by researchers from all CRG 
programs and additionally by researchers from other PRBB institutes. Applications range from immu-
nofluorescence imaging of fixed samples to timelapse observations spanning several days.

FACILITY OVERVIEW

In 2009, the Advanced Light Microscopy Unit continued to provide instrumentation at the forefront of 
imaging technology through the installation of a worldwide unique imaging platform. The complete sys-
tem consists of  an inverted Leica SP5 confocal microscope with resonant scanner, the new Leica Single 
Molecule Detection Platform for FLIM, FCS and FLCS (Fluorescence Lifetime Correlation Spectroscopy) 
and an upright fixed stage confocal microscope Leica SP5 CFS (Figure 1). Both microscope systems are 
connected to a multiphoton laser that can be shared between the systems. Above the instrument table, 
a system of instrumentation racks on gliding rails provides a freely configurable workspace to house 
additional equipment that should be located away from the imaging table to avoid vibrations. The com-
bination of an inverted and an upright microscope stand allow the full range of applications from live cell 
imaging through the bottom of petri dishes to complex electrophysiology measurements in animal mo-
dels. Through an optical path inverter, the systems can also be simultaneously operated as two upright 
or two inverted microscopes, thus providing full flexibility for experimental planning.

Fig 1. 
A system combination of two confocal 
microscopes (Leica TCS SP5 AOBS 
inverted and Leica TCS SP5 CFS upright), 
one MaiTai multiphoton laser and the Leica 
Single Molecule Detection Platform for FCS, 
FLIM and FLCS
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The systems were 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. As the instru-
ments are very complex and sensitive to user errors, an additional staff position was created for them 
through the ISC III initiative “Contratos de Técnicos de Apoyo a la Investigación en el Sistema Nacional 
de Salud” that was filled in February with Dr. Arrate Mallabiabarrena, a highly experienced light micros-
copist. 

Among the six 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.

The total microscope usage time of the unit in 2009 surpassed 14000 hours, corresponding to almost 
eight hours of daily usage per microscope system. The usage has grown by 50% compared to the year 
before, reflecting the high need for light microscopy by CRG researchers and the additional capacity that 
became available by the addition of two more systems to the existing three. During the year, 93 in-house 
users from 24 of the CRG research groups have used the unit. On average, 38 users from 16 groups 
worked on the microscopes every month. Additionally the unit was used by 14 users from 8 groups from 
UPF and IMIM. 

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.

Together with Isabelle Vernos from the Cell and Developmental Biology Programme, the head of the unit, 
Timo Zimmermann, co-organised in November a two day microscopy course and a two-day internatio-
nal scientific symposium on “Imaging Approaches to study cytoskeletal dynamics” with Leica Spain.

The ALMU has also participated in the “Zeiss on your campus” initiative, a showcase of the latest Zeiss 
microscopy developments for several days in selected institutes in Europe in February. Carl Zeiss Spain 
and Olympus Spain installed demo systems for thorough evaluation for up to several weeks. The ALMU 
also performed on-site application testing of systems in development.

In the ongoing effort to streamline core facility infrastructures inside PRBB, CRG and the UPF Department 
of Experimental and Health Sciences have agreed to closely link the confocal microscopy facility of the 
UPF with the ALMU. Accordingly, the UPF confocal microscope was moved in November into a location 
inside CRG and the UPF microscopy specialist, Dr. Xavier Sanjuan, moved into the ALMU office. The 
current plan is that also the operating procedures and instrument billing of the two units will be unified in 
the course of the next year.

Fig 2. 
Overview of the available applications in the 

facility and their distribution on the corres-
ponding instruments.
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PUBLICATIONS

Buntru A, Zimmermann T and CR Hauck. 
“Fluorescence resonance energy transfer (FRET)-based subcellular visualization of pathogen-indu-
ced host receptor signaling.” 
BMC Biol 7:81 (2009).

Bussmann LH, Schubert A, Vu Manh TP, De Andres L, Desbordes SC, Parra M, Zimmermann T, Rapino 
F, Rodriguez-Ubreva J, Ballestar E and T Graf. 
“A robust and highly efficient immune cell reprogramming system.” 
Cell Stem Cell 5(5):554-66 (2009).

Book chapters

Zimmermann T, Morrison J, Hogg K, O’Toole P. 
“Clearing up the signal: Spectral imaging and linear unmixing in fluorescence microscopy.” 
In: Confocal microscopy methods and protocols, Ed. Stephen Paddock, in press.

PUBLICATIONS BY CRG ALMU USERS

Sardon T, Cottin T, Xu J, Giannis A and Vernos I. 
“Development and Biological Evaluation of a novel Aurora A Kinase inhibitor” 
ChemBioChem 10(3):464-78 (2009).

Vanneste D, Takagi M, Imamoto N and Vernos I. 
“The role of Hklp2 in the stabilization and maintenance of spindle bipolarity.” 
Current Biology 19(20):1712-7 (2009).

Saito K, Chen M, Bard F, Chen S, Zhou H, Woodley D, Polischuk R, Schekman R and Malhotra V. 
“TANGO1: a protein required for collagen VII packing into COPII transport carriers.” 
Cell 136:891-902 (2009).

von Blume J, Duran JM, Forlanelli E, Alleaume AM, Egorov M, Polishchuk R, Molina H, Malhotra V. 
“Actin remodeling by ADF/cofilin is required for cargo sorting at the trans-Golgi network.” 
J Cell Biol 187(7):1055-69 (2009).

Azkona G, Amador-Arjona A, Obradors-Tarragó C, Varea E, Arqué G, Pinacho R, Fillat C, de la Luna S, 
Estivill X, Dierssen M. 
“Characterization of a mouse model overexpressing beta-site APP-cleaving enzyme 2 reveals a new 
role for BACE2.” 
Genes Brain Behav. 2009 Sep 22. [Epub ahead of print]

Salichs E, Ledda A, Mularoni L, Albà MM, de la Luna S. 
“Genome-wide analysis of histidine repeats reveals their role in the localization of human proteins to 
the nuclear speckles compartment.” 
PLoS Genet 5(3):e1000397 (2009).

Faucherre A, Pujol-Martí J, Kawakami K, López-Schier H. 
“Afferent neurons of the zebrafish lateral line are strict selectors of hair-cell orientation.” 
PLoS One 4(2):e4477 (2009).
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SUMMARY

The High-Throughput Screening (HTS) and Robotics Facility is dedicated to providing automation and 
high-content screening services for a number of research projects. The facility staff provides advice in 
the initial experiment planning, training of the researchers on the instruments and assistance with the 
subsequent data analysis. The mission of the HTS and Robotics Facility is to automate a variety of simple 
and complex assays for high-content biochemical, cell-based, siRNA screening of a plethora of target 
classes.

FACILITY OVERVIEW

During January and February the HTS and Robotics Unit underwent its final phase of refurbishments 
that was completed with the installation of a laminar air flow cabinet from TELSTAR. It now comprises a 
platform for automated cell-based screens in an environment that complies with ISO 5 requirements and 
provides sterile and temperature controlled conditions for working with mammalian cell lines and tissues. 
The platform is a unique design - a customized assembly of sophisticated and sensitive pieces of equi-
pment, including precise liquid handling systems, a cell incubator, a plate reader, and a microscope for 
automated acquisition and analysis of images (figure 1). 

Fig 1. 
Current HTS robotic platform, comprising 
a multimode plate reader, a widefield 
fluorescence screening microscope, as well 
as liquid handlers and a computer server for 
image processing 
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Taking over the management of the Dharmacon SMARTPool siRNA library, the HTS Unit was fully ope-
rational for performing its first genome-wide screen in April 2009.  The first genome-wide siRNA screen 
was performed for the lab of Vivek Malhotra, with the goal of identifying genes implicated in mucus se-
cretion. The primary screen gave more than 400 hits, which will be validated during 2010.

