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esearch conducted by the Plant Molecular Genetics Department aims
to uncover the signaling pathways
underlying plant’s ability to adapt to

a variable environment and defensive responses
against pathogenic diseases. Studies carried out by
the different groups cover important aspects of Plant
Biology such as stem cell function, root architecture,
shoot branching, responses to day length duration
and light quality, innate-immunity and defense re-
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Genetic and Molecular Bases of the Naturally-Occurring
Variation of Plant Development

sponses to pathogens, as well as adaptive responses
to nutrient shortage or heavy metals, since all these
processes are known to be important determinants

Carmen Castresana

Plant Immunity Strategies Against Microbial Pathogen Infection

of biomass production and crop harvest yields.
Biochemical, cell biology, genetic and genomic ap-

dition to the analysis of natural variation in these
important responses or the role of targeted protein
destabilization in their activation.
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proaches are used to tackle the regulatory pathways
underlying these developmental processes, in ad-
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The main objective of our research is to understand the genetic and molecular mechanisms involved in plant adaptation.

W

e are dissecting the genetic variation in
the model annual plant Arabidopsis thaliana in nature. Similar to many other plant
species, individuals and populations of

A. thaliana living in different geographical regions differ in
many developmental traits that are presumed to reflect adaptations to different environments. To exploit this genetic
variation for understanding plant adaptation, our group is
currently focused on two specific objectives.
On the one hand, we are carrying out genetic analysis of
the naturally-occurring variation for a key quantitative developmental trait such as the timing of flowering. We have
developed several populations of recombinant inbred lines
(RIL) and introgression lines (IL). We have analysed the relationship between the genetic basis of flowering initiation
and the rate of vegetative growth in a new RIL population of
222 lines derived from the cross LerxFei-0 (Figure 1). This
population has been used for QTL (quantitative trait locus)

Geographic and climatic distribution of FRI truncations in the Iberian
Peninsula. FRI functional alleles are shown as black dots, while FRI
loss-of-function (truncation) alleles are shown in other different colors.
The climatic map of the Iberian Peninsula corresponds to maximum
July temperature.

mapping analysis, which indicated 10 genomic regions that
show two distinct patterns of pleiotropic effects on both
traits (Méndez-Vigo et al., 2010).
On the other hand, we have developed a collection of wild
genotypes of A. thaliana from the Iberian peninsula, which
serve as a permanent experimental population on which to
carry out genetic and environmental association analyses. As
a first step in exploiting this population, we characterized 182
Iberian genotypes for their flowering response to vernalisation and have sequenced several flowering genes. We found
new wild allelic series of some flowering genes by association
mapping. In addition, analysis of the geographic and climatic
distribution of gene polymorphisms is enabling us to identify
alleles that might be involved in climatic adaptation.
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Rate of vegetative
growth of Ler, Fei-0
and their reciprocal
hybrids.
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Plant Immunity Strategies
Against Microbial Pathogen
Infection
An ubiquitous response of plants to pathogen
attack is the generation of active lipid derivatives, collectively known as oxylipins, whose
importance as regulators of plant defence is
being established.
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Bannenberg G, Martínez M, Rodríguez MJ, López MA, Ponce de
León I, Hamberg M, Castresana C (2009) Functional analysis of
α-DOX2, an active α-dioxygenase critical for normal development in
tomato plants. Plant Physiol 151:1421-1432.
Vellosillo T, Vicente J, Kulasekaran S, Castresana C (2010) Emerging
complexity in reactive oxygen species production and signaling during the response of plants to pathogens. Plant Physiol
154:444-448.

peroxidation-inducer singlet oxygen.
Thus, the massive transcriptional
changes seen in wild type plants
in response to singlet oxygen were
greatly affected in the mutants examined. Accordingly, lox1 lox5 and noxy22

C

displayed enhanced susceptibility to singlet
oxygen (Figure 1). Further studies revealed the

uch compounds can be formed by enzymatic per-

participation the 9-LOX and ET in the defence of plants

oxidation of fatty acids, catalysed by the activities

against Pseudomonas infection. Results showing enhanced

of 9- and 13-lipoxygenases and α-dioxygenases,

susceptibility of lox1 lox5 and noxy22 to Pseudomonas attack and altered ROS homeostasis supported the

or non-enzymatically in the presence of singlet oxy-

role of the 9-LOX oxylipin pathway in controlling oxidative stress during plant defence against biotrophic

gen and free radicals. The importance of the oxylipin pathway

bacteria, and the negative role of ET in the defence response against this type of pathogens.

initiated by 13-lipoxygenases (13-LOX) and its main product,
jasmonic acid (JA), in plant fertility and in controlling resist-

Given the participation of the 9-LOX oxylipin pathway in plant defence and in controlling

Technician

ance to necrotrophic pathogens has been demonstrated.

the response to singlet oxygen (1O2), we are investigating the role of this reactive mol-

Tomas Cascón

In addition, increasing experimental evidence indicates the

ecule and of the 1O2-formed oxylipins in the immune strategies of plants against

participation of oxylipins produced by the 9-LOX and α-DOX

microbial infection. Singlet oxygen is produced as part of an oxidative burst

pathways, as well as of non-enzymatically generated oxyli-

that takes place after pathogen attack, in which oxygen is converted in

pins in plant defence. Nevertheless, with the exception of JA,

distinct reactive oxygen species (ROS), such as the superoxide anion

the signalling mechanisms by which distinct oxylipins exert

radical (O2-), the hydrogen peroxide (H2O2) and hydroxyl radical

their function remain poorly understood.

