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ABSTRACT  The origins of modern Plant Developmental Biology in Spain can be traced back to a

handful of scientists settled in Madrid, Barcelona, Valencia and Sevilla, who devoted themselves

to plant biochemistry, molecular biology and genetics, and also to Drosophila developmental

biology, which influenced, often unintentionally, the pioneers of this field. To reach the present

day situation, the experience acquired in centres abroad has also been important, especially in

plant research institutes in the USA, Germany (Max-Planck Institute für Züchtungsforschung) and

United Kingdom (John Innes Centre). The contributions of Spanish scientists to the advancement

of Plant Developmental Biology appears to be imbalanced towards reproductive biology, al-

though relevant publications have also been reported on embryogenesis and seed development,

shoot branching, tuberization, vascular morphogenesis, leaf development, regulation of develop-

ment by light, signal transduction and hormone action and the connection between growth and

development. Plant Developmental Biology in Spain is going through a flourishing time, with its

future being highly dependent on i) appropriate funding conditions to its young  scientists, ii) the

opening of new areas of research, iii) the incorporation of technological breakthroughs into

laboratories and iv) the carrying out of cooperative research by means of networking. Currently,

besides many Departments of the Spanish universities, several centres in which competitive

research in plant Developmental Biology can be accomplished, exist: the CNB and CBGP in Madrid,

the LGMV CSIC-IRTA in Barcelona, the IBMCP CSIC-UPV, in Valencia and the IBVF CSIC-USE in

Sevilla. Let's go for more!
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The purpose of this review is to offer to the scientific community,
especially to the youngest generation of scientists, an overview of
the research situation in modern plant developmental biology in
Spain. I present here, those who were the pioneers of the
research carried out in this area, and the Centres and disciplines
acting as Vavilov Centres of diversification of Spanish develop-
mental biologists and the ones abroad that most contributed
experience in different aspects of plant developmental biology to
Spanish scientists. At the same time, I give notice of the main
scientific accomplishments of Spanish plant developmental biolo-
gists mainly carried out in Spain but also abroad. Taken together,
this approach should give the reader an idea about the strengths
and weaknesses of this field and, therefore on what is needed for
the future progress of Plant Developmental Biology research in
Spain.
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Plant Developmental Biology

The aim of Plant Developmental Biology is to understand how
plants make themselves. Upon seed germination a shoot/root
axis is established where growth is driven by shoot and apical
meristems. The cells which make the plant body in many plant
species are diploid, and that means that only after floral organ
formation, which will give rise to reproductive development, plants

Abbreviations used in this paper: CBGP, Centro de Biotecnología y Genómica
de Plantas; CNB, Centro Nacional de Biotecnología; IBMCP, Instituto de
Biología Molecular y Celular de Plantas; IBVF, Instituto de Bioquímica
Vegetal y Fotosíntesis; IRTA, Institut de Recerca I Tecnología
Agroalimentàries; LGMV, Laboratori de Genètica Molecular Vegetal;  UPV,
Universidad Politécnica de Valencia; USE, Universidad de Sevilla.
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do not have haploid cell germ lines. Plant shoots are constructed
by repetition of units named phytomers which contain shoot
internodes and leaves. Once plants are ready to reproduce
themselves and given that the environmental conditions are
appropriate, the floral transition takes place to allow pollen and
ovules to be formed, pollination and fertilization leading to fruit
and seed formation. Even if plants and animals share similar
strategies for pattern formation in many developmental pro-
cesses, knowledge of plant developmental cues are far behind for
what we know of animal development. However, this is changing
as fast as plant model systems, especially Arabidopsis thaliana,
and other appropriated experimental tools to study development
in plants have been selected and incorporated by researchers.
Currently, the number of publications dealing with Arabidopsis
increases and even exceeds the number of Droshophila papers,
a classical experimental system to study animal development.
Therefore it is expected that important breakthroughs will be
accomplished in those aspects of plant development that differ
from animal development, such as the mode of action of mol-
ecules establishing morphogenetic gradients, the signal trans-
duction pathways, or the measurement of time, quantity and
quality of light, and the integration of those factors with gene
developmental programs.

Barbara McClintock and Peter Peterson demonstrated the
existence of mobile DNA which caused variegated phenotypic
changes in colour in maize due to alterations in the expression of
genes such as the C locus implicated in anthocyanin biosynthe-
sis. First, that discovery allowed the isolation of unknown genes
by tagging in plants (Paz-Ares et al., 1987) and opened the way
to the use of mobile DNA in large scale plant genome insertion
mutagenesis programs. That was possible thanks to the availabil-
ity of plant genetic transformation systems driven by Agrobacterium
tumefaciens. There is a plasmid fragment of Agrobacterium, the

T-DNA, which can be transferred to the plant genome (Chilton et
al., 1977). Plant scientists learned first to replace the T-DNA
genes by selectable marker genes (Bevan et al., 1983; Zambrisky
et al., 1983) and later by desired genes, and so they developed the
T-DNA vectors for plant transformation used during the last
decades. The study of plant development has become facilitated,
especially in the last few years, because of the advance of genetic
and genomic tools such as sequencing technology. Since the
complete genome sequence of Arabidopsis thaliana was avail-
able in 2000 other genome sequences of model plants are
available to the scientific community (Oryza sativa; Zea mays;
Vitis vinifera ) or are in progress to be completed (Medicago
truncatula or Solanum licopersicon), while technologies recently
developed such as pyrosequencing make it feasible to discover
new genes or transcripts in cDNA libraries or undertake the
sequencing of the genomes of individuals (Weber et al., 2007).
Forward genetics has allowed the cloning, isolation and molecu-
lar characterization of plant developmental regulatory genes,
especially in Arabidopsis thaliana (Somerville and Koornneef,
2002). Currently, the use of reverse genetic tools such as RNA
interference, Targeting Induced Local Lesions in Genomes (TILL-
ING), the development of  Viral Induced Gene Silencing (VIGS)
vectors for gene silencing together with large scale functional
genomics, which use high density microarrays, allow an approach
of systems biology to untangle plant developmental processes. A
detailed general historical perspective of plant developmental
biology has been recently published (see Van Lijsebettens and
Van Montagu, 2005 and references therein).

Plant Developmental Biology in Spain emerges from
Plant Physiology, Biochemistry and Molecular Genet-
ics

Plant Developmental Biology has not been an academic disci-
pline in Spain even if there are Departments of Biochemistry and
Molecular Biology, Plant Physiology and Genetics at the Faculties
of Biology, Chemistry, Pharmacy, and at the Agronomy Schools
of Polytechnic Universities. Spanish researchers devoted to plant
developmental biology have been recruited from people trained in
those disciplines in Spain or elsewhere and just recently several
Research Institutes, most of them belonging to CSIC, in which
Plant Developmental Departments exists, have been created. If
we consider the beginning of the modern Plant Developmental
Biology linked to the discovery of mobile elements in maize
around the fifties of the last century and the generalization of
molecular genetic based approaches, when at the same time
Spain was just starting to recover itself from a civil war which
deprived the country of their best scientists, the limited contribu-
tion of science done in Spain to plant developmental biology is not
a surprise. Even so, plant developmental researchers have ben-
efited from the strength and high international level of the Bio-
chemistry and Molecular Biology carried out in Spain (García
Olmedo, 2004) while Plant Physiology has evolved less than
Biochemistry and has remain separated from Botany as a disci-
pline, and Plant Genetics has been almost restricted to Schools
of Agronomy where it was more dedicated to traditional breeding
than to modern biotechnologies. However, thanks to the tradition
of Spanish biochemists and molecular biologists, it has been very
common to send the best students for postdoctoral studies to

Fig. 1. The Genomics Unit at the CNB-CSIC (Madrid) provides

support for genomic analysis to the Spanish research community.

The figure shows a representative sample of the type of analyses offered
that include «classical» microarrays, Tilling arrays, DNA/protein-binding
arrays and data analysis, among others.
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laboratories around the world, where the principles of modern
Plant Developmental Biology have been established.

Here I review the contribution of Spanish scientists to the
establishment of milestones and technological breakthroughs by
means of research performed both in Spanish laboratories or
elsewhere, once they have been reintegrated to laboratories in
Spain. This should give us an idea about the present situation and
future perspectives of Plant Developmental Biology in Spain.