In addition to the siRNA screen, the HTS Unit performed automated ELISAs and automated immunofluo-
rescence stainings for the quality control of the antibodies generated within the CRG Antibody Project.

A number of protocols have been automated and are now available for other projects:  

 1) Library aliquotation 
 2) siRNA transfection 
 3) Fluorescent staining procedure for nuclei detection and counting 
 4) Luminescence procedure for sensitive determination of peroxidase-labelled conjugates 
 in immunoassays
 5) ELISA
 6) Immunofluorescence on fixed mammalian cells
 
All of the protocols listed above were implemented to be executed for a maximal capacity of 32 plates at 
a throughput of 18 plates/day (figure 2A).

For data analysis, a custom script with the following features was written in MATLAB (Figure 2B):

 > Data normalization (B-score)
 > Hits rank 
 > Hits distribution

A)

B)

Fig 2. 
General overview of the workflow of the 

mucin siRNA screen. A) Programs imple-
mented for the robotic platform. B) MATLAB 

application for data analysis (Mucin_HRP) 
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SUMMARY

The Bioinformatics Core Facility aims to provide researchers at CRG, PRBB, and other external institu-
tions with services of consultation, data analysis and management, software development, and access 
to computing resources. As further important commitment, the core will periodically organize courses 
and workshops in order to train biologists on the implementation of the main bioinformatics tools in their 
research.

FACILITY OVERVIEW

Starting in September 2009, the Bioinformatics Unit currently comprises two first members. In its initial 
stage, it has initiated communication with other core facilities and research groups in order to explore 
current bioinformatics and data analysis needs. Meanwhile, the team has provided ad-hoc collaborative 
support to existing projects, as well as started the implementation of a computational infrastructure 
that will be further deployed next year in close collaboration with the Bioinformatics and Genomics Pro-
gramme and the IT department. As further development, additional staff members have been recently 
recruited and will join the team at the beginning of 2010. 

SERVICES

The main goal of the unit is to set up a collaborative environment within CRG/PRBB and contribute to 
research projects providing support to scientists on several bioinformatics aspects. 

Basic services:

> Consultation on bioinformatics methods and resources 
Assistance with the computational aspects of research by providing support and consultation in relation 
to data management, statistical data analysis, and interpretation of experimental data, focusing primarily 
on high-throughput genomics technologies. 

> Software evaluation, implementation, and training
Support on the evaluation and implementation of new bioinformatics software (gathering of users requi-
rements, scheduling, implementation, validation, documentation, training, and end-users support). 

> Customization of bioinformatics resources
Local implementation of genome-related software (e.g. genomics browsers like Ensembl, UCSC, and 
GBrowse) and most common bioinformatics tools (Galaxy, EMBOSS, among others).
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Advanced services:

> High-throughput data analysis of genomics, transcriptomics, and proteomics datasets 

> Downstream analysis for the interpretation of gene lists, including gene set enrichment and over-
representation of biological functions using Gene Ontology terms; 

> Identification of functional genomics elements, such as genes and regulatory sequences, through 
comparative genomics approaches; 

> Construction of ad-hoc databases to allow systematically storage, management, analysis, and search 
of biologically relevant information; 

> Development of bioinformatics scripts and more advanced pipelines to automate sequence analyses 
and genome annotation tasks 

The unit will be also focused on the education of biologists in the analysis and interpretation of their 
experimental data through the provision of custom advice and training in bioinformatics as well as in the 
acquisition of basic programming skills.

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. Epub 2009 Nov 11. [Epub ahead of print] (* 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, in press.

Fig 1. 
Genomic region surrounding 
human c-myc gene
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HIGHLIGHTS

GENE REGULATION PROGRAMME

“Luxury packages for genome messages” 

The genome is the code that determines the biological characteristics of living things. Scientists gene-
rally assume that the genomic code is linear, that is to say its significance is determined by the specific 
DNA sequence. However, the linear DNA sequence of our chromosomes is more than 2 metres long. 
To accommodate all of this information in the diminutive space of the cellular nucleus, it is necessary to 
package it in the most efficient way. A molecular structure called chromatin is responsible for this pac-
kaging. The research of various groups from the Center for Genomic Regulation (CRG) suggests that, 
contrary to that which is generally accepted, the DNA packaging into chromatin also plays a key role in 
the process of gene regulation. 

The instructions to make a living thing work, written in the language of DNA, are translated in the protein 
synthesis to be undertaken by cellular functions. The genetic material, or DNA, is found packaged in the 
cell in the form of chromatin. The DNA in chromatin is wrapped around proteins in units known as nucleo-
somes. In order to express a gene and achieve protein synthesis it is necessary to transcribe DNA into 
RNA. The RNA then undergoes a process called splicing in which some fragments (exons) link in such a 
way that they are used together to synthesise an RNA messenger and a protein. 

This work has revealed that the position of the nucleosomes on the DNA coincides with that of the exons, 
facilitating the splicing process to generate RNA messengers, which are translatable into proteins. In this 
way, the architecture of the DNA packaging predicts the architecture of the RNA messengers: the ge-
nome fragments which contain important information appear to be more delicately packaged than other 
areas with less important contents. The packaging section of the DNA of our cells seems to be very busy 
differentiating between the most essential and accessory messages of our genome. 

The findings are the result of the interdisciplinary collaboration between groups from the Bioinformatics 
and Genomics and Regulation of Gene Expression programmes of the Center for Genomic Regula-
tion (CRG), making this a 100% “home grown” effort. Thanks to the collaboration between the diverse 
research groups, the work demonstrates that knowing the genetic code is not enough and that other 
factors which until now have not been accorded enough importance such as the architecture of DNA in 
chromatin, can play a very important role.

Reference: 
Hagen Tilgner, Christoforos Nikolaou, Sonja Althammer, Michael Sammeth, Miguel Beato, Juan Valcárcel 
and Roderic Guigó. 
“Nucleosome positioning as a determinant of exon recognition.”
Nature Structural and Molecular Biology, September 3 2009, DOI: 10.1038/nsmb.1658 http://www.
nature.com/nsmb 



188 . Annual Report 2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

HIGHLIGHTS

DIFFERENTIATION AND CANCER PROGRAMME

“A step forward in cell reprogramming”

There are increasingly more research groups trying to discover the mechanisms of cell differentiation in 
order to reprogramme differentiated cells. Thomas Graf and his team have described a process of cell re-
programming which results in morphologically and functionally distinct cells with a 100% efficiency rate.

The researchers have used B lymphocyte precursor cells and reprogrammed them in order to transform 
them into macrophages using the inducible expression of only one transcription factor. Both types of 
cells form part of the immune system but are morphologically, structurally and functionally very different. 
Whereas type B lymphocytes are antibody-producing cells, macrophages are responsible, via phago-
cytosis, for the elimination of both foreign agents introduced into the body and dead tissue cells. In this 
way, the new macrophages induced by the system described by the investigators are bigger than the 
original cells, they contain different cellular organelles and the structure of their cytoskeleton is modified, 
so they have phagocytic capacity and respond to inflammation stimuli. Moreover, it was observed that 
the cells acquire their new form and function a few hours after induction. Two or three days later these 
lymphocytes have converted into completely autonomous macrophages.

The speed and efficiency of the reprogramming reached by Thomas Graf and collaborators has not been 
achieved in any other type of cell. For example, in studies of reprogramming of somatic cells to iPS cells 
there always exists a high percentage of the cellular population that is not reprogrammed. This makes 
the study of the reprogramming mechanism at a molecular level very difficult. For this reason, the new 
system published in the Cell Stem Cell journal, is a unique tool for the study of biochemical and biological 
aspects of cell reprogramming. 