(OH*). Polyunsaturated fatty acids are a preferred target of 1O2 attack, and several of its oxidation products (non-enzymatically

Analyses of phenotypic
alterations in wild type, lox1
lox5, and noxy22 plants grown
in the presence of Rose
Bengal, used as generator of
singlet oxygen. A. Phenotype of
seedlings grown during 15 days
in MS medium (left) or in MS
RB-containing medium (5 μM)
(right). B. Phenotypic alterations
were scored in a three-point
scale, designated as I, II and III,
according to the severity of the
symptoms. Bar graph indicates
the percentage of seedlings
showing the phenotypes observed after 15 days of growth in
RB-containing medium. Sample
means and standard errors from
three independent experiments
are shown.
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We aim to define the role of oxylipins in protecting plants

generated oxylipins) could act as secondary messengers

against pathogen infection and to dissect the signalling path-

to trigger defence responses. In support of this idea,

ways mediating their actions. During this period we undertook

we found that production of O2 (triggered by Rose

a genetic approach to investigate the signalling processes

Bengal) and application of 1O2-formed hydroxy

regulated by 9-HOT, a 9-LOX-derivative that induces pro-

acids (12-HOT, 10-HOT, 10-HOD) induce a

duction of callose deposits, initiation of oxidative stress and

strong accumulation of callose, a marker

transcriptional changes of defence-related genes. A lox1 lox5

the plant response to pathogen attack,

mutant, which is deficient in 9-LOX activity, and the mutant

in leaves and roots of Arabidopsis

noxy22 (non-responding to oxylipins22), which is insensitive

(Figure 2). Moreover, we found that

to 9-HOT, were used for this purpose. Map-based cloning

application of 12-HOT provoked a

positioned the noxy22 mutation at the ETO1 (ETHYLENE-

strong transcriptional response

OVERPRODUCER1) locus with constitutive ethylene (ET)

in which ~50% of genes are

production. As predicted from these results, we found that

defence-related. Further

ET acts as a negative regulator of the 9-HOT signalling and,

studies are underway to

reciprocally, that 9-HOT interferes with the activation of the

define the role of sin-

ethylene (ET) pathway.

B

1

glet oxygen and of
O2-formed oxy-

1

We found that the 9-HOT and ET pathways play a critical role

lipins in plant

in controlling oxidative stress and the response to the lipid

defence.

Production of ROS
in plant defense. A.
Generation of distinct
of
ROS during oxidative burst.
B. Tight regulation of ROS
production at different cellular
compartments and cell types is
critical for plant survival. C. Callose
accumulation after production of
singlet oxygen (1O2), superoxide anion
radical (O2‑), hydrogen peroxide (H2O2) and
specific 1O2-derived hydroxy fatty acids: 12HOD (12-hydroxy-octadecadienoic acid, 25
μM), 10-HOD (10-hydroxy-octadecadienoic acid,
25 μM) and 10- HOT (10-hydroxy-octadecatrienoic
acid, 25 μM). Aniline blue staining in Arabidopsis
thaliana leaves of 4-week-old plants (square-shaped
panels) and in roots of in vitro grown seedlings
(rectangular panels). Scale bars = 50 μm.
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We are studying the genetic basis of the
control of axillary bud development in the
model system Arabidopsis, and in the crop
species tomato and potato in which control
of lateral shoot branching is of great agronomical interest.

architecture and yield. Our work
shows that in tomato and potato,
species with branching patterns divergent from those of Arabidopsis, two BRC1-like

pATENT
Martín Trillo M, Rodríguez Buey ML, Cubas P. Genes reguladores
de la ramificación de plantas, promotores, construcciones
genéticas que los contienen y usos. Solicitada (13/01/09)
número solicitud. 200900088.

W

e have characterised the Arabidopsis
BRANCHED1 (BRC1) gene, which acts
as a central switch of axillary bud development and outgrowth. We are now

Postdoctoral scientists

Michael Nicolas
Florian Chevalier
Predoctoral scientist

Eduardo González

expanding our knowledge of the genetic networks involving
BRC1 in Arabidopsis. First, we identified and characterised
two types of motifs conserved in the BRC1-like promoters,
which act as transcriptional silencers of BRC1. One of these
Scanning Electron Microscopy image of a
young tomato axillary bud.

elements confers qualitative (spatial) regulatory information
essential for driving BRC1 expression in axillary buds; the

Technician

others act as silencers, necessary to maintain low BRC1

Isabel Domínguez

expression levels. We have identified two transcription factors that could bind to one of these elements and might be
involved in the negative transcriptional regulation of BRC1.

Left: Arabidopsis transgenic plants carrying the promoter of BRC1 fused to bglucuronidase (GUS) display GUS activity in axillary buds. Right: similar plants carrying
a mutated BRC1 promoter display ectopic GUS activity.

Second, we have begun to understand the protein-protein
interactions involving BRC1 and have isolated two factors
that could modulate BRC1 activity. In addition, we identified
the BRC1 protein domains mediating those interactions.
Third, we compared the transcriptomic profiles of wild type
and brc1 axillary buds and identified genes that could be
controlled directly by BRC1. We are systematically analysing the genetic control of branch suppression in response
to shade in Arabidopsis and testing the working hypothesis
that during the SAS, BRC1 is upregulated in response to
reduction in the R:FR ratio and its activity is responsible for

axillary buds. Reverse genetic analyses confirmed that
tomato SlBRC1b plays a role in the promotion of
axillary bud arrest. In contrast, SlBRC1a, which
encodes a divergent protein with a novel C-t
domain, has a still unclear role in this process. Evolution rate studies indicate that
whereas BRC1b has evolved under
a strong purifying selection in the

the branch suppression response.

clade comprising S. Lycopersi-

Solanaceae is a family that includes a large number of spe-

tomato species and potato,

cies in which the control of branch outgrowth is of great
agronomical interest, and for which understanding the
function of some of the key players will help optimise plant

108

paralogues, BRC1a and BRC1b, are coexpressed in

cum, other closely related wild
BRC1a has evolved at a
faster rate under positive selection.
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Valli A, López-Moya JJ, García JA (2009) RNA silencing and its suppressors
in the plant-virus interplay. Encyclopedia of Life Sciences (ELS). J
Wiley & Sons Ltd, Chichester, UK.

