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The role of the endosperm in Arabidopsis early post-embryonic 
development 
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15.15 h : Roberto Solano (CNB, Madrid) 

Evolutionary divergence in the bioactive jasmonate in land plants 
15.35 h : Juan Carlos del Pozo (CBGP, Madrid) 

New insights in the root responses to phosphate starvation 
15.55 h : José León (IBMCP, Valencia) 

Nitric oxide-triggered responses require the biosynthesis, perception 
and signaling of several phytohormones 

16.15 h : Inmaculada Sánchez-Vicente y María Guadalupe Fernández-Espinosa 
(CIALE, Salamanca) 
S-nitrosylation of bZIPs by nitric oxide modulates early plant 
developmental stages 

16.30 h : Marina Pérez-Llorca (U. de Barcelona) 
Inter-individual and sun orientation driven variability reveals 
antagonistic salicylate and jasmonate accumulation in white-leaved 
rockrose 

16.45 h : Julia Pastor (U. Jaume I, Castellón) 
Peptide hormone Systemin in plant-induced resistance 
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impact on seed germination 
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Cell-cycle regulators mediate DELLA separable roles during inflo-
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Independent roles of DELLAs in growth repression and abiotic stress 
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The Dof-type transcription factor ZF4 regulates primary metabolism, 
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Gibberellins negatively modulate ovule number in plants 
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Plant-mediated effects of water deficit on the performance of 
Tetranychus evansi on tomato drought-adapted accessions 
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Evolutionary divergence in the bioactive jasmonate in land plants 
 
Isabel Monte and Roberto Solano 
Genética Molecular de Plantas, CNB-CSIC, Madrid 
 
The phytohormone jasmonoyl-isoleucine (JA-Ile) regulates defense, growth and 
developmental responses in vascular plants. Bryophytes have conserved sequences 
for all JA-Ile signaling pathway components but lack JA-Ile. We show that, in 
spite of 450 million years of independent evolution, the JA-Ile receptor COI1 is 
functionally conserved between the bryophyte Marchantia polymorpha and the 
eudicot Arabidopsis thaliana but COI1 responds to different ligands in each 
species. We identified the ligand of Marchantia MpCOI1 as two isomeric forms of 
the JA-Ile precursor dinor-OPDA (dinor-cis-OPDA and dinor-iso-OPDA). We 
demonstrate that AtCOI1 functionally complements Mpcoi1 mutation and confers 
JA-Ile responsiveness and that a single-residue substitution in MpCOI1 is 
responsible for the evolutionary switch in ligand specificity. Our results identify 
the ancestral bioactive jasmonate and clarify its biosynthetic pathway, demonstrate 
the functional conservation of its signaling pathway, and show that JA-Ile and 
COI1 emergence in vascular plants required co-evolution of hormone biosynthetic 
complexity and receptor specificity. 
  



New insights in the root responses to phosphate starvation 
  
Juan C. del Pozo1 Angela Saez1,2, Javier Silva-Navas1, Carlos Conesa1, 
Sara Navarro-Neila1, Jose M. Garcia-Mina3, Angel M. Angel M. 
Zamarreño3,  Roberto Baigorri2, Pilar Hoyos4, Maria J. Hernaiz4 
1 Centro de Biotecnología y Genómica de Plantas. INIA, Madrid, Spain. 2CIPAV, 
TimacAgro Int-Roullier-Group, Orcoyen, Spain; 3Environmental Biology, University 
of Navarra, Navarra, Spain. 4Departamento de Química Orgánica y Farmacéutica, 
Facultad de Farmacia, UCM, Spain 
 
Root system development and responses to environmental changes are crucial for 
whole plant adaptation. Deficiency of phosphate (Pi), an essential macronutrient, 
restricts plant growth and production. Root are underground organs that must grow 
in darkness. Until now, responses to Pi starvation have been mainly analyzed in 
light-grown roots seedlings. Here, we show that root illumination significantly 
modified the Pi-starvation response at the molecular, physiological and 
morphological level. Analyzing dark-grown roots plants, we identified many 
transcripts that were not previously described as Pi-starvation response (PSR) 
genes. A quantitative hormonal analysis show that Pi-starved plants accumulated 
higher levels of cis-Zeatin (cZ) than trans-Zeatin (tZ). Morphological and 
transcriptomic analyses demonstrated that cZ induces the typical cytokinin 
response but maintaining higher rates of cell division and root growth as well as 
increasing root hair length under low-Pi. Thus, we postulate cZ as Pi-starvation 
response hormone that stimulates root growth and root hairs elongation as well as 
P-organic mobilization to accumulate free Pi in roots.  
A root metabolomic analysis identified a metabolite (BiAux) that significantly 
increased its levels during Pi starvation. BiAux was synthesized in vitro and its 
application significantly increased the number of lateral roots and total root system 
in Arabidopsis and tomato. Molecular analyses show that BiAux induced genes 
related to Pi starvation and regulated auxin signaling by controlling Aux/IAA 
degradation. Taken together, BiAux might be a second messenger of Pi starvation 
signaling response. 
   