Research Centres devoted to Plant Developmental Bi-
ology in Spain

Plant Developmental Biology laboratories are scattered among
many universities in Spain, especially at Faculties of Biology and
Agronomy. There are several research centres, in which at least
one Department is devoted to Plant Developmental Biology
studies or where the major scientific activity corresponds to this
discipline, which were created in the last two decades. Those are
the Centro Nacional de Biotecnología [National Biotechnology
Centre], Campus de Cantoblanco, Figure1, (CNB, CSIC, Madrid)
whose Department of Genética Molecular de Plantas was initially
directed by Javier Paz Ares; the Instituto de Biología Molecular y
Celular de Plantas [Institute of Plant Molecular and Cellular
Biology], Figure 2, (IBMCP,CSIC-UPV) in Valencia which was
designed and promoted by José Pío Beltrán and Vicente Conejero;
the Instituto de Bioquímica Vegetal y Fotosíntesis [Institute of
Plant Biochemistry and Photosynthesis] (IBVF, CSIC-U Sevilla)
long time directed by Manuel Losada and the Laboratori de
Genètica Molecular Vegetal [Plant Molecular Genetics Labora-
tory], Figure 3, (LGMV, CSIC-IRTA, Barcelona) a very ambitious
research centre imagined and started up by Père Puigdomenech.
The Universidad Politécnica de Madrid has created a new centre,
long time ago thought by Pilar Carbonero and Francisco García-
Olmedo, and called the Centro de Biotecnología y Genómica de
Plantas [Plant Biotechnology and Genome Centre], Figure 4,
(CBGP, Madrid) which we expect to become one of the best plant
research initiatives in Spain. Recently, the CSIC, together with the
University of La Rioja and the regional government of La Rioja,
have agreed to create the Instituto de Ciencias de la Vid y el Vino
[Institute of Vine and Wine Sciences] (ICVV, La Rioja) which will
dedicate efforts to generate basic knowledge, including some
developmental studies, and applied knowledge on grapevine and
its derived products. It is expected that the new installations will
be ready along the next two-three years. The distribution along
the Spanish geography of the above mentioned centres can be
visualized in Figure 5.

The scientists who founded Plant Developmental Biol-
ogy in Spain

Given the period of time covered by this review, from 1950 to
2007, I will try to identify at least three generations of Spanish
scientists who have contributed to the emergence of Plant Devel-
opmental Biology in Spain.

The first generation
There is a handful of scientists who directly or indirectly

through their disciples have influenced the establishment of a
Spanish network of plant developmental biologists. These were:

Alberto Sols, biochemist (Madrid, CSIC-UAM) had influence over:
Bartolomé Sabater, Ramón Serrano, Juan Carbonell, José Pío
Beltrán, Antonio Vera, Pedro Carrasco; Miguel Angel Pérez
Amador, David Alabadí,  Miguel Angel Blázquez.
Juan Ramón Lacadena, geneticist (Madrid, UComplutense) had
an influence on Alicia de la Peña, Juan Carlos del Pozo, Carlos
Alonso-Blanco, Julio Salinas, Juan Capel, José Antonio Jarillo
Francisco García Olmedo/ Pilar Carbonero, biochemists (Madrid,
U Politécnica)  had an influence on Cipriano Aragoncillo, Javier
Paz Ares, Roberto Solano, Isabel Allona, Isabel Díaz, Montaña
Mena, Joaquín Royo, Gregorio Hueros, Jesús Vicente-Carbajosa.
Manuel Rosell, biochemist (Barcelona, UB) had an influence on
Albert Boronat.
Antonio García Bellido/Juan Modolell/Carlos Alonso Bedate/Ginés
Morata,  Drosophila developmental geneticists (Madrid, CBM-
CSIC) had an influence on José Luis Micol, María Rosa Ponce,
Pedro Robles, Victor Quesada, Soraya Pelaz, Albert Boronat,
Pilar Cubas, Crisanto Gutierrez, Pedro Luis Rodríguez, Paula
Suarez-López, Antonio Martínez Laborda, Montse Pagés, Jordi
Gómez, Mercé Figueras, Mar Alba.
José Luis Oliver/Manuel Ruiz Rejón, geneticists (Granada, UG)
had an influence on José Miguel Martínez Zapater, Juan Capel,
María José Carmona, José Antonio Jarillo, Concepción Gómez
Mena, Manuel Piñeiro, Rafael Lozano.
Jorge Fernández López Saez cell biologist (Madrid, CIB-CSIC)
had an influence on María del Carmen Risueño, Miguel Vicente,
Luis Cañas, Pilar Testillano, María José Carmona, Crisanto
Gutierrez.
Xavier Avilés, biochemist (Barcelona, UAB) had an influence on
Blanca San Segundo, Josep Casacuberta.
Jaume Palau, biochemist (Barcelona, CID-CSIC) had an influ-
ence on Pere Puigdomenech, Salomé Prat, Dolores Ludevid,
José Antonio Martínez Izquierdo, Carlos Vicient, Matilde José-
Estañol.
Manuel Losada/Antonio Paneque biochemists (Sevilla, CSIC-U
Se) had an influence on Juan Manuel Ramírez de Verger, Miguel
García Guerrero, José María Vega, Carmen Fenoll, Juan Jordano,
José María Romero, José León, José Carlos Reyes,  Francisco
Madueño, Javier Cejudo.
Francisca Fernández del Campo, plant physiologist (Madrid,
UAM) had an influence on Carmen Fenoll, Laura Serna.
Eduardo Primo Yúfera, plant biochemist (Valencia, CSIC-UPV)
had an  influence on José Luis García Martínez, José Pío Beltrán,
Antonio Granell, Isabel López, Jaime Martínez García,  María
Luisa Salvador, Manuel Rodríguez Concepción, Cristina Ferrándiz,
Francisco Culiañez, Diego Orzaez.
Gregorio Nicolás, plant physiologist (Salamanca, USAL) had an
influence on  Dolores Rodríguez, Emilia Labrador, Oscar Lorenzo.

Foreign research centres and scientists which have
contributed to Plant Developmental Biology activities
in Spain

Following the tradition of the Spanish biochemists to send their
best students to the best international research centres for
postdoctoral studies, the same was done by the beginners of
Plant Developmental Biology in Spain. Up to date, about two
thirds of Spanish developmental biologists decided to investigate
during their postdoctoral studies in Northamerican research cen-
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tres, especially those located in California. The other third visited
European centres, mainly the Max-Planck Institut für
Züchtungsforschung and the John Innes Centre.

Northamerican research centres
The Scripps Research Institute, La Jolla, California,USA.
Steve Kay :  David Alabadí, Paloma Más.
The Salk Institute for Biological Studies, La Jolla, California, USA.
Detlef Weigel:  Miguel Angel Blázquez, Juan Carbonell.
Chris Lamb: Antonio Leyva, Pablo Vera.
University of California, Berkeley, California, USA.
Wilhelm Gruissem: Juan Carbonell, Manuel Rodríguez Concepción
Patricia Zambryski/Sara Hake: Antonio Martínez Laborda
Peter Quail: Jaime Martínez-García.
University of California, San Diego, California, USA.
Marty Yanofsky: Montaña Mena, Pedro Robles, Cristina Ferrándiz,
Soraya Pelaz
Robert J.Schmidt, Montaña Mena, Jesús Vicente Carbajosa.
Maarten Chrispeels: Carmen Fenoll.
California Institute of Technology
Eric Davidson/Terry Thomas, Elliot Meyerowitz: Juan Jordano,
José Luis Micol, María Rosa Ponce, José Luis Riechmann.
University of Pennsylvania Philadelphia, USA.
Anthony Cashmore: Juan  Capel, Antonio Granell, José A. Jarillo.
Michigan State University, East Lansing
Chris Somerville: José Miguel Martínez-Zapater.
University of Georgia, Athens, USA.
Russell L. Malmberg: Luis Antonio Cañas.