Plant-Pathogen Interaction
in Viral Infections
Plant viruses depend largely on host factors to replicate in the cell and to propagate
throughout the plant and between individual
plants.

Decroocq V, Salvador B, Sicard O, Glasa M, Cosson P, Svanella-Dumas
L, Revers F, García JA, Candresse T (2009) The determinant of potyvirus
ability to overcome the RTM resistance of Arabidopsis thaliana maps to
the N-terminal region of the coat protein. Mol Plant-Microbe Interact
22:1302-1311.

tribute to defining the specific
host range of the virus. We also
showed that single amino acid changes
at the N-terminal region of the capsid protein
(CP) control specific PPV adaptation to Prunus per-

Ying XB, Dong L, Zhu H, Duan CG, Du QS, Lv DQ, Fang YY, García JA, Fang
RX, Guo HS (2010) RNA-dependent RNA polymerase 1 from Nicotiana
tabacum suppresses RNA silencing and enhances viral infection in Nicotiana
benthamiana. Plant Cell 12:1358-1372.
Calvo M, Dujovny G, Lucini C, Ortuño J, Alamillo JM, Simón-Mateo C,
López-Moya JJ, García JA (2010) Constraints to virus infection in Nicotiana
benthamiana plants transformed with a potyvirus amplicon. BMC Plant
Biol 10:e139.

sica and Nicotiana species. Our findings suggest that species-specific interactions of the CP N-terminal region with
host factors have an important role in viral long distance
movement, and that an unknown resistance mechanism

Postdoctoral scientists

interferes with these interactions in Nicotiana species. We

Alberto Carbonell
Varvara Maliogka
Bernardo Rodamilans
Adrian Valli
Mingmin Zhao

showed that the N-terminal region of PPV CP is O-GlcNAcylated and phosphorylated. An O-GlcNAcylation-deficient
PPV mutant infects Nicotiana clevelandii and P. persica with
no apparent differences compared to wild type PPV. In contrast, PPV accumulation is significantly lower in Arabidopsis

Predoctoral scientists

María Calvo
Frida Mesel
Lucio D’Andrea
Beatriz García
Abraham Loera
Jon Ochoa
Fabio Pasin
José de Jesús Pérez
PhD Student

David San León
Technician

Elvira Domínguez

thaliana Col-0 plants infected with the mutant virus, concurring with a fine-tuning effect of CP O-GlcNAcylation on
PPV infection that facilitates its adaptation to different hosts
and environmental conditions. We are interested in applying
Infection of wild type PPV (P1HC) or chimeric PPV viruses in which
P1HCpro has been replaced by CVYV P1b alone (P1b) or preceded by
PPV P1 (P1P1b) or CVYV P1a (P1aP1b). All viruses are tagged with GFP. A
western blot of the infected tissues is shown at the left.

P

the information obtained in our research to design control
strategies for sharka disease. We thus used RACE assays
of viral RNA fragment accumulation in infected plants as
well as deep sequencing of viral siRNA to design 20 PPVspecific amiRNA constructs. Cleavage activity on sensors

lants in turn have developed antiviral defence

and a high level of antiviral protection in agroinfiltration sys-

mechanisms that must be counteracted by viral

tems was shown for some of the amiRNA, which will be

factors. These factors appear to be preferred

transferred to other PPV plant hosts. Finally, another

targets for alternative plant defences. In our

target of interest is development of PPV-based

laboratory, we try to understand this complex interplay,

plant expression vectors. To broaden the range

mainly in the infection of the potyvirus Plum pox virus (PPV),

of plants susceptible to PPV-based vectors,

the causal agent of sharka, a damaging disease of Prunus

we developed an infectious cDNA clone

trees. We are especially interested in defence responses

of a PPV isolate of strain C, the only

related to RNA silencing and its viral suppressors.

one infecting cherry trees in nature.
Biological features of this cloned

HCPro is the typical silencing suppressor of potyviruses,

isolate are being analysed.

but other silencing suppressors of Potyviridae family members have recently been discovered. We demonstrated that
serine proteinase P1b of the ipomovirus Cucumber vein
yellowing virus (CVYV) suppresses silencing by sequestering siRNA, and can replace HCPro functionally in PPV infection in a host-specific manner. Our results demonstrate that
although potyviruses can exploit different sources of antisilencing activity, their own silencing suppressors can con-
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Infection of the O-GlcNacylationdeficient mutant CP7-T/A in
Nicotiana benthamiana and Prunus
persica. The mutant and the wild
type PPV are tagged with GFP.
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Bustos R, Castrillo G, Linhares F, Puga MI, Rubio V, Pérez-Pérez
J, Solano R, Leyva A, Paz-Ares J (2010) A central regulatory
system largely controls transcriptional activation and repression
responses to phosphate starvation in Arabidopsis. PLoS Genet
6:pii e1001102.

LEAD investigator

Antonio Leyva
We are developing two research lines in the
laboratory.