This study is part of the cell reprogramming project of the CRG, a project in which all of the research 
programmes of the centre collaborate. The ultimate goal of this project is to understand cell differentiation 
in various tissues of the body, a fundamental process in all multicellular organisms and one which we 
still understand very little of. In the future these studies will enable us to generate differentiated cells “a 
la carte” from cultured cell biopsies. In this way, not only will immunologic rejection be avoided, but the 
application of this in regenerative medicine would also be much simpler, and perhaps less dangerous, 
than the use of embryonic stem cells.

Reference: 
Bussman et al. 
“A Robust and Highly Efficient Immune Cell Reprogramming System.”
Cell Stem Cell. 2009. DOI: 10.1016/j.stem.2009.10.004 http://www.cell.com/cell-stem-cell/ 
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HIGHLIGHTS

GENES AND DISEASE PROGRAMME

“Genetic causes for psoriasis” 

Psoriasis is a chronic inflammatory disease of the skin, affecting over 15 million people in Europe, and 
usually appearing between the ages of 15 and 40. It causes abnormal proliferation and differentiation 
of skin cells (excessive growth), due to changes in the skin, specifically the keratinocytes. Although the 
exact cause of psoriasis is still unknown, the disease is due to a combination of genetic and environ-
mental factors. Certain drugs, infection, trauma, cold weather and stress are the main triggers of this 
skin disease, characterised by the presence of quite extensive skin lesions, although it may also affect 
the joints.

Psoriasis is most common among identical twins (monozygotic) and there are families in which psoriasis 
is highly prevalent, the evidence of which demonstrates that genetic causes are involved. Although scien-
tists have identified some of the genetic factors involved in susceptibility to psoriasis (such as the major 
histocompatibility system or HLA), only a few factors are common to different populations, probably 
reflecting the exposure of humans to different environments. 

The Genetic Causes of Disease Group led by Xavier Estivill at the CRG looked at samples from patients 
and control subjects in a comprehensive study of the genome. Researchers have explored regions of the 
genome, which vary in the number of copies of the genes they contain, known as CNVs (copy number 
variants). The investigation discovered that patients with psoriasis lack, with a significantly high frequen-
cy, both copies of two genes known as LCE3B and LCE3C. Samples from more than 2,500 subjects 
from Spain, Holland, Italy and the United States were studied, with similar results being obtained from all 
groups. This research, published in the journal Nature Genetics, showed that the absence of the LCE3B 
and LCE3C genes contributes to over 20% of the risk of developing psoriasis, it being the main genetic 
factor for susceptibility after the HLA locus. 

The project gathered together a group of investigators from different countries (Italy, the United Kingdom, 
the Netherlands and the United States). The investigation is a milestone in the identification of the genes 
involved in multifactor diseases. CRG investigators Rafael de Cid and Eva Riveira have played a major 
role in developing the work, which has relied upon many clinical collaborators. Researchers are now 
studying additional processes that alter the entry barrier for microorganisms and further agents which 
can damage the skin and other tissues for which these genes may have a protective role. The work has 
immediate diagnostic implications and opens new avenues for the exploration of preventive and curative 
treatments for a disease that affects 2% of people and for which only palliative treatments are available.

The Catalan Government, the Ministry of Science and Innovation, and the European Commission su-
pported this research. The results represent an advance in the implementation of the genome sequen-
cing of various diseases, in which Spain has decided to play an important role by creating a new sequen-
cing centre and financing projects in this field.

Reference: 
De Cid, R. et al.
“Deletion of the late cornified envelope LCE3B and LCE3C genes as a susceptibility factor for psoriasis.”
Nature Genetics, DOI: 10.1038/ng.313. http://www.nature.com/ng/index.html 
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HIGHLIGHTS

BIOINFORMATICS AND GENOMICS PROGRAMME

“The bovine genome: new information about mammalian evolution and clues to 
efficient cattle”

The genomics era provides us with new decoded genomes. The Bovine Genome Sequencing project 
involved over 300 scientists from 25 countries, and researchers from the Centre for Genomic Regulation 
(CRG) played a major role. Francisco Cámara, Tyler Alioto and Roderic Guigó, from the CRG, contributed 
to the gene identification while Roderic Guigó led the international team for the experimental validation of 
the gene set. He also oversaw the studies of sequencing other genomes (human, mouse & rat) and his 
laboratory collaborated in this new international study published in Science.

The cattle sequence took six years to complete, annotate and analyse. The Bovine Genome Sequencing 
Project sequenced the genome of a female Hereford cow named L1 Dominette. The Hereford breed 
originated in England and is one of the most important food producing breed in the world. The previously 
studied mammals were laboratory animals and humans. The bovine genome sequencing is the first lives-
tock genome to be studied. The genome, consisting of at least 22,000 genes, is more similar to that of 
humans than mice or rats; most cattle chromosomes correspond to part or all of human chromosomes, 
although the DNA is rearranged in certain areas.

The work showed that cattle and humans still conserve a high degree of similarity in the organisation of 
their chromosomal architecture, far more so than with humans and mice. It seems that, like humans, 
duplicated segments appear to have played a major role in the rearrangements of chromosomes in the 
cattle lineage.

Some of these rearrangements appear important to cattle biology as they impact on genes involved in 
immunity, lactation, metabolism and digestion. These changes could help explain the amazing ability of 
cattle to efficiently convert low-quality fodder into energy-dense meat and milk, processes long exploited 
by man. One particular genetic rearrangement involves the histatherin gene in mammary tissue, which 
undergoes special regulation during lactation. It produces a novel protein in milk which has anti-microbial 
activity. Other gene changes result in the transfer of immunoglobulin G to milk which passes on innate 
immunity to suckling calves from their dams.

The international consortium of researchers involved in the project agreed that the challenge for the 
future is the exploration of the bovine genome sequence in greater depth in order to fully understand the 
genetic basis of the evolutionary success of ruminants as this will provide opportunities to address some 
of the crucial current issues.

Reference: 
The Bovine Genome Sequencing and Analysis Consortium, Christine G. Elsik, Ross L. Tellam, Kim Worley. 
“The Genome Sequence of Taurine Cattle: A Window to Rumiant Biology and Evolution.”
Science, vol. 324, doi:10.1126/science.1169588 (2009). www.sciencemag.org 
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HIGHLIGHTS

CELL AND DEVELOPMENTAL BIOLOGY PROGRAMME

“Tango1: a guide for protein transport inside the cell”

At least 15% of the genes in our genome encode for proteins that are secreted from cells. But, who is in 
charge of controlling traffic within the cell? Who decides the best travel programme for each newly made 
protein? What prevents these proteins from travelling to the wrong place? What averts traffic jams?

Until recently, it was thought that the proteins destined for secretion were packed into transport carriers 
without any specific guides or loaders. The transport of proteins is mediated by small containers, which 
package them in the Endoplasmic Reticulum and deliver them to the next station within the cell. This 
process is repeated; the load moves forwards and is ultimately secreted from the cell. However, recent 
evidence suggests that some proteins require special guides for their transport. 

The work, published in the Cell journal, was directed by Vivek Malhotra, coordinator of the Cell and 
Developmental Biology Programme at the Centre for Genomic Regulation (CRG) and reveals the identity 
of a new protein called TANGO1 that places the load into transport carriers via a novel mechanism. 
TANGO1 is responsible for the transport of proteins such as collagen VII, which is too big to fit into a 
standard transport carrier. TANGO1 helps in creating a special larger transport carrier for collagen VII 
but, strangely, employs the same machinery and the same materials used for generating the standard 
small transport carriers. To summarise, using the same materials, TANGO1 builds a transatlantic liner in 
place of a rowing boat.