European Union
Max Planck Institut für Züchtungsforschung, Köln, Germany.
Heinz Saedler/Hans Sommer, Francesco Salamini/ Richard Th-
ompson: José Pío Beltrán,  Javier Paz Ares,  Marcos Egea-
Cortines, Rafael Lozano, Gregorio Hueros.
John Innes Centre, Norwich, UK.
Cathie Martin, Enrico Coen, David Baulcombe, Caroline Dean,
George Coupland, Robert Sablowsky: Pilar Cubas, José María
Romero, Jaime Martínez García, Javier Cejudo, Victor Quesada,
Paula Suárez,
Laboratory of Genetics, Wageningen University, The Nether-
lands.
Maarten Koornneef: Carlos Alonso-Blanco.
Institut für Genbiologische Forschung, Berlin, Germany.
Lothar Willmitzer: Salomé Prat, José Juan Sánchez Serrano.

Major contributions to Plant Developmental Biology
made by Spanish scientists

Contributions have been arranged thematically for a better
comprehension.

Seed size, embryogenesis and seed development
Carlos Alonso Blanco, working with Maarten Koornneef at

Wageningen, The Netherlands, studied the natural allelic varia-
tion of seed size loci in relation to other life history traits of
Arabidopsis. Using a recombinant inbred line population derived
from Ler and Cvi, they mapped quantitative trait loci (QTLs)
affecting twelve life history traits related to seed size, fruit size and
seed number. They were six putative seed size QTLs that did not

show a significant effect on any other trait, suggesting that this
allelic variation may specifically be involved in seed development
processes (Alonso-Blanco et al., 1999). This genetic character-
ization of plant resources should be fundamental to elucidate the
molecular and cellular mechanisms which underline seed devel-
opment and seed size. Currently, Carlos Alonso Blanco works at
the Departamento de Genética Molecular de Plantas (CNB,
CSIC, Madrid). He has established very valuable tools to carry out
plant developmental studies such as a permanent mutant collec-
tion of Arabidopsis thaliana Landsberg erecta ecotype and an
efficient service for TILLING. Carlos Alonso-Blanco maintain an
active cooperation with the Koornneef laboratory to develop
genetic tools that could be used for developmental studies. They
have developed a near isogenic line population of Arabidopsis
thaliana to reinforce QTL mapping capabilities of a previous
generated recombinant inbred line population (Keurentjes, et al.,
2007).

Père Puigdomenech is one of the major protagonists in the
Spanish scene concerning plant molecular biology. He has been
leading a large group of plant scientists at the Centro de
Investigación y Desarrollo, CSIC, Barcelona.  Recently, he was
successful when he started a very ambitious initiative to form the
Laboratori de Genètica Molecular Vegetal CSIC-IRTA which will
integrate plant scientists from the universities of Barcelona,
Autónoma de Barcelona and Lleida. That would generate the
largest centre in Spain devoted to plant studies. Puigdomènech
participated in the international initiative of sequencing the ge-
nome of Arabidopsis thaliana that ended successfully in 2000,
and nowadays, he is responsible of an initiative for functional
genomics in melon. Puigdomènech together with Dolores Ludevid
and Carlos Vicient have used maize as a model plant to study
embryo differentiation. They described the accumulation of cell
wall hydroxyproline-rich glycoprotein mRNA as an early event in
maize embryo cell differentiation (Ruiz-Avila, et al., 1992) and
isolated the HPRP gene to study its expression in scutellum and
in non-vascular cells from the embryo axis that allowed them to
propose different functional hypotheses (José-Estañol, et al.,
1992). Later on, with the contribution of the promising and early
passed away Spanish scientist Virginia Stiefel, they were able to
clone TM20, a gene coding for a new class of transmembrane
protein expressed in the meristematic tissues of maize (Stiefel et
al., 1999). Montserrat Pagés is the senior scientist who has most
contributed with Puigdomènech to make the Laboratori Genética
Vegetal, CSIC-IRTA, Barcelona the one with most initiatives to
study plant developmental biology in Spain. She has been long
time interested in the understanding of the molecular basis of ABA
action during maize embryogenesis and embryo dessication. She
pioneered the field, reporting the cloning of a gene coding for a
glycine rich protein induced by ABA in the maize embryo (Gómez
et al., 1988). Later on, her group has made important contribu-
tions in the elucidation of the function of the ABA-responsive
proteins such as Rab17, a protein present in all cells of embryo
tissues that may play a role in nuclear protein transport, and in the
mode of action of that plant hormone (Goday et al., 1994). She has
shown that ABA and the transcriptional activator VIVIPAROUS1
have a synergistic effect on transcription during embryo develop-
ment, analyzing their interaction with the abscissic acid respon-
sive element (ABRE) of the maize rab28 gene (Busk and Pagés,
1997). Today Montserrat Pagés is a recognized expert on the
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molecular mode of action of ABA. Pilar Carbonero (Departamento
de Biotecnología, U Politécnica de Madrid) is an expert on the role
of cereal seed proteins. She has been long time studying the cis
regulatory elements and the transacting factors of the ABA
response of hydrolase genes upon germination of seed cereals.
They have isolated two genes from barley encoding DOF tran-
scription factors, HvDof17 and HvDof19 and found that HvDOF17
binds in a specific manner to a thiol-protease gene (AI21), and
mediates the ABA repression of that gene in the barley aleurone.
The transcripts of the two transcription factors accumulate early
in germinating aleurones, whereas the mRNAs of the GA-induced
activator GAMYB remains little expressed. Those findings and
others have allowed Carbonero and co workers to propose a
model of hydrolase gene expression upon seed germination
(Díaz et al., 2002; Moreno-Risueño et al., 2007).

Dolores Rodríguez, Emilia Labrador, Gregorio Nicolás and
more recently Oscar Lorenzo (Departamento Fisiología Vegetal,
U Salamanca) have been long-time working on seed germination.
Together with Pedro Luis Rodríguez, they isolated a protein
phosphatase type 2C from Fagus sylvatica that becomes up-
regulated upon addition of ABA to seeds and during early weeks
of stratification as well, and studied the role of that protein on the
regulation of ABA responses in dormancy and germination by
means of transgenic Arabidopsis plants expressing constitutively
Fs PP2C1.“Gain of function of Fs PP2C1 was sufficient to confer
ABA insensitivity in seed dormancy and germination, and the
transgenic plants show ABA resistant early root growth and
diminished induction of the ABA-response genes RAB18 and
KIN2, all this suggesting a role for Fs PP2C1 as a negative
regulator of ABA signalling in seeds (González-García et al.,
2003). More recently Pedro Luis Rodríguez has shown coopera-
tive negative regulation of ABA signalling by ABA-INSENSITIVE1
and HYPERSENSITIVE TO ABA1, two protein phosphatases
type 2C of Arabidopsis (Saez et al., 2006).

Javier Cejudo (Instituto de Bioquímica Vegetal y Fotosíntesis,
CSIC-U Sevilla) leads a group interested in the understanding of

the mode of action of gibberellins during seed germination in
cereals. Recently, they have reported that GA induces a nuclease
in the nucleus of wheat aleurone cells undergoing programmed
cell death (Domínguez et al., 2004). Juan Jordano and Concepción
Almoguera, IRNASE, CSIC, Sevilla, were interested in the study
of embryogenesis in sunflower. They isolated genes coding for
heat shock proteins, trying to uncover alternative functions of
those genes in the plant cell (Almoguera and Jordano, 1992).
They have reported the cloning and functional characterization of
HaHsFA9, the first heat-schock transcription factor that is specifi-
cally expressed during embryogenesis of sunflower. They pro-
posed that this transcription factor is implicated in the develop-
mental activation of genes such as Hahsp17.6G1 and in similar
target genes such as Hahsp17.7G4 (Almoguera et al., 2002).
Gregorio Hueros (Departamento de Biología Celular y Genética,
U. Alcalá) worked with Francesco Salamini and Richard Thomp-
son in the Max-Planck-Institut für Züchtunsforschung on maize
endosperm patterning. Later on, Gregorio Hueros has estab-
lished a group together with Elisa Gómez and Joaquín Royo in
Spain. They reported the isolation of ZmMRP-1 a MYB transcrip-
tion factor which is expressed specifically in endosperm transfer
cells, accumulating at the basal pole of the endosperm coenocyte
soon after fertilization. ZmMRP-1 is localized in nuclei and can
transactivate the promoters of transfer ell-specific genes (Gómez
et al., 2002).