Postdoctoral scientists

Gabriel Castrillo
Sanna Olsson
Eduardo Sanchez-Bermejo

O

ur first aim is to study the molecular mechanisms underlying arsenic perception and the
second, to study the mechanisms involved in
root architecture. For the latter, we performed

a mutant screening in Arabidopsis to identify mutants altered in the spatial distribution of roots. From this screening,
we identified several mutants altered in root architecture,

Predoctoral scientist

Mohan TC
Technician

Yolanda Leo del Puerto

including actin2-4, a new mutant allele of the ACTIN2 gene.
This mutant shows an increase in actin dynamics, leading
to the enhancement of tropic responses and auxin transcriptional responsiveness, mimicking the auxin/brassinosteroid synergistic response. In the first research line,
mechanisms underlying arsenic perception, we made
two key observations. Using a transgenic plant that
expresses the Pi transporter promoter fused to the
luciferase gene, we identified a set of genes inducible by Pi starvation that are repressed by As(V) with
extraordinary speed (30 min), whereas repression
by Pi takes 36 hours. The use of the transgenic line
PHT1;1:LUC opens the possibility to identify mutants altered in the kinetics of repression by As(V),
being a new approach for the characterization of
the signalling pathway of As(V) and its possible
cross-talk with that of Pi. Moreover, in the context
of this project we have performed an analysis of
the natural variability of tolerance to As(V) in a large
collection of Arabidopsis ecotypes. In this analysis
we identify a QTL that we are currently cloning.
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Jarillo, J.A., Piñeiro, M., Cubas, P. and J.M. Martinez-Zapater, J.M. 2009.
Chromatin remodeling in plant development . Int. J. Dev. Bio. L53: 15811596.

Grapevine
Reproductive Biology

Zinelabidine, L.H., Haddioui, A., Bravo, G., Arroyo-García, R., and J.M. Martínez
Zapater. 2010. Different genetic origins of cultivated and wild grapevines from
Morocco. Amer. J. Enol. Vitic. 61: 83-90.
Martínez-Zapater, J.M., Carmona, M.J. Díaz-Riquelme, J., Fernández, L., and
D. Lijavetzky. 2010. Grapevine Genetics after the Genome Sequence: Challenges and Limitations. Australian J. Grape Wine Res. 16: 33-46.

LEAD investigator

José Miguel
Martínez-Zapater

Starting in March 2009 most of our group
moved to the recently created Instituto de
Ciencias de la Vid y del Vino (Grapevine
and Wine Research Institute) in Logroño.

in cultivar Cariñena has
allowed the identifica-

Fernández, L., Torregrosa, L., Segura, V., Bouquet, A., Martínez Zapater, J.M.
2010. Transposon induced gene activation as a mechanism generating cluster
shape somatic variation in grapevine. The Plant Journal 61:545-557.

tion of a putatively active
transposable element of the
Hatvine1 family as responsible
for over-expression of the VvTFL1A in
a natural activation tagging event. (Figure 1)
Over-expression of VvTFL1A seems to be directly related
to the RRM phenotype.
In addition we are involved in the genomic analyses of reproductive development in grapevine, performing

Postdoctoral scientists

both a manual annotation of gene families regulating the process as well as its transcriptional analyses.

Diego Lijavetzky
Pablo Carbonell
Lucie Fernández
Jerôme Grimplet

Annotation of the MIKCC-type MADS box gene family in grapevine has shown the existence of at least
38 genes clustered in 13 subfamilies. Expression profiles of MIKCC-type genes in vegetative and
reproductive organs as well as during flower, tendril and fruit development show conserved
expression domains for specific subfamilies but also reflect characteristic fea-

Predoctoral scientists

José Díaz Riquelme
Nieves Diestro Sánchez
Hasna Zinelabidine
Technicians

Gema Bravo Sanz
Virginia Rodríguez
Silvia Hernáiz
Visitor

Maria José Carmona

tures of grapevine development. Expression analyses in latent buds and
during flower development reveal common features previously
VvTFL1A alleles in cultivar Cariñena and RRM somatic variant. A. Wild
type alleles. B. Mutant allele with transposon insertion. C. Revertant allele
showing the target site duplication.

described in other plant systems as well as possible new

T

ing transition (Figure 2). The analysis of MIKCC-

roles for members of some subfamilies during flowertype genes in grapevine helps understanding

his Institute derives from a joint agreement be-

the origin of gene diversification within

tween the Agencia Estatal CSIC, the University

each subfamily providing the basis

of La Rioja and the Government of La Rioja.

for functional analyses of these

However, part of the research group is still main-

MADS box genes in grapevine

tained at the CNB till the running projects reach to their end.

development.

Our research interests focus on the understanding of the
genetic and molecular mechanisms regulating reproductive
development in grapevine and their contribution to final production and quality of grapes and wines. In the last two years
our research activity has been centred on the characterization of grapevine natural genetic variation for reproductive
traits and its use to identify some of the underlying loci and
genes. With this purpose we are generating core collections
of grapevine cultivars, collections of somatic variants and
F1 hybrid progenies derived from crosses between different
cultivars. The genetic analyses of these materials have allowed us the identification of QTLs for relevant reproductive

Cluster analysis of gene expression profiles of
grapevine MIKCC genes in vegetative and reproductive
organs. Expression analyses were performed by
qRT-PCR, and relative gene expression data were
gene-wise normalized. Color scales, representing
signal values, are shown at bottom.

traits such fertility, cluster structure, berry shape and size or
seedlessness. In addition, the molecular analyses of somatic
variants such as Reiterated Reproductive Meristems (RRM)
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Control of Plant Responses
to Phosphate Starvation

I

tion. The induction of Pi starvation responses requires

Gabriel Castrillo
Isabel Mateo
Ximena Cardona
Mónica Rojas
Laura Cuyàs
Charukesi Rajulu
Technician

Erica Gil

Todesco M, Rubio-Somoza I, Paz-Ares J, Weigel D (2010) A collection of target
mimics for comprehensive analysis of microRNA function in Arabidopsis thaliana.
PLoS Genet 6:e1001031.

abundance of nuclear proteins that depend on Pi

recycling, and protect against the stress of Pi starva-

Predoctoral scientists

Thibaud MC, Arrigi JF, Bayle V, Chiarenza S, Creff A, Bustos R, Paz-Ares J, Poirier
Y, Nussaume L (2010) Dissection of local and systemic transcriptional responses
to phosphate starvation in Arabidopsis. Plant J 64:775-789.

biological relevance of these

developmental changes that improve Pi acquisition and

Regla Bustos
María Isabel Puga
María Luisa Irigoyen
Laura de Lorenzo
Marina Trigueros

Rubio V, Deng XW (2009) The dark side of clock-controlled flowering. F1000 Biol
Reports 1:57.