TANGO1 captures collagen VII with one end and holds the transport carrier with the other, preventing it 
from leaving the Endoplasmic Reticulum. In this state the transport carrier grows in size to accommo-
date the bulky collagen VII. Once a transport carrier big enough to accommodate collagen VII has been 
created, TANGO1 lets go of the collagen VII and the newly forming mega-transport carrier. The transport 
carrier is then allowed to depart and travel in the forward direction of secretion. These findings provide 
strong evidence that cells use specific guides for loading cargo and can make different sized carriers 
depending on the size of the load. 

Upon secretion collagen VII interacts with other adhesive proteins and helps in the attachment of the 
epidermis to the dermis. Patients with genetic defects in collagen VII have a number of severe skin di-
sorders which are collectively called Dystrophic Epidermolysis Bullosa (DEB) and Epidermolysis Bullosa 
Acquisita (EBA), respectively. TANGO1-mediated collagen VII export could reveal important insights into 
the process of skin biogenesis.

It is important to note that collagen VII is not only secreted by the skin cells and TANGO1 is present in 
all cells. Malhotra and colleagues suggest that TANGO1 is required for the secretion of proteins that 
are generally required for cell-cell attachment. Cancer cells disrupt this attachment and revealing the 
mechanism of TANGO1-dependent protein secretion of adhesive proteins could help the understanding 
of cancer metastasis.

Reference: 
Saito K, Chen M, Bard F, Chen S, Zhou H, Woodley D, Polischuck R, Schekman R and Malhotra V. 
“TANGO1 facilitates cargo loading at Endoplasmatic Reticulum exit sites.”
Cell, March 6 2009, DOI: 10.1016/j.cell.2008.12.025. http://www.cell.com 



HIGHLIGHTS

SYSTEMS BIOLOGY PROGRAMME

“Even the simplest form of life is more complex than expected”

What are the bare essentials of life, the indispensable ingredients required to produce a cell that can 
survive on its own? Can we describe the molecular anatomy of a cell, and understand how an entire 
organism functions as a system? These are just some of the questions that scientists in a partnership 
between the Centre for Genomic Regulation (CRG) in Barcelona and the European Molecular Biology 
Laboratory (EMBL) in Heidelberg, set out to address.

Three papers, published back-to-back in Science and which provide the first comprehensive picture of 
a minimal cell, based on an extensive quantitative study of the biology of a bacterium, are the results 
of the work. The bacterium studied was Mycoplasma pneumoniae, a small, single-cell bacterium that 
causes atypical pneumonia in humans. It is also one of the smallest prokaryotes that does not depend 
on a host’s cellular machinery to reproduce. This is why the researchers, who set out to characterise a 
minimal cell, chose M. pneumoniae as the model: it is complex enough to survive on its own, but also 
small and, theoretically, simple enough to represent a minimal cell and allow a global analysis.

The investigation went beyond the genome, and the researchers approached the bacterium on three 
different levels. One team of scientists described the transcriptome of M. pneumoniae, identifying all the 
RNA molecules, or transcripts, produced from its DNA, under various environmental conditions. Another 
defined all of the metabolic reactions that occurred within it, collectively known as its metabolome, under 
the same conditions. A third team identified every multi-protein complex the bacterium produced, thus 
characterising its proteome organisation. 

The results revealed that more than genome sequencing is necessary to understand how organisms 
work and that even the simplest of cells is more complex than expected. Moreover, the study uncovered 
fascinating new facts relevant to bacterial biology. For example, when studying both its proteome and its 
metabolome, the scientists found many molecules were multifunctional, with metabolic enzymes cataly-
sing multiple reactions. They also showed that the regulation of this bacterium’s transcriptome is much 
more similar to that of eukaryotes than previously thought. Another surprise was the fact that, although it 
has a very small genome, this bacterium is incredibly flexible and readily adjusts its metabolism to drastic 
changes in environmental conditions. This adaptability and its underlying regulatory mechanisms mean 
that M. pneumoniae has the potential to evolve quickly, and all the above features are also shared with 
other, more evolved organisms.

Luis Serrano and the researchers from his laboratory of Design of Biological Systems at the CRG could 
build a complete overall picture of how the whole organism functions as a system. This study required 
a wide range of expertise to understand the molecular organisation of M. pneumoniae at such diffe-
rent scales and integrate all the resulting information. The group will amalgamate all of the results in an 
engineering and monitoring project of M. pneumoniae as a cellular organelle. They continue trying to 
understand how this bacteria works in order to be able to manipulate it in the future and, for example, 
use it to cure diseases.

References: 
Güell, M. et al. 
“Transcriptome Complexity in a Genome-Reduced Baterium.”
Science (2009) Vol. 326. DOI: 10.1126/science.1176951. www.sciencemag.org

Yus, E. et al. 
“Impact of Genome Rection on Bacterial Metabolism and Its Regulation.”
Science (2009) Vol. 326. DOI: 10.1126/science.1177263. www.sciencemag.org 

Kühner, S. et al. 
“Proteome Organization in a Genome-Reduced Bacterium.”
Science (2009) Vol. 236. DOI: 10.1126/science.1176343. www.sciencemag.org 
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Appendix 1

VIII ANNUAL SYMPOSIUM OF THE CENTRE 
FOR GENOMIC REGULATION

“Stem Cells, Differentiation and Cancer”

The CRG symposia have been highly successful in bringing together some of the best scientists in their 
field. For the VIIIth symposium we merged the fields of stem cell research and differentiation with that of 
cancer. Differentiation and cancer have long been considered as being two sides of the same coin, in 
particular in the case of leukemias. Thus, many leukemias essentially represent differentiation diseases, 
in which specific oncogenes (often over-expressed or fused transcription factors) cause the proliferation 
of aberrantly or incompletely differentiated blood cells. Some of the successful therapies revolve around 
the concept to enable their differentiation, bringing the cells into a resting state, the best example of 
which is the treatment of PML RAR induced promyelocytic leukemia with retinoic acid. This field has been 
pioneered by Pier Giuseppe Pellici. 

More recently a strong link has also been established between stem cells and cancer. Studies in the 
90s by John Dick and colleagues showed that acute myeloid leukemia is a heterogeneous population, 
consisting of a small fraction of cells with self-renewal potential (the ‘cancer stem cells’) and the bulk of 
the leukemic cells that are essentially non-dividing cells. This concept has now been extended to other 
types of tumors, such a mammary and colon carcinomas, although it appears not to be a universal 
principle of all cancers. 

The question of whether or not a given tumor contains a subset of self-renewing cells with tumor initiating 
potential is not just of academic interest, as it strongly influences the approaches chosen for therapy. If a 
defined subset of cancer stem cells can be identified, all efforts should be directed at eradicating them; if 
essentially all cells in a tumor proliferate, the approach must be directed at the bulk of the population.

Interestingly, there are now several studies that establish a connection between stem cells, differentiation 
and cancer. For example, it has been shown in mouse models by Tariq Enver and others, that certain 
types of leukemias induced by aberrant transcription factors originate not from stem cells, as it had been 
originally assumed, but from committed progenitors, which are then directed to acquire self-renewal 
potential and to exhibit a stem cell specific gene expression signature. In addition, as shown by Robert 
Weinberg and colleagues, mammary epithelial cells induced to become tumorigenic by undergoing an 
epithelial to mesenchymal transition acquire stem cells properties. Together, these findings suggest that 
at least some forms of cancer arise by the reprogramming of differentiated cells under the influence of 
aberrant transcription factors, and undergo extensive remodelling of their epigenetic machinery. This 
remodelling may also involve specific microRNAs, as has been shown for a number of tumor types. All of 
the above-mentioned scientists, except Tariq Enver, participated at the conference.