Shoot apical meristem and shoot branching
Pilar Cubas joined the Centro Nacional de Biotecnología,

CSIC Madrid after working for years on flower symmetry with
Enrico Coen at John Innes Centre, UK. She has started a
laboratory currently dedicated to the study of shoot branching.
Shoot branching depends on whether axillary buds grow out to
give a branch or they remain dormant in the axils of leaves. Pilar
Cubas and co-workers have isolated BRC1 an Arabidopsis gene
coding for a TCP transcription factor closely related to teosinte
branched1(tb1) from maize. BRC1 is expressed in developing

Fig. 2. The Institute for Plant Molecular and Cell Biology (IBMCP, CSIC-UPV) in Valencia. Facilities here allow the growth of transgenic plants
under environmentally controlled conditions allowing massive reverse genetic experimental strategies.
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buds, where it arrests bud development. BRC1 downregulation
leads to branch development. BRC1 appears to act downstream
of the MORE AXILLARY GROWTH pathway that it is required for
auxin induced apical dominance. Pilar Cubas suggests that the
conservation of BRC1/tb1 function among distantly related an-
giosperm species might indicate that a single ancestral mecha-
nism of branching control integration evolved before the radiation
of flowering plants (Aguilar-Martínez et al., 2007)

Vascular morphogenesis
Antonio Leyva (Departamento de Genética Molecular de

Plantas, Centro Nacional de Biotecnología, CSIC, Madrid) is
interested in the study of the molecular mechanisms involved in
the inception of vascular morphogenesis. Perhaps this interest
began while he was working with Chris Lamb at the Salk Institute,
California when they characterized the role of the phenylalanine
ammonia-lyase gene 2 in the early stages of vascular develop-
ment at the inception of xylem differentiation. They proposed that
the PAL2 promoter had a modular organization and that tissue-
specific expression in the vascular system may provide a flexible
mechanism for tissue specificity (Leyva et al., 1992). Recently,
Leyva and co-workers have provided genetic and molecular
evidence for independent pathways of the proliferation of vascu-
lar initials and canonical cytokinin signalling in Arabidopsis (García-
Ponce de León et al., 2004). Pablo Vera (IBMCP CSIC-UPV,
Valencia) worked also as a postdoctoral fellow with Chris Lamb in
California. Although his main scientific interest consists in the
understanding of plant defence mechanisms against pathogens,
he has made some significant contributions to plant development,
such as the discovery of a plant homeobox gene which is ex-
pressed specifically at the phloem during secondary phases of
vascular development (Tornero et al., 1996).  Ana Caño-Delgado
(Laboratori Genética Vegetal, CSIC-IRTA, Barcelona) has re-
cently started a group to study novel components in phloem-
provascular patterning in Arabidopsis.

Leaf development
A systematic molecular and genetic analysis of leaf develop-

ment in Arabidopsis thaliana was initiated a decade ago by José
Luis Micol and María Rosa Ponce (Division de Genética, U Miguel
Hernández, Elx). José Luis Micol is interested in the study of leaf
ontogeny as a model for answering general questions for pattern
formation. To this end, Micol and co workers isolated Arabidopsis
variants showing abnormal venation pattern, marginal configura-
tion, shape or size of their vegetative leaves. Variations in the
repeat number at 22 microsatellite loci were determined with the
purpose of assessing correlation between the phylogeny of the
accessions studied and leaf morphology (Pérez-Pérez, et al.,
2002). For the causal analysis of plant leaf development they
have performed a large scale screen for EMS-induced mutants to
define the spectrum of possible perturbations in leaf morphogen-
esis, in order to determine the number of genes whose mutations
disturb the process and consequently this allowed the selection of
some mutants for the molecular characterization of the leaf
development control (Berná, et al., 1999). As an example, among
many, of the molecular characterization of the mutants isolated,
they have described that the HVE/CAND1 gene is required for the
early patterning of leaf venation in Arabidopsis and that ubiquitin
mediated auxin signalling is required for venation patterning in

laminar organs. Double mutant and transgenic plants indicated
that auxin transport and perception act independently to pattern
leaf veins (Alonso-Peral et al., 2006). José Luis Micol has also
demonstrated a high capacity for networking helping the
Arabidopsis Spanish community through an efficient service for
gene mapping. Carmen Fenoll (UCLM, Toledo) was able to raise
a laboratory while working at UAM, Madrid, devoted to study the
ontogeny of stomatal clusters in Arabidopsis leaves. By using
growth conditions which limit gas exchange with the atmosphere,
she realized that stomatal clusters look like phenocopies of those
showed by four lips and too many mouths mutants, suggesting
that stomata spacing is under environmental as well as genetic
control. Fenoll traced the origin of those clusters by following
promoter activity for genes that served as markers of competence
in cell division, mitotic activity and guard mother cell and develop-
ing guard cell identity. It was concluded that that stomatal clusters
derive from a single protodermal cell through a process which
involves changes in cell fate in a subset of subsidiary cells (Serna
and Fenoll, 1997; Serna et al., 2002).

Floral transition
Floral transition, flower and fruit development are topics on

which Spanish developmental biologists have made numerous
and relevant contributions, both in Spanish laboratories and
abroad.  According to García Olmedo, the studies on plant
developmental biology were initiated in Spain by José Miguel
Martínez-Zapater (Madrid, INIA) with respect to flowering, José
Pío Beltrán (IBMCP CSIC-UPV, Valencia) regarding flower and
fruit development and later on by José Luis Micol (U Miguel
Hernández , Elx) with  respect to leaf development. Floral transi-
tion is a process that has to be repressed until plants are mature
to build flowers able to produce fruits and seeds. Therefore floral
transition has to integrate a developmental genetic program with
environmental factors such as photoperiod, exposure to cold
temperatures (vernalization), humidity and nutrient availability
among others. The genetic analysis of flowering time mutants
allowed the distinction of four major genetic pathways, the photo-

Fig. 3. Building of the Centre for Research on Agricultural Genomics,

CSIC-IRTA-UAB. This is under construction in the campus of the Autono-
mous University of Barcelona, where the groups of the Molecular
Genetics Department (IBMB-CSIC) will be hosted from the middle of
2009.
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period and the vernalization pathways mediating the response to
environmental factors and the autonomous and the gibberellin
(GA) pathways that are largely independent of external signals
(Martínez Zapater et al., 1994; Martínez Zapater et al., 1995;
Parcy, 2005). A large number of genes acting within those
pathways have been cloned and efforts are currently devoted to
understand how they are interacting with each other and what are
the functions of the gene products. The CONSTANS gene is the
most downstream gene known for the photoperiod pathway and
both the light and the internal clock regulate the accumulation of
CO (Suárez-Lopez et al., 2001; Valverde et al., 2004). The
FLOWERING LOCUS C gene marks the convergence between
the autonomous and vernalization pathways. CO activity and
repression of FLC trigger the flowering signals leading to the
induction of floral meristem identity genes such as LEAFY,
APETALA1 and CAULIFLOWER. However, salicylic acid regu-
lates flowering time in a process that involve the photoperiod and
autonomous pathways, but it does not require the function of the
flowering genes CONSTANS or FLOWERING LOCUS C, as
shown by  José León from IBMCP CSIC-UPV, Valencia (Martínez
et al., 2004). There are three genes shown to integrate the effects
from the different floral pathways, LEAFY, FLOWERING LOCUS
T and SUPPRESSOR OF CO OVEREXPRESSION (Parcy, 2005).
Martínez-Zapater / Julio Salinas and co-workers analyzed double
mutants combining late-flowering mutations at four flowering-
time loci (FVE, FPA, FWA and FT) with mutations at the LEAFY,
APETALA1 and TERMINAL FLOWER1 loci involved in the floral
initiation process. That work was fundamental to understand the
different roles of flowering time genes in the activation of floral
initiation genes in Arabidopsis (Ruiz-García et al., 1997). More
recently, this team characterized, at a molecular level, FVE, a
component of the autonomous pathway that encodes At MSI4, a
putative retinoblastoma-associated protein. They have also shown
that FVE participates in a protein complex repressing FLC tran-
scription and consequently, it uncovered a new genetic mecha-
nism in the regulation of flowering (Ausín, et al., 2004). In
collaboration with George Coupland they have characterized the
product of EARLY BOLTING IN SHORT DAYS as a chromatin
remodelling factor that regulates flowering in Arabidopsis by
repressing FT (Gómez-Mena et al., 2001; Piñeiro et al., 2003).
Carlos Alonso-Blanco working with Maarten Koornnef at
Wageningen utilized a QTL mapping approach in recombinant
inbreed lines to identify and locate the loci responsible for the
flowering variation in three environments differing in photoperiod
length and/or vernalization treatment. The four largest effect
QTLs were characterized genetically and physiologically in rela-
tion to flowering responses to day length and vernalization (Alonso-
Blanco et al., 1998). Further work of these authors allowed the
molecular characterization of the EDI QTL as a novel allele of
CRY2,encoding the blue-light photoreceptor cryptochrome-2 (El-
Assal et al., 2001).