Plant responses to phosphate (Pi) starvation
represent an emblematic system for studies
on regulation of gene activity.
n plants, these responses involve both biochemical and

Postdoctoral scientists

Rubio V, Bustos R, Irigoyen ML, Cardona-López X, Rojas-Triana M, Paz-Ares J
(2009) Plant hormones and nutrient signaling. Plant Mol Biol 69:361-373.

a sophisticated regulatory system that integrates information
on external and internal plant Pi concentration, and on other
nutrient content. Our aim is to contribute to the dissection
of this regulatory system, which operates mainly at the tran-

interactions is currently being

Bustos R, Castrillo G, Linhares F, Puga MI, Rubio V, Pérez-Pérez J, Solano R,
Leyva A, Paz-Ares J (2010) A central regulatory system largely controls
transcriptional activation and repression responses to phosphate
starvation in Arabidopsis. PLoS Genet 6:e1001102.

addressed. As a complementary
approach, we are analyzing variation in the
supply and Ub-proteasome activity. We have focused
on the nuclear proteome, since nuclear proteins probably
have regulatory activities. Using 2-D fluorescence difference
gel electrophoresis (DiGE) techniques (available at the CNB
Proteomics Facility), we have identified four proteins
with a potential regulatory role in Pi

A)

signalling whose characterization
is ongoing (Fig. 2).

scriptional level but also involves post-transcriptional control.
Regarding transcriptional control, we have further demonstrated the key role of the transcription factor phosphate starvation response regulator1 (PHR1) and its binding site (P1BS)
as a master trans-cis integrator module in the control of Pi
stress responses. We also initiated large-scale phylogenomic
footprinting to identify all cis-motifs involved in Pi starvation

B)
1. Plant culture & treatments

2. Nuclei enrichment

responsiveness. To identify regulatory mechanisms that act
on PHR1, we carried out a screening for phr1 suppressors,
leading to the isolation of three mutants that partially suppress
phr1 mutant phenotypes. Cloning of one of the corresponding mutant genes revealed it corresponds to ALIX, a gene
conserved from yeast to mammals. ALIX regulates ubiquitination and subsequent endocytosis of plasma membrane

3. Protein extraction

4. DIGE

5. Protein analysis &
identification

receptors, essential for signal propagation from these receptors (Fig. 1). Our hypothesis is that ALIX regulates Pi status

+Pi

-Pi

-Pi
+ MG132

signalling by direct interaction with a yet unknown Pi sensor.
Concerning post-transcriptional control, we started a
program to study the biochemical and physiological functions
of the ubiquitin (Ub) regulatory pathway in the control of
plant responses to Pi starvation. We identified a small
subfamily of E3 Ub ligases (PCE1-4) that control Pi starvation
responses, as indicated by characterization of Arabidopsis
pce null mutants. PCE proteins are nuclear-localized and its
abundance is reduced by Pi addition, indicating a potential
role as repressors of Pi signalling. Using a yeast two-hybrid
approach, we identified a number of potential targets
of PCE1 activity, including known transcription factors
involved in control of plant growth and development. The
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Analysis of changes in the nuclear proteome of Arabidopsis in response to
variations in Pi supply. Study of the effect of ubiquitination and proteasomal
degradation. To identify potential substrates of the Ub-proteasome
pathway with a regulatory role in Pi signalling, we are analyzing variation
in the abundance of nuclear proteins that depend on Pi supply. We have
established both nucleus isolation and nuclear protein extraction protocols
for Arabidopsis plants grown in hydroponic media under different Pi conditions (steps 1-3). Nuclear proteome separation, visualisation and protein
abundance quantification are carried out by DiGE techniques (step 4). By
adding proteasome inhibitors (e.g., MG132) in the culture media at specific
time points?, we can determine the effect of ubiquitination and proteasomal
degradation in the abundance of Pi-responsive proteins. The nature of
each protein identified, using mass spectrometry techniques, provides hints
about their potential regulatory function in Pi signalling (step 5). Functional
characterization of the most interesting proteins will allow us to test their
involvement in Pi homeostasis.

Identification and characterization of suppressors of the
phr1 mutation. The fact that
phr1 mutants accumulate reduced levels of anthocyanins
in response to Pi starvation
compared to WT plants
(A) allowed us to carry out
mutant screening to identify
mutants that suppress the
effect of the phr1 mutation in
this response (B). Suppression of the phr1 phenotype
in the mutant lines identified
(sphr) also spanned
to the expression of Pi
starvation-responsive genes
(B). SPHR1, isolated using
positional cloning strategy,
is an orthologue of ALIX, a
gene conserved in eukaryotes that regulates trafficking
of ubiquitinated proteins
from plasma membrane
to lysosomes (vacuoles in
plants) through endosomes
and multivesicular bodies
(MVB). ALIX interacts with
members of the ESCRT
complexes, triggering
degradation of specific
plasma membrane proteins,
which helps to control their
abundance and function
(C). In accordance, sphr1
mutants display defects in
endocytic trafficking of high
affinity Pi transporters fused
to the green fluorescent
protein (GFP) compared to
wild-type (WT) plants (D).