Additionally, the field of epidermal stem cells (and its links with cancer) was represented by one of the 
leading scientists in the field. Elaine Fuchs and with Fiona Watt (who wasn’t finally able to participate), 
have made seminal contributions to isolate, and characterize epidermal stem cells. They have identified 
key pathways that control their behaviour during homeostasis and cancer onset and progression. As 
well, they have studied in recent years how and when epidermal stem cells are specified early during 
embryonic development, and how they make lineage choices to form the entire epidermal compartment. 
More specifically, they have described a role for wnt TGFb, Bmp and Notch signalling as essential players 
in epithelial stem cell differentiation and lineage commitment.

The role of one of the best-characterized oncogenes, Myc, and its contribution to the establishment 
and maintenance of the cancer phenotype was discussed by Gerard Evan. Finally, the importance of 
epigenetic gene programming and reprogramming, telomers, either at specific loci or genome-wide was 
illustrated by Wolf Reik, Maria Blasco and Richard Young.

In this scenario, the VIII CRG Symposium titled “STEM CELLS, DIFFERENTIATION AND CANCER” was 
held on 15th and 16th October 2009, at the PRBB Auditorium in Barcelona. The symposium, gathe-
red some of the worldwide leaders in the fields of stem cells, differentiation and cancer and became a 
magnet for the attendance of the Spanish and the international scientific community working in these 
areas. The symposium was open to everyone in the community and attracted a national and international 
audience and included 16 presentations of high level speakers divided into two blocks.

All attendants agreed that the speakers selected were the best worldwide in their respective areas and 
according to the different sessions in which the symposium was divided. The topics presented, as well 
as the discussions afterwards were of high interest for the scientists from the CRG and the entire scien-
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tific community in the area of Barcelona, as well as for all the attendants coming from the rest of Spain 
and Europe. On the other hand, it is very important to highlight that contacts amongst several of the 
speakers’ groups were established, which might crystallize in future collaboration projects.

The high number of attendants (more than 250), the level of the invited speakers and the discussions 
contributed to internationalize the scientific image of Barcelona, Catalonia and Spain. 

We do believe the final result of this symposium was really interesting for the attendants, due to the rele-
vance and prestige of experts in this area. The contents and format of the symposium worked as a forum, 
clearly suitable for the consecution of these objectives and for this reason, we consider it a great success.
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Appendix 2

PRBB-CRG SESSIONS 2009

04-12-09  Thomas Risler 
Laboratoire Physico-Chimie Curie, CNRS-UMR 168, Universite 
Pierre et Marie Curie Paris VI, Institut Curie, Paris, France 
“Homeostatic pressure driving tumor growth: From general 
physics arguments to cellular pathways”

27-11-09  Rudy Dekeyser  
VIB, Flanders Institute of Biotechnology, Belgium 
“When is your research sexy enough for industry?”

13-11-09  Ari Helenius  
Institut f. Biochemie, ETH Zürich, Switzerland
“How viruses enter their host cells”

06-11-09  Irene Bozzoni 
Dept. of Genetics and Molecular Biology, Sapienza-University of 
Rome, Rome, Italy 
“Role of small non coding RNAs in the physiopathology and the-
rapy of Duchenne Muscular Dystrophy”

04-11-09  Steve Cohen 
Chief Executive Officer, Developmental Biology Program, Tema-
sek Life Sciences Laboratory, Singapore
“MicroRNA Functions”

30-10-09  Weimin Zhong 
Department of Molecular, Cellular and Developmental Biology, 
Yale University, USA
“Mechanisms of Stem-Cell Homeostasis”

09-10-09  Marcos Gonzalez-Gaitan
Departament of Biochemistry Sciences II, Geneva, Switzerland
“Temporal versus spatial computation of DPP during growth 
control”

02-10-09  Kevin Davies
Editor-in-Chief, Bio-IT World, Needham, USA 
“Personal Genomics and Next generation Sequencing”

25-09-09  Jordi Torres-Rosell
Eukaryotic Cell Cycle Lab, IRB Lleida, Spain
“The Smc5/6 complex: a ‘resolvin’ for DNA-mediated cohe-
sion?”

14-09-09  Paul Fox
Prof. of Molecular Medicine, Department of Cell Biology, Lerner 
Research Institute / NC10 Cleveland Clinic, USA
“The GAIT system: A gatekeeper of inflammatory gene expres-
sion”

04-09-09  Bill Hansson 
Department of Evolutionary Neuroethology, Max Planck Institute for 
Chemical Ecology, Jena, Germany
“Olfactory Evolution”

31-07-09  Pilar Blancafort 
Dept. of Pharmacology and Lineberger Comprehensive Cancer Cen-
ter, University of North Carolina at Chapel Hill, USA
“Reprogramming self-renewal in breast cancer with Artificial 
Transcription Factors”

27-07-09  Pia Cosma 
Inborn Errors of Metabolism Research Programme, Telethon Insti-
tute of Genetics and Medicine (TIGEM), Napoli, Italy
“Periodic activation of Wnt signalling: a toggle switch for mouse 
somatic cell reprogramming”

17-07-09  Josep Lluís Sanfeliu 
Ysios Capital Partners, Barcelona, Spain
“Ingredients and timing to create a new biotech company”

26-06-09  Haig H. Kazazian, Jr. 
Seymour Gray Prof. of Molecular Medicine, Department of Gene-
tics, University of Pennsylvania School of Medicine, USA 
“Biology of human L1 retrotransposon”

12-06-09  Manolis Dermitzakis 
Wellcome Trust Sanger Institute, Hinxton, Cambridge, UK
“Advances in genomics of human gene expression”

05-06-09  Hermann Bujard 
Director, EMBO, Heidelberg, Germany
“Studying gene functions via tetracycline controlled transcrip-
tion activation:  principles, advances, applications”

29-05-09  Lluis Montoliu 
Departamento de Biología Molecular y Celular, Centro Nacional de 
Biotecnologia (CNB-CSIC), Madrid, Spain
“EMMA (The European Mouse Mutant Archive), now in Spain”

18-05-09  Carlos Brody 
Dept.of Molecular Biology, Princeton University, Princeton, USA
“Functional separation between “what” and “when” in prefrontal 
cortex”

08-05-09  Witold Filipowicz 
Friedrich Miescher Institute for Biomedical Research, Basel, Swit-
zerland 
“Mechanisms and regulation of miRNA-mediated repression in 
mammalian cells”

22-04-09  Danny Reinberg
HHMI Investigator, Biochemistry Dept., NYU School of Medicine-
Smilow Research Center, New York, USA 
“A molecular understanding of Epigenetics”

17-04-09  Alexander Borst 
Max Planck Institute of Neurobiology, Martinsried, Germany
“In search of the holy grail of fly motion vision”

03-04-09  Hollis Cline
Professor, Depts of Cell Biology and Chemical Physiology, The Scripps 
Research Insitute, La Jolla, USA
“Activity Dependent Mechanisms controlling Visual System De-
velopment”

27-03-09  Antoine H.F.M. Peters
Friedrich Miescher Institute for Biomedical Research (FMI), Novar-
tis Research Foundation, Basel, Switzerland 
“Epigenetic control of early mouse development: integrating pa-
rental contributions into embryonic programs”

20-03-09  Jürgen Meier 
European Patent Attorney, Vossius & Partner, Germany
“Biotech and Patents: rumors, speculations and the truth”
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13-03-09  Amos Bairoch 
Swiss Institute of Bioinformatics, Swiss-Prot Group, Geneve, 
Switzerland 
“The consequences of the first complete annotation of the hu-
man ‘proteome’: a new database, collaborative efforts and... 
back to the wet lab!”