While working at the laboratory of Detlef Weigel in California,
Miguel Angel Blázquez (IBMCP CSIC-UPV, Valencia) contrib-
uted greatly to reveal that the expression pattern of the floral
meristem identity gene LEAFY precedes the floral transition, and
is firstly detected in young leaf primordia and then increasing to a
maximum in young floral meristems (Blázquez et al., 1997).
Moreover he showed that gibberellins promote flowering in
Arabidopsis by activating the LEAFY promoter (Blázquez et al.,

1998). The functionality of the Arabidopsis LEAFY and APETALA1
in heterologous systems has been demonstrated by Leandro
Peña and Luis Navarro (IVIA, Valencia) in cooperation with José
Miguel Martínez-Zapater, by means of the constitutive expression
of those genes in transgenic citrus trees, which greatly reduced
their generation time (Peña et al., 2001).

As I said at the beginning of the molecular genetic analysis of
flower development there were two plant model systems that
were amenable to this kind of analysis: Antirrhinum majus and
Arabidopsis thaliana. Like in the case of class B genes necessary
for the identity of petals and stamens, which were first isolated in
Antirrhinum (Sommer et al., 1990), the same happened with the
FLORICAULA, a key gene regulating flowering induction which
was isolated in 1990 by José María Romero IBVF, Sevilla (Coen
et al., 1990) while working with Enrico Coen at the John Innes
Centre, Norwich, UK. Later, LEAFY the FLORICAULA ortholog in
Arabidopsis was characterized by George Haughn (Schultz and
Haughn, 1991) and Detlef Weigel (Weigel et al., 1992). María
José Carmona (Departamento de Biotecnología, U Politécnica
Madrid), in collaboration with José Miguel Martínez-Zapater, is
leading a group which have characterized VFL, the grapevine
FLORICAULA ortholog (Carmona et al., 2002). They have shown
that floral meristem identity genes are expressed in the tendrils of
grapevine providing molecular support to the hypothesis that Vitis
tendrils are modified reproductive organs adapted to climb (Calonje
et al., 2004); and they have characterized the FT/TFL1 gene
family in Vitis vinifera suggesting a role for VvFT and VvMFT as
flowering promoters, while VvTFL1A, VvTFL1B and TFL1C could
be associated with vegetative development and maintenance of
meristem indetermination (Carmona et al., 2007). María Herrero
(Estación Experimental Aula Dei, Zaragoza) is one of the few
Spanish scientists that has used a cellular approach to dissect a
developmental process, namely the regulation of mating in flow-
ering plants. Synchronous development of the male and female
sexual organs persists after pollination, with both pollen and pistil
following complex but highly integrated pathways that allow
fertilization to take place. When a lack of synchrony occurs, it
might be used as a powerful tool to investigate the regulation of
mating (Herrero, 2003 and references therein).

Flower development
Flowers are composed of sepals, petals, stamens and carpels

arranged in concentric whorls. The genetic control of floral organ
identity was a major discovery of plant developmental biology.
The so called ABC model states that three types of biological
activities are necessary for floral organ identity. Genes coding for
A activity specify sepal formation in the first whorl; in the second
whorl, where petals are formed, the products of genes coding for
A and B activities have to be expressed; for stamen specification
at the third whorl, B and C activities are required, and finally at the
fourth whorl, only C activity is expressed specifying carpel forma-
tion (Coen and Meyerowitz, 1991). Ten years later Soraya Pelaz
(Laboratori Genética Vegetal, CSIC-IRTA Barcelona), while work-
ing at Marty Yanofsky´s laboratory demonstrated that B and C
floral organ identity functions require SEPALLATA MADS-box
genes (Pelaz et al., 2000). The participation of SEPALLATA
genes as necessary partners to specify floral organ identity has
led to a revised ABC model: the floral quartet model (Robles and
Pelaz, 2005).
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2001) while Juan Carbonell, together with Pedro Carrasco (UVEG),
Antonio Granell from IBMCP UPV-CSIC, Valencia and Miguel A.
Pérez-Amador from IBMCP CSIC-UPV, Valencia dedicated their
efforts to understand the role of polyamines and proteases in fruit
senescence as a process alternative to development (Granell et
al., 1992; Perez-Amador et al., 1995; Orzaez and Granell, 1997;
Acosta et al., 2005). José Luis García-Martínez, with the collabo-
ration of Isabel López, has pursued his work on gibberellins in
which he is a worldwide recognised expert (García-Martínez et
al., 1997; Fos et al., 2000). At the end of the eighties, the necessity
to incorporate the molecular genetic analysis to make progress in
the understanding of flower and fruit development was evident. To
this end, José Pío Beltrán joined the laboratory of Heinz Saedler
and Hans Sommer at Max Planck Institut für Züchtungsforschung
in Köln. The cue was to incorporate the use of floral homeotic
mutants. A key model plant for developmental studies in Europe
was Antirrhinum majus due to the possibility to carry out transpo-
son gene tagging experiments. As it is often the case in many key
discoveries in science, there was a friendly competition between
Enrico Coen from John Innes Centre at Norwich and Heinz
Saedler to characterize the DEFICIENS gene, whose loss of
function causes the homeotic transformation of petals into sepals
and of stamens into carpels. Thanks to the ability of Hans Sommer
at Max Planck Institut, we cloned DEFICIENS, the first floral
homeotic gene characterized (Sommer et al., 1990). Immedi-
ately, the cloning of AGAMOUS from Arabidopsis was reported by
Elliot Meyerowitz. The initials of both genes are included in the
acronym to designate the MADS-box gene family with over one
hundred members responsible of the control of many plant
development processes in Arabidopsis, with only a few  MADS-
box genes also in yeast (MCM1) and in humans (SERUM RE-
SPONSE FACTOR).

Montaña Mena (UCLM, Toledo), when she was with Bob

Schmidt in San Diego, California used reverse genetics to isolate
a transposon induced mutation in ZAG1 the maize homolog of
AGAMOUS of Arabidopsis. Only determinacy but not reproduc-
tive floral organ identity was affected in this mutant. That led to the
identification and cloning of a second AGAMOUS homolog ZMM2
suggesting that C-function organ identity in maize is accom-
plished by two closely related genes, ZAG1 and ZMM2 with
overlapping but non identical activities (Mena et al., 1996). Marcos
Egea-Cortines (U Cartagena) who worked at Hans Sommer/
Heinz Saedler laboratory made an important progress into the
molecular mode of action of MADS-box proteins demonstrating
the formation of protein ternary complexes such as the one
between SQUAMOSA, DEFICIENS and GLOBOSA, implicated
in the control of floral architecture in Antirrhinum majus (Davies et
al., 1996; Egea-Cortines et al., 1999). The same floral organs are
quite different among plant species. Despite the characterization
of the genes controlling floral organ identity, knowledge on the
genes controlling floral organ size and form remain elusive to
researchers. Marcos Egea-Cortines had the courage to start a
group in Spain to study the developmental genetic bases of floral
organ size (Weiss et al., 2005). José Pío Beltrán incorporated into
his laboratory in Valencia molecular genetic analyses to the study
of floral development in legumes (Beltrán, 1991; Beltrán et al.,
1996; Ferrándiz et al., 1999a; Berbel et al., 2001; Benlloch et al.,
2003; Berbel et al., 2005; Hecht et al., 2005; Benlloch et al., 2006).
To understand the regulation of floral ontogeny and flower devel-
opment of legumes further important work has been developed by
Luis Cañas from IBMCP CSIC-UPV as well Cristina Ferrándiz,
which later on made outstanding contributions on fruit develop-
ment in Marty´s Yanofsky laboratory (Ferrándiz et al., 1999b;
Ferrándiz et al., 2000a; Ferrándiz et al.,2000b), and  Francisco
Madueño from IBMCP CSIC-UPV, Valencia, currently devoted to
study the regulation of TERMINAL FLOWER1, a gene controlling

Fig. 4.  Plant Biotechnology and Genome Centre (CBGP, UPM-INIA). This Institute located at the
Campus of Montegancedo, Madrid, opened its doors in the Autumn of 2008.