C)

D)
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Hormonal Cross-Talk in
Light Signalling and Day
Length Control of Potato
Tuber Formation

Serra, O., Hohn, C., Franke, R., Prat, S., Molinas, M. and Figueras, M. (2010)
A feruloyl transferase involved in the biosynthesis of suberin and suberinassociated wax is required for maturation and sealing properties of potato
periderm. Plant J. 62: 277-290.
Baroja-Fernández, E., Muñoz, F.J., Montero, M., Etxeberria, E., Sesma, M.T.,
Ovecka, M., Bahaji, A., Ezquer, I., Li, J., Prat, S. and Pozueta-Romero, J.
(2009) Enhancing sucrose synthase activity in transgenic potato (Solanum
tuberosum L.) tubers results in increased levels of starch, ADPglucose and
UDPglucose and total yield. Plant Cell Physiol. 50: 1651-1662.

the synthesis or
response to these
hormones. As for GA mutants, this phenotype is caused
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Light is a crucial environmental signal to
plants since it provides energy for photosynthesis and in addition serves as an informational cue of the ambient in which the
plant grows.

I

PIF4 and its close homologue PIF5 regulate the expression of several
mportant light-regulated responses are the deetiolation of seedlings after seed germination and
the response to shade in adult plants, aimed to cope
with the competition imposed by other plants. These

two developmental responses which are triggered by light/
darkness or by changes in the R/FR light ratio are to a large
extent regulated by the transcription factor PIF4 (PHYTOCHROME INTERACTING FACTOR 4), which is destabilized
by the PHYB photoreceptor in the light. Work in our group
aims to identify which signaling cascades govern etiolated
seedling development in the dark and how these cascades

Technicians

Carlos Cuéllar
Marisa Buey

patent

by the stabilization of the DELLAs, a

are affected by light, with a particular focus in the mechanisms involved in integration of the light signal with the own
running developmental programs of the plant. The plant
hormones gibberellins (GA) and brassinosteroids (BRs) play
a central role in transducing the light signal as judged from
the dark de-etiolated phenotype of mutants with a block in

family of nuclear proteins that repress

Genes homólogos al gen FLOWERING LOCUS T (FT) y su uso
para modular la tuberización (2009).

GA-regulated gene expression and are
rapidly destabilized in the presence of GAs.
Evidence provided by our group showed that DELLAs
bind the bHLH DNA recognition domain of the PIF factors
and block DNA binding ability of these transcriptional regulators.
genes driving cell elongation, by recognizing a G-box element in their promoters, the
growth restraint imposed by DELLAs hence being mediated through a block in PIF4/PIF5-mediated
activation of these genes.
Regarding BR-deficient/-response mutants an important finding was the observation that these
seedlings are insensitive to GAs. This impaired response, however, does not correlate with
an increased stability of DELLAs, suggesting that a regulatory step downstream of these
repressors mediates GA-/BR- cross-talk. BRs were actually found to stabilize the
PIF4/PIF5 factors in the light, these results pointing to a master regulatory role
of these transcriptional regulators in the control of genes with a role in cell
elongation, these TFs integrating not only light- (by PHYB-mediated destabilization) and GA- signals (by inactive complex formation with DELLAs)
but playing a role also in BR signaling, thus serving as a molecular
link between the signaling cascades controlling plant growth and
elongation and the exterior.
A second important line of research in our group is day
length control of storage organ formation in potato.
It is well established that day length duration is
perceived in the leaves, a tuberization signal
known as tuberigen being synthesized in
these organs and transported to the
underground organs of the plant. Our
work has demonstrated that this
mobile signal is encoded by an
FT-like gene (StSP6A), an additional member of the FTlike gene family (StSP3D/
SFT) controlling floral
transition independ-

PIF4/PIF5 integration of light and GA-signals. PIFs accumulate in darkness and promote hypocotyl elongation. In the light, the photoreceptor
phyB marks these factors for degradation and represses hypocotyl
growth. In the absence of GAs (+PAC), DELLAs bind to PIFs and block
their DNA binding ability. GAs destabilize these repressors and lead to
elongation of the hypocotyl.
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ent of day length.

Two different FT paralogs control day neutral
flowering and SD-dependent tuber formation in
potato andigena species. The potato StSP6A gene
encodes the mobile tuberigen signal. CONSTANS
represses expression of this gene in LDs but
promotes its activation in SDs, through an autorelay
mechanism. The StSP3D plays a role in floral promotion and is induced in response to environmental
cues other than day length.
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Intracellular
Trafficking in Plants

Zouhar J, Muñoz A, Rojo E (2010) Functional specialization within the vacuolar
sorting receptor family: VSR1, VSR3 and VSR4 sort vacuolar storage cargo in
seeds and vegetative tissues. Plant J 64:577-588.
Zouhar J, Rojo E, Bassham D (2009) Retrograde transport from the prevacuolar
compartment to the trans-Golgi network. Plant Sci 178:90-93.
Zouhar J, Rojo E (2009) Plant vacuoles: where did they come from and where are
they heading? Curr Opin Plant Biol 12:677-684.

Recent work in our group has been focused
in two separate topics.