05-03-09  Esteban González Burchard 
Associate Professor, Depts. of Biopharmaceutical Sciences & Medi-
cine, University of California, San Francisco, USA
“The Importance of Race/Ethnicity in Biomedical Research and 
Clinical Practice”

27-02-09  Manel Esteller
Programa de Epigenetica y Biología del Cancer, IDIBELL-ICREA, 
Barcelona, Spain 
“Cancer Epigenetics”

20-02-09  Gero Miesenböck 
Department of Physiology, Anatomy and Genetics, University of 
Oxford, UK 
“Writing to Memory”

06-02-09  Nikolaus Rajewsky 
Max Delbruck Center for Molecular Medicine, Berlin-Buch, Ger-
many 
“microRNAs and post-transcriptional gene regulation”

30-01-09  Iiris Hovatta 
Department of Medical Genetics, University of Helsinki, Finland
“A cross-species neurogenomics approach reveals novel can-
didate genes for anxiety disorders”

22-01-09  Juan Martínez 
Centro Andaluz de Biología del Desarrollo, Universidad de Olavide 
- CSIC, Sevilla, Spain
“The genetic control of eye morphogenesis in medakafish”

PROGRAMME & CORE FACILITIES 
SEMINARS 2009
GENES & DISEASE PROGRAMME

14-12-09 Carmen Sandi 
Laboratory of Behavioral Genetics, Brain Mind Institute, Ecole Po-
lytechnique Federale de Lausanne (EPFL), Switzerland
“Understanding the contribution of stress to cognitive 
function”

16-11-09 Maria V. Sanchez-Vives 
ICREA Professor, IDIBAPS, Barcelona, Spain
“Cerebral Cortex: The rhythms and the players”

05-10-09 Mel Slater 
ICREA Professor, Universitat de Barcelona, Spain
“Immersive Virtual Environments in the Study of Body Owner-
ship Illusions”

28-05-09 Anne Bowcock 
Department of Genetics, Washington University School of Medi-
cine, USA
“Genetics of psoriasis: A complex disease of the skin 
and joints”

18-05-09 Alexander Cupido 
Department of Neuroscience, Erasmus University Medical Center, 
Rotterdam, The Netherlands
“The Erasmus Ladder: an Automated System to Measure Motor 
Performance and Associative Motor Learning in Mice.”

03-04-09 Luciano Sobrevals 
CIMA, Universidad de Navarra, Pamplona, Spain
“sv40 and aav vectors expressing insulin-like growth factor i re-
vert establish cirrosis in rats”

SYSTEMS BIOLOGY PROGRAMME 

04-12-09 Tine Arnvig 
Division of Mycobacterial Research, NIMR, MRC, London, UK
“Regulatory RNA in Mycobacterium tuberculosis”

03-12-09 Mark Matzas 
Febit Holding GmbH, Heidelberg, Germany
“New generation gene synthesis: performance gain by a new 
combination of high throughput technology”

23-11-09 Jacek Puchalka 
Systems and Synthetic Biology, Helmholtz-Centre for Infection 
Research (HZI), Braunschweig, Germany
“Navigating the microbial metabolic landscape through geno-
me scale constraint-based modelling”

20-11-09 Luke Jostins 
Statistical and computational genetics, Wellcome Trust Sanger 
Institute, Hinxton, Cambridge, UK
“Biologically-Inspired Computing for Biological Problems: A 
Comparison of Parallel Global Optimisation Algorithms for Re-
verse Engineering Gene Networks”

13-11-09 Fabio Mohn 
Friedrich Miescher Institute for Biomedical Research, Basel, 
Switzerland
“Epigenome Dynamics During Stem Cell Differentiation As A 
Function Of DNA Sequence”

28-10-09 Leonardo Trabuco 
Theoretical and Computational Biophysics Group, University of 
Illinois, Urbana, USA
“Investigating the mechanisms of protein synthesis using multi-
resolution structural data”

21-10-09 Yolanda Schaerli 
Department of Chemistry and Biochemistry, University of Cam-
bridge, Cambridge, UK
“Microfluidic droplets - the unit operation of DNA amplifica-
tion”
14-10-09 Troy Shirangi 
University of Wisconsin-Madison, USA
“Evolution of behavior and pheromone signals in Drosophila”

08-10-09 David Jarriault 
INRA, Versailles, France
“Sex pheromone coding and its plasticity in the moth Agrotis 
ipsilon”

05-10-09 Toru Yao 
RIKEN, AIST and JST, Japan
“RIKEN and Systems Biology in Japan”
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26-01-09 Gregory J. Stephens 
Lewis-Sigler Institute for Integrative Genomics, Princeton Univer-
sity, USA
“More bits for behavior:  from C elegans movement toward the 
principles of animal action”

BIOINFORMATICS & GENOMICS PROGRAMME

17-12-09 Hideki Innan 
Graduate University for Advanced Studies, Hayama 240-0193, 
Japan
“Coevolution of Duplicated Genes by Gene Conversion”

10-12-09 Andrea Tanzer 
Institute for Theoretical Chemistry, TBI University of Vienna, Austria
“Evolution of miRNAs and other small ncRNAs”

10-12-09 Gabriel Valiente 
G.V., Technical Universty of Catalonia, Spain
“Accurate Taxonomic Assignment of Short Pyrosequencing 
Reads”

19-11-09 Steve Mount 
Department of Cell Biology and Molecular Genetics, University of 
Maryland, USA
“Some human polymorphisms affecting splicing”

09-09-09 Michael Galperin 
“What Part of the Genome Sequence Do You Not Understand?”
“What Part of the Genome Sequence Do You Not Understand?”

15-07-09 Rory Johnson 
Stem Cell and Developmental Biology Group, Genome Institute of 
Singapore 
“Investigating Gene Regulatory Networks in Development, Di-
sease and Evolution”

09-07-09 Angelika Merkel
Molecular Ecology Lab, School of Biological Sciences, University 
of Canterbury in Christchurch, New Zealand
“Evolution of short tandem repeats (microsatellites) in yeast”

08-07-09 Jesse Shapir 
Alm Laboratory for Microbiology, Massachusetts Institute of Tech-
nology, USA  
“Sympatric speciation in marine vibrios is driven by a few eco-
logically relevant loci”

07-07-09 Roman Valls Guimerà 
esCERT-UPC, Barcelona, Spain
“Cloud computing for Biology”

05-06-09 Michael Laessig 
Statistical Physics and Quantitative Biology, Institute for Theoreti-
cal Physics University of Cologne, Germany
“From fitness landscapes to seascapes: Non-equilibrium dyna-
mics of selection and adaptation”

28-05-09 Chaysavanh Manichanh
Institut de Recerca Vall d’Hebron, Barcelona, Spain
“Gut Microbiota ‘Transplantation’ and High-throughput se-
quencing”

10-07-09 Chris Sander 
Computational and Systems Biology, Memorial Sloan Kettering 
Cancer, New York City, USA
“Systems Biology of Cancer Cells”

07-07-09 Madan Babu 
MRC Laboratory of Molecular Biology, University of Cambridge, 
Cambridge, UK
“The impact of genomic neighbourhood on human transcrip-
tome evolution”

12-06-09 Xavier Trepat 
Unitat de Biofísica i Bioenginyeria, Universitat de Barcelona, and 
Institute For Bioengineering of Catalonia, Barcelona, Spain
“Cytoskeletal Fragility and Collective Cell Migration”

09-06-09 Thomas Nowotny 
CCNR, Informatics, University of Sussex, Brighton, UK
“Large (neural) network simulations in the NVidia CUDA parallel 
computing framework”

25-05-09 Nick Monk 
Division of Applied Mathematics, School of Mathematical Scien-
ces, University of Nottingham, Nottingham, UK
“Delay-driven oscillations in the Notch signalling network”

22-05-09 Alexis Gallagher 
Department of Zoology, Oxford University, Oxford, UK
“Can we explain the evolution of complexity? - The prospects 
of a formal theory of evolvability.”

18-05-09 Vincent Hakim 
Laboratoire de Physique Statistique, ENS, Paris, France
“What can one learn about the structure of gene networks by 
simulating evolution in silico?”