The garden pea began to be used
as a model system, not for legumes
but for citrus, in Valencia by José
Luis García-Martínez and Juan
Carbonell, IBMCP CSIC-UPV,
Valencia (García-Martínez and
Carbonell, 1980). Spraying with GA
was an agronomic practice in
valencian orchards to reinforce fruit
set in citrus. Gibberellins are able to
induce parthenocarpic fruit set and
development in Pisum sativum and
the aim of their initial work was to
understand the role of the plant hor-
mones on fruit growth, size and
shape. Later on, José Pío Beltrán
joined the task focusing his work on
the physiological and biochemical
bases, especially on the role of gib-
berellins and sucrose on carpel and
fruit development (Peretó and
Beltrán, 1987; Janhke et al., 1989;
Estruch and Beltrán, 1991; García-
Martinez and Beltrán, 1992;
Rodríguez-Concepción and Beltrán,
1995; Rodríguez-Concepción et al.,
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Arabidopsis plant architecture in collaboration with Desmond
Bradley. Further cooperation between Francisco Madueño,
Cristina Ferrándiz and José Pío Beltrán has allowed the cloning
of Ps MADS10, a pea gene whose mutation corresponds to the
mutant vegetative1 that exhibits a unique non-flowering pheno-
type not found in model species: the secondary inflorescence
meristems are replaced by vegetative shoots (Madueño et al.,
2006). The control of floral initiation and inflorescence architec-
ture in different plant species has been reviewed by Francisco
Madueño ( Benlloch et al., 2007).

Albert Boronat (Departament de Bioquímica, U Barcelona)
leads a group of plant biochemists that have made significant
contributions for understanding isoprenoid biosynthesis. That
complex, multibranched pathway proceeds through mevalonate
synthesis to produce relevant compounds for developmental
processes such as carotenoids, gibberellins, cytokinins, abscisic
acid, and chlorophyls among others. Boronat and co-workers,
characterized the expression patterns of 3-hydroxy-3-
methylglutaryl coenzyme A reductase genes, coding for the
enzymes catalyzing the rate-limiting step of mevalonate in
Arabidopsis (Enjuto, et al., 1995). That group was reinforced by
the incorporation of Manuel Rodríguez-Concepción. They showed
the regulatory role of 1-deoxy-D-xylulose 5-phosphate synthase
gene on carotenoid biosynthesis during tomato fruit development
(Lois et al., 2000) and  demonstrated at genetic and biochemical
levels that the two pathways for isoprenoid precursors, the cyto-
solic mevalonic acid pathway and the plastidial methylerythritol
phosphate pathway, share common precursors that are inter-
changed, and that distinct light perception and signal transduction
pathways coordinate the crosstalk between cell compartments for
isoprenoid biosynthesis during the first stages of seedling devel-
opment in Arabidopsis (Rodríguez-Concepción et al., 2004; Sauret-
Gueto et al., 2006). Recently Manuel Rodríguez Concepción has
established his own laboratory at the Laboratori de Genética
Vegetal CSIC-IRTA, Barcelona).

MADS-box genes in relation to flower and fruit formation in
Solanum esculentum, a model plant of agronomic interest, have
been studied by Rafael Lozano and his laboratory (U de Almería).
They were able to correlate abnormalities in tomato flower devel-
opment with changes in expression of MADS-box genes (Lozano
et al., 1998) and to isolate SINGLE FLOWER TRUSS a gene
controlling the transition and maintenance of flowering in tomato
and to characterize  the tomato falsiflora mutant. FALSIFLORA
corresponds to the LEAFY/FLORICAULA genes of the plant
model systems Arabidopsis/Antirrhinum and controls both flower-
ing time and floral meristem identity in tomato (Molinero-Rosales
et al., 1999). Recently, Antonio Granell from IBMCP (Valencia) is
coordinating a functional genomics initiative for tomato and they
are developing breakthrough technologies such as agroinjection
of tomato fruits to carry out rapid functional analysis of transgenes
directly in fruit (Orzaez, et al., 2006). They have uncovered that
fruit set and early fruit development in tomato is controlled by a
single DELLA gene (Martí, et al., 2007). Finally, Antonio Martínez-
Laborda and Antonio Vera (U de Alicante), with the collaboration
of Cristina Ferrándiz, have carried out a smart mutant analysis to
show that leaf and fruit patterning share common regulatory
networks (Ripoll et al., 2006). According to them, pattern forma-
tion along the mediolateral axis of the ovary giving rise to three
domains, replum, valve margin and valve, is specified by the

opposing gradients of two antagonistic factors, valve factors and
replum factors, with the class I KNOX genes working as replum
factors (Alonso-Cantabrana et al., 2007).

Symmetry, organ size and shape
Pilar Cubas while working at The John Innes Centre, UK with

Enrico Coen was able to characterize at molecular level a natu-
rally occurring mutant of Linaria vulgaris, described by Linnaeus
in which the fundamental symmetry of the flower is changed from
bilateral to radial. The mutant carries a defect in Lcyc a homo-
logue of the cycloidea gene which controls dorsoventral asymme-
try in Antirrhinum. The Lyc gene was extensively methylated and
was transcriptionally silent in the mutant, and that modification is
heritable and co-segregates with the mutant phenotype. Those
observations indicate that epigenetic mutations may play a signifi-
cant role in evolution (Cubas et al., 1999). Later on, after being
incorporated into the Centro Nacional de Biotecnología, Pilar
Cubas found that the cycloidea gene is expressed asymmetrically
in floral meristems, even though they are destined to form sym-
metrical flowers as occurs in the case of Arabidopsis. That
suggested  although the flowers of the common ancestor were
probably radially symmetrical, they may have had an incipient
asymmetry evident at the level of early gene activity, which could
have been recruited many times during evolution to generate
asymmetric flowers (Cubas et al., 2001)

Root development
Studies on root development by Spanish developmental biolo-

gists are scarce. Recently, Carmen Castresana (Departamento
de Genética Molecular de Plantas, Centro Nacional de
Biotecnología, CSIC, Madrid) has proposed that oxylipins from
the 9-Lipoxygenase pathway might function in cell wall modifica-
tions required for lateral root development and pathogen arrest.
Her group has carried out the molecular genetic analysis of noxy2
(nonresponding to oxylipins2) an insensitive mutant to 9-
Hydroxyoctadecanetrienoic acid, that is a potent inducer of root
waving, and coronatine insensitive1-1 (jasmonate insensitive),
revealing that, at least three signalling cascades mediate oxylipin
actions (Vellosillo et al., 2007). Regulation of the basic mecha-
nisms of monovalent cation transport in plants is largely unknown
despite its importance for nutrient uptake, metabolism, cellular
integrity, cell death, growth and differentiation. Recently, Ramón
Serrano (IBMCP, CSIC-UPV, Valencia) and co-workers have
identified and cloned in Arabidopsis a quiescin-sulfhydryl oxidase
(QSO) regulating cation homeostasis at the root symplast-xylem
interface. A plausible mechanism of QSO action consists of the
activation of root systems loading K+ into xylem, but different from
the SKOR channel, which is not required for QSOs action (Alejandro
et al., 2007).