F

Zouhar J, Rojo E, Bassham D (2009) AtVPS45 is a positive regulator of the
SYP41/SYP61/VTI12 SNARE complex involved in trafficking of vacuolar
cargo. Plant Physiol 149:1668-1678.

irst, we have continued the genetic dissection
of storage protein trafficking to the vacuole in
plants, through isolation of the mtv mutants impaired in this transport process. The first MTV

gene isolated was isolated was VTI12, a SNARE protein
that forms a complex at the TGN required for transport
of storage proteins, but not of other vacuolar cargo (Sanmartín et al., 2007). Other components of this pathway
subsequently identified were an SM protein that positively
regulates the VTI12 SNARE complex (Zouhar et al., 2009)
and the sorting receptors for storage proteins (Zouhar et al.,
20010). We are currently characterising other MTV proteins,
such as MTV8, which contains a lipid-binding ENTH domain and is involved both in trafficking of storage proteins

A second topic in the lab was initiated through isolation of the

and in regulating plant senescence (Fig. 1). Several of the

miniyo-1 (iyo-1) mutant, which has delayed organogenesis

genes isolated are co-expressed and are activated during

in the shoot apical meristem. Functional characterisation of

the massive deposition of storage proteins that occurs in

MINIYO revealed that it is a necessary and sufficient factor for

maturing-seed embryos, suggesting that they are induced

initiating all events of differentiation in Arabidopsis. Moreover,

by a common mechanism to achieve full transport capacity

our results suggest that the targeted nuclear accumulation

in those cells. We have initiated a project to identify the cis

of IYO in transition cells (Fig. 2) functions as a transcrip-

regulatory elements and trans-acting factors that activate

tional switch for this fate transition. We are now studying

their transcription during seed maturation. The goal is to

how endogenous and environmental signals regulate

develop tools to activate in vegetative tissues the expres-

IYO expression and subcellular localization to control

sion en bloc of this (limiting) transport machinery and deter-

the onset of cell differentiation and, consequently,

mine whether storage capacity is altered.

regulate plant growth and development.

Predoctoral scientists

María Otilia Delgadillo
Guillermo Ruano
Technician

María López Sanz

Premature senescence in an mtv8 mutant.
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IYO is expressed in meristems and
the protein is transferred to the
nucleus in transition cells, initiating
differentiation. RAM: root apical
meristem; TZ: transition zone; EZ:
elongation zone.
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JJ, Sanmartín M (2010) Increasing omega-3 desaturase
expression in tomato results in altered aroma profile
and enhanced resistance to cold stress. Plant Physiol
153:655-665.

Our research focuses primarily on wound
signalling in plants, with Arabidopsis thaliana, tomato and potato as model systems.
LEAD investigator

José J. Sánchez-Serrano
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U

pon wounding, defence-related gene expres-

specific PP2A in the regulation of signal transduction

sion is induced at both damaged and distal

networks in Arabidopsis. The Arabidopsis genome en-

tissues well apart from the wound site. The

codes five PP2Ac genes. Homozygous knockout mutant

plant hormone jasmonic acid (JA) plays a

lines have been generated with T-DNA insertions in all

pivotal role in the complex pathway that triggers activation

PP2Ac genes. T-DNA-mediated disruption of the PP2Ac-2

of wound-responsive genes.

gene leads to ABA hypersensitivity. PP2Ac-2 thus appears
to be a specific negative regulator of ABA signal transduc-

Our laboratory studies the role of JA and related compounds

tion in Arabidopsis (Pernas et al., 2007). However, all other

(oxylipins) in plant defence responses. We determined the

single PP2Ac mutants show no obvious phenotypes, sug-

localisation of various biosynthetic enzymes and studied

gesting that the encoded proteins might play largely redun-

Technician

possible interactions among them that could regulate

dant roles, consistent with their high degree of similarity.

Pilar Paredes

oxylipin synthesis (Farmaki et al., 2007). Using transgenic

Predoctoral scientist

Marco Taurino

overexpression and co-suppression approaches, we modi-

Double mutants have also been generated for each gene

fied JA and oxylipin biosynthesis in transgenic potato and

pair. Thorough characterisation of these mutants is reveal-

tomato plants, and studied the consequences on defence

ing PP2A involvement in the regulation of developmental

gene activation. Allene oxide synthase, which catalyses

pathways and in responses to environmental stress. Iden-

the first committed step in JA synthesis, is an important

tification and characterisation of target proteins that are

target of our research to elucidate a role for the isoforms

specifically dephosphorylated by PP2A in these signalling

found in potato and tomato. Overexpression of w-3 fatty

pathways is one main goal in our future work.

acid desaturases in tomato results in production of higher
levels of 3-hexenal, a potent antimicrobial oxylipin and a
major component of the aroma of tomato fruit (Dominguez
et al., 2010).
Reversible protein phosphorylation is a common molecular
mechanism in the regulation of signal transduction pathways. We established that a regulatory phosphorylation
switch controls the spatial and temporal pattern of woundinduced gene expression. In this switch, dephosphorylation
of target protein(s) is essential for JA-dependent gene activation. Pharmacological studies indicate that PP2A and/or
PP4 are the most likely candidates for dephosphorylating
target effector proteins.

Histochemical localisation of GUS activity in
13-HPL promoter lines. Tomato fruits at three
developmental stages (mature green, orange and
ripe red) were cut transversely and stained for
GUS activity. WT: fruits from non-transformed
MicroTom plants; Pro35S: fruits from
the constitutive CaMV 35S promoter;
PromHPL:GUS: fruit from a 2-kb HPL
promoter transgenic line.