20-04-09 Andrew Millar 
School of Biological Sciences, The University of Edinburgh, Edin-
burgh, UK
“Flexible Regulation in Biological Clockworks”

14-04-09 Bertram Gerber 
Dept. of Genetics and Neurobiology, University of Wuerzburg, 
Wuerzburg, Germany
“Neurogenetics of learning in Drosophila”

07-04-09 Leah Herrgen 
Max Planck Institute of Molecular Cell Biology and Genetics, Dres-
den, Germany
“Time and time again - The regulation of segmentation clock 
period in zebrafish”

26-03-09 Robert Hoffmann 
Computational Biology Center, Memorial Sloan-Kettering Cancer 
Center, New York, USA
“iHOP and WikiGenes - Information Management Strategies for 
the Life Sciences”

05-02-09 Nicola Abrescia 
Structural Biology Unit, CIC bioGUNE, Derio, Spain
“Closer and closer to Eukarya: The crystal structure of the com-
plete 13-multi subunits archaeal RNAP”
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04-05-09 Knut Reiner 
Freie Universität Berlin, Institut für Informatik, AG Algorithmische 
Bioinformatik, Germany
“Algorithms for Next Generation Sequencing. Efficient imple-
mentations for Read mapping and Insert Sequencing using the 
SeqAn C++ library”

30-04-09 Martijn Huynen
Nijmegen Centre for Molecular Life Sciences, The Netherlands
“Evolution of the mitochondrial proteome and its application for 
protein function prediction”

24-04-09 Daniel Zerbino 
PANDA Nucleotides Group, European Bioinformatics Institute (EBI), 
Cambridge, UK
“Assembling and comparing genomes with de Bruijn graphs”

17-04-09 Ariel Fernández 
Department of Bioengineering, Rice University, Houston, USA
“Translationalm ideas in molecularly targeted anticancer therapy”

03-04-09 Charles Chapus 
Dept. of Organismic & Evolutionary Biology, Museum of Compa-
rative Zoology, Harvard University, Cambridge, USA
“Genome Evolution in Reptilia: In silico mapping to the chicken 
genome of 12,000 BAC-end sequences from two reptiles and 
a basal bird”

02-04-09 Marc. A Martí-Renom 
Head of the Structural Genomics Unit, Bioinformatics & Genomics 
Department, Prince Felipe Research Center, Valencia, Spain
“Towards a third dimension in cell regulation: ligands, RNA and 
genomes”

02-04-09 Josep Abril 
Department of Genetics, UB, Barcelona, Spain
“Planarian Proteomics: A Glimpse on Neoblasts Machinery”

19-03-09 Tom Gingeras
Head of Functional Genomics, Cold Spring Harbor Laboratory, 
NY, USA 
“New Classes of Functional Short RNAs and Chromosome-
wide Transcriptional Networks”

06-03-09 Elia Stupka
Program Manager, CBM-Cluster in Molecular Biomedicine, Tries-
te, Italy
“How much (or little!) do we understand about genomes?”

12-02-08 Thomas Lingner
Department of Bioinformatics, Institute for Microbiology and Gene-
tics, Georg-August-University of Göttingen, Germany
“Alignment-free analysis of protein sequences with machine lear-
ning techniques”

GENE REGULATION PROGRAMME

17-12-09 Hidehito Kuroyanagi
Laboratory of Gene Expression, Graduate School of Biomedical 
Science, Tokyo Medical and Dental University, Japan
“Tissue-specific alternative splicing regulation in C. Elegans”

13-11-09 Laurence Wurth 
Institut de Biologie Moléculaire et Cellulaire Centre National de la 
Recherche Scientifique, Strasbourg, France 
“A common  assembly pathway for selenoprotein mRNPs and 
small non coding RNPs”

25-07-09 Reinhard Lührmann 
Max Planck Institute for Biophysical Chemistry, Göttingen, Ger-
many 
“Structure and function of the spliceosome”

23-07-09 Karla Neugebauer 
MPI of Molecular Cell Biology and Genetics, Dresden, Germany
“Co-transcriptional spliceosome assembly and mRNP forma-
tion in vivo”

22-07-09 Michael Sattler 
TU München and Helmholtz Zentrum, München, Germany
“Structural biology and NMR as a tool for studying protein-RNA 
interactions”

21-07-09 Bertrand Seraphin 
CGM-CNRS, Gif-sur-Yvette, France
“Purification and characterization of RNA-protein and protein-
protein splicing factors”

20-07-09 Eric Westhof 
IBMC/CNRS, Strasbourg, France
“The elementary modules of RNA architecture and their partici-
pation in some RNPs”

20-07-09 Jernej Ule 
MRC Laboratory of Molecular Biology, Cambridge, UK
“Mapping RNA-protein interactions with roles in pre-mRNA splicing”

19-05-09 Bassem Hassan 
Laboratory of Neurogenetics, Flanders Interuniversity Institute of Biotech-
nology (VIB), University of Leuven (KUL) School of Medicine, Belgium
“Proneural Genes: Master Switches in Development and Cancer”

14-05-09 Mikel Zaratiegui 
Plant Genetic Research, Cold Spring Harbor Laboratory, New 
York, USA
“The cell cycle and DNA damage signalling pathways regulate 
heterochromatin via RNAinterference”

03-03-09 Brendan Frey 
University of Toronto, Canada
“The Code Underlying Tissue-Regulated Splicing”

09-02-09 John Castle
Group Leader at Rosetta Inpharmatics, LLC, Merck & Co., Inc., 
Seattle, USA 
“Application of deep sequencing for RNA expression and DNA 
variation”

04-02-09 Xiang-Dong Fu 
Principal Investigator, Dept. of Cellular & Molecular Medicine, Uni-
versity of California San Diego (UCSD), USA 
“Molecular mechanism of chromosome translocation in cancer”
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CELL & DEVELOPMENTAL BIOLOGY PROGRAMME

05-11-09 Louis Gervais 
Principal Investigator, Professor (IBMB-CSIC), IRB, Barcelona, 
Spain
“In vivo cell elongation and lumen formation in a single cell”

05-11-09 Marco Milán 
Development and Growth Control Laboratory, IRB, Barcelona, 
Spain
“Micro-RNAs and growth control”

09-09-09 Matteo Rauzi 
Institut de Biologie du Développement de Marseille-Luminy, 
France
“Mapping Subcellular Tensile Forces Controlling Morphogenesis”

07-09-09 Ira Mellman  
Vice president of Genentech, Inc in San Francisco, California, 
USA
“The Structural basis of EGF receptor signaling in living cells: 
drug discovery meets cell biology”

13-07-09 Pedro Carvalho 
Postdoctoral Fellow, Department of Cell Biology, Harvard Medical 
School, Boston, USA
“Molecular mechanisms of ER-associated protein degradation”

03-06-09 Satyajit Mayor
National Center for Biological Sciences, Bangalore, India
“Active organization of membrane components in living cells: 
implications for the formation of membrane  rafts”

22-05-09 Mike Rossner
Editor of Rockefeller University Press, USA
“What’s in a picture? The temptation of image manipulation”

20-04-09 Ruth Kroschewski 
ETH Zurich, Institute of Biochemistry, Zurich, Switzerland
“In vitro organogenesis: Mechanisms of multicellular self-orga-
nization”

19-02-09 Alexandre Vendrell 
 UPF, Barcelona, Spain
“SCF/CDC4 regulates Msn2 and Msn4 gene expression to 
counteract Hog1 induced lethality”

09-02-09 Suzanne Pfeffer 
Stanford University School of Medicine, Stanford, California, USA
“Regulation of Receptor trafficking by small GTPases”

26-01-09 Verónica Becher 
Facultad de Ciencias Exactas y Naturales, Universidad de Buenos 
Aires, Argentina
“What do different chromosomes have in common? (An ex-
haustive but efficient computation)”

DIFFERENTIATION & CANCER PROGRAMME

01-12-09 Travis Stracker 
IP Laboratorio de Inestabilidad Genómica y Cáncer, Institute for 
Research in Biomedicine (IRB), Barcelona, Spain
“The DNA damage response: preserving chromosome integrity 
and preventing tumorigenesis”

30-09-09  Pia Cosma 
TIGEM Associate Investigator Naples, Italy 
“Is cell signalling a key controlling mechanism for somatic cell 
reprogramming?”