Tuberization
One Spanish developmental biologists who has most contrib-

uted to Plant Developmental Biology is Salomé Prat (Departamento
de Genética Molecular de Plantas, Centro Nacional de
Biotecnología, CSIC, Madrid). Tubers are modified underground
stems with very short internodes bearing scale leaves subtending
the dormant axillary buds. Tubers are unique to some Solanum
species and serve as storage organs and as a vegetative propa-
gation system. Salomé Prat isolated PHOR1 from Solanum
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tuberosum andigena, a plant forming tubers under short day
conditions. Induced leaves show up-regulation of PHOR1, an arm
repeat protein with homology to the Drosophila segment polarity
protein armadillo. Antisense PHOR1 plants are semi-dwarf and
show reduced GA responsiveness combined with a higher endog-
enous content than wild-type plants. PHOR1 was found to be a
component of GA signalling pathway that moves to the nucleus in
the presence of GA (Amador, et al., 2001). Inter-specific grafting
experiments showed that the flower-inducing and the tuber-
inducing are interchangeable. As CONSTANS gene is the most
downstream gene known for the flowering photoperiod pathway
and it is known that both the light and the internal clock regulate
the accumulation of CO, Salomé Prat carried out experiments for
the constitutive overexpression in potato of the Arabidopsis
CONSTANS gene and found out that tuberization under short day
inductive conditions was impaired. Grafting experiments showed
that CONSTANS exerts its inhibitory effect on tuber formation by
acting in the leaves, thus interfering with the production or
transport of the tuberization stimulus to the underground stolons.
Prat and co workers proposed that a conserved photoperiodic
functional module, that includes CONSTANS, may be involved in
controlling distinct photoperiod responses through the production
of long distance acting florigen-tuberigen signal in the leaves
(Martínez-García, et al., 2002). For a more detailed vision of
Salomé Prat contribution to the understanding of tuber develop-
ment, see Rodríguez-Falcón et al., (2006) and references therein.
Recently, Salomé Prat and co-workers have reported on the
central role of the nuclear transcription factor PIF4 (PHYTO-
CHROME INTERACTING FACTOR 4) in the positive control of
genes mediating cell elongation and on the negative regulation of
this factor by the light photoreceptor phyB and by DELLA proteins,
with a key repressor function in GA-signalling, offering to the
reader a molecular framework for light and gibberellin control of
cell elongation (De Lucas et al., 2008).

Circadian clock and regulation of development by light
Paloma Más (Laboratori de Genètica Molecular Vegetal, CSIC-

IRTA, Barcelona) is a very promising scientist belonging to what

I have called the third generation of Spanish plant developmental
biologists. While she was working in The Scripps Research
Institute with Steve A. Kay, made relevant contributions for the
understanding of the molecular bases of the circadian clock in
Arabidopsis thaliana. They provided genetic and molecular evi-
dence for the interaction of TIMING OF CAB EXPRESSION1
(TOC1) and ZTL, which is probably responsible for the regulation
of circadian period by the clock (Más et al., 2003a). Together with
David Alabadí and Steve Kay, they showed that TOC1 plays a
dual role in the control of circadian and photomorphogenic re-
sponses (Más et al., 2003b). Moreover, Paloma Más was able to
show the genetic interaction that occurs between the Arabidopsis
photoreceptors phyB and cry2 in the control of flowering time,
hypocotyl elongation and circadian period by the clock (Más et al.,
2000). Despite the importance of circadian clock function on plant
growth and development, the mechanisms for regulation of oscil-
lator expression remain poorly understood. Paloma Más has
established a laboratory in Barcelona devoted to the study the
biological clock in Arabidopsis (Perales et al., 2006) and, espe-
cially, the molecular basis of the regulation of TOC1 expression.
She has shown that the circadian clock regulates the rhythmic
changes in histone acetylation-deacetylation at the TOC1 pro-
moter and that the circadian binding of the clock component
CIRCADIAN CLOCK ASSOCIATED1 (CCA1) facilitates the re-
versible switch between a transcriptionally permissive chromatin
state and a repressive chromatin compaction at the TOC1 locus
(Perales and Más, 2007). Isabel Allona and Cipriano Aragoncillo
(Departamento de Biotecnología, U Politécnica de Madrid) have
studied the winter disruption of the circadian clock in chesnut
(Ramos et al., 2005). They used as marker genes CsTOC1 and
CsLHY which are homologous to essential components of the
circadian oscillator in Arabidopsis. Those two genes cycled daily
as expected during vegetative growth both in chestnut seedlings
and adult plants. During winter dormancy the mRNAs levels of the
marker genes were high and did not oscillate. The normal cycle
was resumed when endodormant or cold-treated plants were
returned to 22ºC. The behaviour of CsTOC1 and CsLHY during a
cold response revealed an aspect of clock regulation not yet

Fig. 5. Localization of the largest Centres of Research devoted to Plant Developmen-

tal Biology within the Spanish geography.

described in Arabidopsis. Jaime Martínez-García
(Laboratori de Genètica Molecular Vegetal, CSIC-
IRTA, Barcelona) working with Peter Quail in
Berkeley, USA made important contributions for
the understanding of transduction of light signals
through photoreceptors into photoresponsive
genes. They reported that the basic helix-loop-
helix transcription factor PIF3 binds specifically to
a G-Box DNA sequence motif which is present in
various light-regulated gene promoters and that
phytochrome B binds reversibly to G-box-bound
PIF3 specifically upon light-triggered conversion
of the photoreceptor to its biologically active form
(Martínez-García et al., 2000). Currently, Jaime
Martínez-García leads a group that has reported
the identification of primary target genes of phyto-
chrome signalling using shade avoidance re-
sponses in Arabidopsis as an experimental ap-
proach (Roig-Vilanova et al., 2006). Recently,
they have functionally characterized PAR1 and
PAR2, two Arabidopsis thaliana genes which inte-
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grate shade and hormone transcriptional networks, rapidly con-
necting phytochrome-sensed light changes with auxin respon-
siveness (Roig-Vilanova et al., 2007). José A. Jarillo while he was
working with Joseph E. Ecker and Anthony Cashmore (U Penn-
sylvania, USA), studied the molecular bases of chloroplast migra-
tion towards illuminated sites to optimize photosynthesis and
described that the Arabidopsis NPL1 gene is required for chloro-
plast relocation induced by blue light (Jarillo et al., 2001a).
Furthermore, he was able to isolate ADAGIO, a component of the
Arabidopsis circadian system of Arabidopsis, a gene which inter-
acts with the photoreceptors CRYI and PHYB (Jarillo et al.,
2001b). Recently, he carried out the functional characterization of
ESD1, a protein factor regulating FLC accumulation in Arabidopsis
(Martín-Trillo et al., 2006).

Signal transduction and hormone action
Javier Paz-Ares, a disciple of Francisco García Olmedo UP

Madrid and Heinz Saedler, is perhaps the Spanish plant scientist
more qualified for leading large plant initiatives. He directed the
Departmento de Genética Molecular de Plantas of the Centro
Nacional de Biotecnología, CSIC, Madrid and he has coordinated
several international and national research programs dealing with
functional genomics of transcription factors in Arabidopsis thaliana.
Further, one of the most promising Spanish plant scientists,
Roberto Solano, initiated his career under the supervision of
Javier Paz Ares. A product of the activity of Javier Paz-Ares was
the characterization of the R2R3-MYB regulatory gene family,
describing the existence, at that moment, of more than 85 mem-
bers. That gene family shares with the MADS-box gene family the
fact they probably contain  more than one hundred members in
plants while in organisms from other phyla just a few of them are
present (Romero, et al., 1998). These large size gene families,
likely contribute to the regulatory flexibility underlying the devel-
opmental and metabolic plasticity displayed by plants. During the
last years Javier Paz-Ares has focused his research towards
signalling during phosphate starvation in plants. He and co
workers from the Departamento de Biotecnología U Politécnica
de Madrid, cloned At ACP5 coding for a type 5 acid phosphatase
that is induced by phosphate starvation and it could be involved
in phosphate mobilisation (Del Pozo et al., 1999). Paz-Ares
cloned PHR1 a MYB transcription factor related to the PSR1 gene
from Chlamydomonas reinhardtii. Those transcription factors
were found to bind as a dimer to an imperfect palindromic
sequence. PHR1-binding sequences are present in the promoter
of Pi starvation-responsive structural genes, which indicate that
this protein acts downstream in the Pi starvation signalling path-
way (Rubio et al., 2001). Recently, they have proposed a new
mechanism, named mimicry, for the regulation of microRNA
activity in plants based on the observation that the non-coding
sequence of the gene INDUCED BY PHOSPHATE STARVA-
TION 1 (IPS1) contains a motif with sequence complementarity to
the phosphate (Pi) starvation-induced miRNA miR-399. How-
ever, the complementary pairing is interrupted by a mismatched
loop at the expected miRNA cleavage site. They have shown that
IPS1 sequesters instead of being cleaved miR-399, therefore
IPS1 overexpression lead to an increased accumulation of the
miR-399 target PHO2 mRNA and concomitantly the shoot Pi
content is reduced. Engineering of IPS1 to be cleavable abolish
its inhibitory activity on miR-399 (Franco-Zorrilla et al., 2007).