We have undertaken a reverse genetic approach to identify loss-of-function mutants in PP2A catalytic subunits
Phenotypes of wild type, single and enhanced mutant plants. (a)
Genotypes are indicated for adult plants (top) and their corresponding
rosette stage (bottom). (b) Wild type (left) and pp2ac-3 pp2ac-4 double
mutant (right) plants. Plants were grown on MS plates with 1% sucrose
for 15 days. Detailed of pp2ac-3 pp2ac-4 double mutant plantlets.
Scale bar = 100 μm.
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(PP2Ac). These mutants will help to elucidate the role of
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The Jasmonate Signalling
Pathway in Arabidopsis
We are interested in understanding how plants
are able to perceive changes in their environment and integrate stress signals with their
internal developmental programs to induce
adaptive responses and survive in nature.

T

his integration depends on complex signalling
networks that regulate the genetic reprogram-
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Fonseca S, Chini A, Hamberg M, Adie B, Porzel A, Kramell R, Miersch O, Wasternack
C, Solano R (2009) (+)-7-iso-Jasmonoyl-L-isoleucine is the endogenous bioactive
jasmonate. Nat Chem Biol 5:344-350.

ming of the cell. The main focus of my lab is
to understand one of the pathways involved

in this network, the jasmonate (JA) signalling pathway, in
Arabidopsis thaliana. Jasmonates are fatty acid-derived
signalling molecules essential for plant survival in nature,
since they are important activators of stress responses
and developmental programs. We aim to identify the components of this pathway and determine how they explain
jasmonate pathway interactions with other pathways
in the network. We are also particularly interested in the
molecular mechanisms underlying JA-mediated activation
of plant responses to necrotrophic pathogens. This type of

Chini A, Fonseca S, Chico JM, Fernández-Calvo P, Solano R (2009) The ZIM domain
mediates homo- and heteromeric interactions between Arabidopsis JAZ proteins.
Plant J 59:77-87.
Franco-Zorrilla JM, del Toro FJ, Godoy M, Pérez-Pérez J, López-Vidriero I, Oliveros
JC, García-Casado G, Llave C, Solano R (2009) Genome-wide identification of small
RNA targets based on target enrichment and microarray hybridizations. Plant J
59:840-850.

• SGT1b/JAI4, a
regulator of SCF

Fonseca S, Chico JM, Solano R (2009) The Jasmonate pathway: the ligand, the
receptor and the core signalling module. Curr Opin Plant Biol 12:539-547.

(Skip-Cullin-Fbox) E3 ubiquitin ligase complexes, including

Pauwels L, Fernández Barbero G, Geerinck J, Tilleman S, Grunewald W,
Pérez Cuellar A, Chico JM, Van De Slijke E, Van Den Bossche R,
Witters E, Inzé D, Long J, De Jaeger G, Solano R, Goossens A
(2010) NINJA connects JAZ proteins to the co-repressor
TOPLESS. Nature 464:788-791.

the JA-signalling component SCFCOI1
(Lorenzo and Solano, 2005; Feys et al.,
1994; Xie et al., 1998; Xu et al., 2002; Devoto et
al., 2002; Feng et al., 2003).
• The JAZ family of nuclear repressors that regulate TF activity

(i.e., AtMYC2) and are targeted by SCFCOI1 for degradation by the 26S
proteasome (Chini et al., 2007). Discovery of the JAZ family of repressors
linked the previous steps in the pathway (SCFCOI1 and the TFs) and facilitated an
integrated view of the core JA signalling module composed by SCFCOI1-JAZs-MYC2. It also evidenced
the similarity between the JA and auxin pathways. Based on the crystal structure of the auxin receptor
(F-box TIR1; closely related to COI1), we hypothesised that COI1 might also be the JA receptor.

(-)-JA-L-Ile
(inactive)

A combination of genetic and biochemical analyses supported this hypothesis (Fonseca et
al., 2009). Using a screen for bioactive jasmonates, we found that the majoritary form of
the hormone [(-)-JA-L-Ile] was inactive as a ligand of COI1, and discovered the real
endogenous bioactive form of the hormone, (+)-7-iso-JA-L-Ile.
• NINJA, novel interactor of JAZ, is an adaptor protein that connects JAZ
repressors to the general corepressor TOPLESS (Pauwels et al., 2010).

defence requires the concerted cooperation of at least two
phytohormonal signalling pathways: JA and ethylene (ET).

2. Dissection of the interaction between the oomycete Pythium

Since the plant uses these two hormones to signal many

irregulare and the plant Arabidopsis thaliana. We characterised

other developmental and stress responses, ET/JA crosstalk

the infection process and the hormone pathways involved in

constitutes a unique (simple) system to study the regulation

plant defence. We identified the genes responsible for plant

of signalling networks that allow the plant to discriminate

resistance to this oomycete, and analysed the contribu-

between different stresses (e.g., pathogens and wounding)

tion of each of the “classical” defence hormones (JA,

and select the correct set of responses to each.

ET and SA) to the activation of this defence gene

(+)-7iso-JA-L-Ile
(active)

(+)-7iso-JA-L-Ile is
the real JA hormone

set. Finally, we found that abscissic acid (ABA)
To understand these biological questions, we are using ge-

is essential for the activation of defences

nomic, genetic, biochemical and molecular tools, following

against P. irregulare and found that it pre-

two approaches:

cedes JA biosynthesis in response to
the oomycete (Adie et al., 2007).

1. Dissection of the JA signalling pathway in Arabidopsis.

Fonseca et al.,
Nature Chem. Biol. 2009.

NINJA recruits TOPLESS
to various pathways

We have discovered several components of this pathway:
• The transcription factors (TFs) ERF1 and AtMYC2/JIN1,
which regulate expression of two subsets of JA/ETTechnician

Gemma Fernández Barbero

related effector genes (Lorenzo et al., 2003; Lorenzo et
al., 2004). The balance of activation of these two TF helps
determine the type of response activated by the plant to
a specific stress (pathogens or wounding; Lorenzo and
Solano, 2005).
Pauwels et al., Nature 2010.
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