20-07-09 Nadia Rosenthal 
Group Leader and Senior Scientist, EMBL Monterotondo, Italy
“Enhancing mammalian regeneration”

13-07-09 Marta Flandez 
Montefiore Medical Center, Department of Oncology, Bronx, New 
York, USA 
“Wnt, KLF4 and Notch in intestinal homeostasis and the deve-
lopment of intestinal tumors”

29-06-09 Bogi Andersen 
UC Irvine, California, USA 
“Clock genes ad the hair growth cycle”

16-06-09 Urs Albrecht 
Dept. of Medicine, Div. of Biochemistry. University of Fribourg, 
Switzerland
“Clocks, Brain Function and Dysfunction”

20-05-09 Hanane Boukarabila 
Centre d’Immunologie de Marseille-Luminy (CIML), Université de la Médi-
terranée, Campus de Luminy, Marseille, France
“The  PRC1 Polycomb Group complex interacts with PLZF/RARA to 
mediate leukaemic transformation”

19-05-09 Alea Mills 
Cold Spring Harbor Laboratory,  New York, USA
“From chromosome engineering to chromatin remodeler: CHD5 is a 
tumor suppressor mapping to human 1p36”

31-03-09 Joan Seoane 
ICREA Research Professor, Vall d’Hebron Institute of Oncology, 
Barcelona, Spain
“TGF-beta in cancer”

02-03-09 Chris van Oevelen 
New York University School of Medicine, New York University 
Cancer Institute, New York, USA
“Distinct Sin3 complexes play key roles during myogenesis”

24-02-09 Timm Schroeder 
Institute of Stem Cell Research, Helmholtz Center Munche, Neu-
herberg / Munich, Germany
“New insights into blood cell development through live imaging”

09-02-09 Alberto Martín
Department of Immunology, University of Toronto, Medical Scien-
ces Building, Toronto, Canada 
“Genetic study of Cdk2 function and regulation. Involvement of 
Cdk2 in tumorigenesis”

02-02-09 Regina Mayor 
Institut de Medicina Predictiva i Personalitzada del Càncer (IM-
PPC), Badalona, Catalonia, Spain 
“New insights in colorectal cancer therapy illustrated by long 
range epigenetic silencing”



26-01-09 Eric Kallin 
Howard Hughes Medical Institute, University of North Carolina at 
Chapel Hill, USA / Dept. of Biochemistry and Biophysics, Lineber-
ger Comprehensive Cancer Center, University of North Carolina at 
Chapel Hill, USA
“Polycomb and associated proteins: A role for Jhdm1b and 
Bmi1 in gene silencing?”

09-01-09 Meritxell Alberich Jorda 
Hematology Oncology, Beth Israel Deaconess Medical Center 
(BIDMC), Boston, USA
“C/EBPgamma in hematopoiesis and leukemia”

CORE FACILITIES

05-10-09 Mikael Kubista/ Martina Reiter 
TATAA Biocenter 
“qPCR advanced course”

16-09-09 Marta Amat 
Izasa
“EpiTec® and PyroMark”

03-07-09 Diana Hops 
Advalytix
“One single cell PCR AmpliGrid system”

16-01-09 Julien Colombelli 
Advanced Digital Microscopy, Institute for Research in Biomedicine 
(IRB Barcelona), Barcelona, Spain
“Laser Nanosurgery reveals morphogenetic forces and mecha-
nosensing mechanisms”

SHARED

27-11-09 Christine Voguel 
Institute for Cellular and Molecular Biology, University of Texas at 
Austin, Texas, USA
“Proteome dynamics - system-wide studies of translation regu-
lation and protein turnover”

26-11-09 Gian Gaetano Tartaglia 
Department of Chemistry, University of Cambridge, Cambridge, UK
“Towards quantitative predictions in cell biology”

26-11-09 Marc Marti 
Bioinformatics & Genomics Department, Centro de Investigación 
Príncipe Felipe, Valencia, Spain
“Towards a third dimension in gene regulation”

26-11-09 Stephan Ossowski 
Max Planck Institute for Developmental Biology, Tübingen, Germany
“SHORE and GenomeMapper: Analysis Tools for the Arabidop-
sis thaliana 1001 Genomes Project”

26-11-09 Sven Bermann 
Department de Génétique Médicale, Swiss Institute of Bioinfor-
matics, Lausanne, Switzerland
“Computational analysis of biological systems - from develop-
mental patterning to genome-wide association studies”

25-11-09 Albert Tenesa 
Colorectal Cancer Genetics Group, School of Molecular and Clini-
cal Medicine, University of Edinburgh, Edinburgh, UK
“Genetics of colorectal cancer”

25-11-09 Frank Johannes 
Groningen Bioinformatics Centre (GBiC), University of Groningen, 
Groningen, The Netherlands
“Dissecting the epigenetic architecture of complex traits”

25-11-09 Marc Rehmsmeier 
Gregor Mendel Institute of Molecular Plant Biology, Vienna, Aus-
tria 
“Computational Biology of RNA and DNA cis-regulatory ele-
ments”

25-11-09 Mónica Campillos 
Dr. Peer Laboratory, EMBL, Heidelberg, Germany
“From human phenotypes to drug targets”

25-07-09 Gustavo Stolovitzky 
IBM Computational Biology Center, Yorktown Heights, New York, 
USA
“Modeling and simulation of small and large scale biological 
networks”

16-02-09 Kirill Degtyarenko 
EMBL-EBI and European Patent Office
“The fine art of chemical drawing and good annotation practice 
for chemical data”
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Appendix 3

GRANTS 

Competitive funding, contracts and sponsorship obtained from 1st January to 31st December 2009 by the CRG.

ORGANISM AMOUNT (€)

MINISTERIO DE CIENCIA E INNOVACION 7.248.987 €

EUROPEAN COMMISSION 5.592.950 €

GENERALITAT DE CATALUNYA- FEDER 4.102.389 €

AGENCIA GESTIO D'AJUTS UNIVERSITARIS 959.818 €

FUND.CLINIC PER LA RECERCA BIOMEDICA 386.100 €

SWISS NATIONAL SCIENCE FOUNDATION 290.406 €

FUNDAÇAO PARAR A CIÊNCIA E A TECNOLOGIA 240.720 €

ASSOCIATION FOR INTERNATIONAL CANCER RESEARCH 204.288 €

CENTRE D'INNOVACIÓ I DESENVOLUPAMENT EMPRESARIAL 170.414 €

FUNDACION DESARROLLO INVESTIGACION GENOMICA Y PROTEOMICA 155.624 €

EUROPEAN MOLECUOLAR BIOLOGY ORGANISATION 121.514 €

CANADIAN INSTITUTES OF HEALTH RESEARCH 93.870 €

FONDATION JEROME LEJEUNE 80.000 €

HUMAN FRONTIER SCIENCE PROGRAM 63.600 €

EUROPEAN SCIENCE FOUNDATION 47.000 €

FUNDACIÓN ESPAÑOLA PARA LA CIENCIA Y TECNOLOGIA 30.000 €

FUNDACION CIEN 25.000 €

OTHER 201.913 € 

TOTAL 20.014.592 €
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Appendix 4

FINANCE & PERSONNEL EVOLUTION AT THE CRG
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CRG 
Researchers

Group and 
Unit Leaders

Postdocs and 
Staff Scientist

PhD 
Students

Technicians
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