Jasmonates are essential phytohormones for plant develop-
ment. However, the molecular details of their signalling pathway
remain unknown. Recently, Roberto Solano (Departmento de
Genética Molecular de Plantas of the Centro Nacional de
Biotecnología, CSIC, Madrid) has identified JASMONATE-IN-
SENSITIVE 3 and a family of related proteins named JAZ
(jasmonate ZIM-domain) as direct targets of the SCF COI1 E3
ubiquitin ligase and that jasmonate treatment induces their
proteasome degradation. Further, JAI3 negatively regulates MYC2,
the key transcriptional activator of jasmonate responses (Chini, et
al., 2007).

David Alabadí (IBMCP, CSIC-UPV, Valencia), who worked
together with Miguel Angel Blázquez and José Luis García-
Martínez, discovered a role for GAs in the repression of photomor-
phogenesis in darkness. Plants can undergo two different devel-
opmental programs depending on whether they grow in darkness
(skotomorphogenesis) or in light (photomorphogenesis). The
transition between the two pathways is tightly regulated. Alabadí
and co-workers described that Arabidopsis plants with reduced
GA levels show characteristics of light-grown plants when grown
in darkness, including loss of the apical hook, inhibition of hypo-
cotyl growth, cotyledon opening, and miss-regulation of light-
controlled genes and proved at the same time that those pheno-
types appeared to be conserved among different plant species
(Alabadí et al., 2004). Miguel Angel Blázquez (IBMCP, CSIC-
UPV, Valencia), leads a group that has recently showed auxin
signalling in Arabidopsis is mediated by the transcriptional regu-
lation of gibberellin metabolism genes (Frigerio et al., 2006).
Josep Casacuberta (Laboratori Genètica Molecular Vegetal,
Barcelona) has described a putative new mechanism for signal-
ling in maize through atypical receptor protein kinases. That
mechanism includes the direct activation of MIK, a center kinase
(GCK)-like kinase, by MARK, a maize atypical receptor kinase
(Llompart et al., 2003). Juan Carlos del Pozo, while he was
working with M. Estelle, USA reported that the auxin response in
Arabidopsis depends on the activation of members of the RUB
family of ubiquitin- related nuclear proteins (Del Pozo et al., 1998).
Monica Pernas while working with José Juan Sánchez-Serrano
(Departmento de Genética Molecular de Plantas, CSIC, Centro
Nacional de Biotecnología, CSIC, Madrid) has reported that the
catalytic subunit of a protein phosphatase 2A functions as a
negative regulator of abscissic acid signalling, and that ABA
antagonistically regulates the expression and the activity of this
phosphatase 2A subunit, thus allowing plant sensitivity to the
hormone to be stopped after induction (Pernas et al., 2007).
Finally, Cristina Ferrándiz (IBMCP CSIC-UPV, Valencia) leads a
molecular genetic group currently investigating gynoecium pat-
terning, including the role of auxins and novel genes (Balanzá et
al., 2006).

Cell cycle, chromatin modification and plant development
Crisanto Gutierrez (Centro de Biología Molecular, CSIC, Madrid)

has established a laboratory studying the coupling mechanisms
between cell proliferation and development in plants (Gutierrez,
2005 and references therein). They have described the role of the
retinoblastoma/E2F pathway during Arabidopsis leaf develop-
ment (Desvoyes et al., 2006). Cell proliferation and cell fate,
growth and differentiation, are strictly coupled processes during
plant development. The expression pattern of the homeobox
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GLABRA gene determines hair/non-hair cell fate in Arabidopsis
root epidermis if both, the appropriate signalling of positional
information from the underlying cortical layer is produced, and the
complex transcriptional regulation including changes in chroma-
tin accessibility happens. Crisanto Gutierrez investigated the
molecular links between the processes described above and cell
division. They have identified GEM, a GL2-expression modulator
as an interactor of CDT1, a DNA replication protein, and shown
that GEM participates in the maintenance of the repressor histone
H3H9 methylation status of root patterning genes. This provides
a molecular connection between cell division, fate and differentia-
tion during Arabidopsis root development (Caro et al., 2007).

The inheritance of gene transcriptional status depends on the
existence of epigenetic chemical modifications in the chromatin
and DNA not eliminated during mitosis. Functionally one can
distinguish different chromatin modifiers such as histone chaper-
ones, histone modification enzymes and ATP-dependent chro-
matin remodelling enzymes. José Carlos Reyes, IBVF (Sevilla)
has made significant contributions to this area. His group has
characterized the Arabidopsis nuclear protein BRAHMA (At BRM)
which is homologous to the Brahma ATPase belonging to the
SWI/SNF chromatin remodelling complex of Drosophila. By means
of RNA interference, they showed that the silenced plants flower
earlier than wild-type plants and that the levels of CONSTANS, FT
and SOC1 trascripts were up-regulated under non-inductive
conditions suggesting that AtBRM is a repressor of the photope-
riod-dependent flowering pathway (Farrona et al., 2004). They
have also isolated SE, a protein forming part of the SWR1/SRCAP
chromatin remodelling complex, which is required for flowering
repression (March-Díaz et al., 2007). Teresa Roldán-Arjona
(Departamento de Genética, Universidad de Córdoba) has re-
ported the participation of DEMETER (DME) and REPRESSOR
OF SILENCING1 (ROS1), two Arabidopsis thaliana genes en-
coding closely related DNA glycosylase domain proteins, in DNA
demethylation. Mutants in DME or ROS1 have pleiotropic pheno-
types, including slow growth, aborted seeds and hypermethylation.
(Morales-Ruíz et al., 2006). Progress in the understanding of the
regulation of DNA demethylation in plants will open new crucial
perspectives in the mechanisms of many developmental pro-
cesses in the near future.

Concluding remarks

The last decades have been a flourishing time for the study of
Plant Developmental Biology in Spain. From a non-existing disci-
pline, nowadays we have a small but highly qualified community
devoted to plant developmental studies. Besides excellent groups
of  plant developmental biologists established at many universi-
ties, several Centres in which excellent progress in plant develop-
mental biology is being accomplished, CNB and CBGP in Madrid,
LGMV, CSIC-IRTA in Barcelona, IBMCP, CSIC-UPV in Valencia
and IBVF, CSIC-USE in Sevilla are already consolidated in Spain
although they still have the potential to grow more. Contributions
by Spanish scientists to Plant Developmental Biology appear
imbalanced towards molecular biology approaches of reproduc-
tive biology despite the vigour of the groups which investigate leaf
and other vegetative developmental processes. Molecular genet-
ics, including quantitative genetics approaches are more scarce,
while genomic strategies, applied only in part to  plant develop-

mental processes, has been restricted and with very limited public
financial support, to Arabidopsis thaliana, Solanum Lyicopersicon,
Cucumis melo, Citrus clementina and Vitis vinifera. Together with
senior scientists already established in Spanish laboratories, the
high number of young scientists which have made outstanding
contributions to Plant Developmental Biology while they were
abroad, just returned or in the process to come back to Spain,
make us highly optimistic about the future of this field of research.
However, we must provide them with the appropriate conditions
to develop their imagination and creativity in order to open new
areas of research, incorporate technological breakthroughs into
their laboratories and carry out cooperative research by means of
networking. The Spanish Plant Developmental Network that
groups together the researchers cited in this paper organizes joint
meetings, every two years, in which members discuss on com-
mon strategies to support Plant Developmental Biology research
in Spain. Currently, the Network is coordinated by Jaume Martínez-
García, Paloma Más, Soraya Pelaz y Pep Casacuberta from
LGMV, CSIC-IRTA and the last meeting was programmed for
February 2008 in Barcelona.

Please note
The space available in this review is not sufficient to cover exhaus-

tively the contributions of all scientists whose activities could be consid-
ered close to Plant Developmental Biology. The members of the Spanish
Network of Developmental Biologists, Ministry of Education and Science,
were selected to trace their activities as the core of this scientific
community. Even in the case of all scientists mentioned here, it is
impossible to cite all their important contributions. The author wants to
apologize to all the scientists who think that their work has not been
properly recognized in this paper and assumes the responsibility of
highlighting their more relevant scientific contributions.
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