NITRIC OXIDE-triggered responses require the biosynthesis, 
perception and signaling of several phytohormones 
 
MariCruz Castillo, Álvaro Costa-Broseta, José León 
IBMCP (Development and Hormone Action Dpt.), CSIC-UPV 
 
Nitric oxide (NO) influences plant biology by regulating developmental and stress-
triggered responses. However, the way plants sense NO and accomplish 
downstream responses is still largely unknown. We previously reported a 
mechanism involving the N-end rule pathway mediated degradation of the group 
VII of ERF transcription factors (ERFVIIs) to function as a NO sensor. 
Plants exposed to a short acute pulse of exogenous NO displayed transcriptome 
changes by 30 min after exposure, but transcriptome alterations were more 
extensive by one hour. The NO-responsive transcriptome was enriched in hormone 
homeostasis- and signaling-related genes thus suggesting phytohormones may be 
targets of NO action and/or intermediates in NO-triggered responses. A functional 
assay based on the NO-induced inhibition of hypocotyl elongation in etiolated 
seedlings of several phytohormone-related mutants, allowed us suggesting that 
ethylene perception and signaling, strigolactone biosynthesis and signaling, and 
salicylate production and accumulation are essentials for hypocotyl NO sensing. 
Moreover, NO seems to inhibit also the hypocotyl elongation through the positive 
and negative regulation of some ABA receptors and brassinosteroid signaling 
encoding genes, respectively, thus potentially involving also these hormones in 
NO sensing. In order to delve onto the connection between hormone- and ERFVII- 
related NO sensing mechanisms, NO treatment and genome-wide transcriptome 
analyses of plants conditionally expressing one of the ERFVII members, RAP2.3, 
were performed. Enhanced RAP2.3 expression largely attenuated the 
transcriptome changes upon exposure to NO, thus acting as a brake for many NO-
triggered responses that include the activation of jasmonate and ABA homeostasis 
and signaling. 
  
  
  



S-Nitrosylation of Bzips by Nitric Oxide (NO) modulates early plant 
developmental stages 
  
Inmaculada Sánchez Vicente1, María Guadalupe Fernández-Espinosa1, 
Pablo Albertos1,2, Isabel Mateos1, Isabel Manrique1, Oscar Lorenzo1 
1 Dep of Botany and Plant Physiology, CIALE, School of Biology, U Salamanca.  
2 Biotechnology of Horticultural Crops, TU München. Freising, Germany 
Corresponding author: Oscar Lorenzo (oslo@usal.es) 
  
Nitric oxide (NO) is a key gasotransmitter able to switch phytohormonal pathways 
at multiple levels, through transcriptional regulation or post-translational 
modification of key components1. NO exerts its effects mainly by specific and 
highly regulated reversible S-nitrosylation, which in turn modifies protein activity 
and function2. The identification of NO targets is essential to understand cellular 
redox-regulation and the physiological role of this molecule in plants. To this end, 
bZIP (basic region/leucine zipper) transcription factors (TFs) regulate diverse 
biological processes such as pathogen defense, light and stress signaling, flower 
development, seed maturation and germination3. Among them, ABI5 (ABA-
INSENSITIVE 5)4 and TGA1 (TGACG motif binding factor 1)5 are regulated by 
NO. We first focused on NO networks during the control of seed maturation, 
dormancy and germination by complex redox mechanisms including the reversible 
S-nitrosylation of bZIPs implicated in ABA signaling4 and storage regulation6. 
Our results highlight an opposite regulation between ABI5 and bZIP67 homologs 
by NO. Additionally, transdenitrosylation of bZIP67 controlled by redoxins 
impairs seed fatty acid accumulation, leading us to deepen on the NO role during 
seed maturation and germination. Our previous research uncovered the relevance 
of NO in the regulation of root apical meristem and stem cell decisions7,8. Thus, 
PERIANTHIA (PAN), a member of the TGA group of bZIP TFs, has been 
identified as an important molecular regulator of root development and quiescent 
center function9. Here, we investigate the involvement of PAN in root 
development and stem cell maintenance linked to NO by using loss- and gain-of-
function PAN lines in the presence and absence of NO. Furthermore, in silico and 
in vitro analysis of specific Cys residues after GSNO treatment highlighted PAN is 
S-nitrosylated. Currently, in vivo protein modifications and putative PAN-
regulated direct targets are under study. 
1Sanz L, et al. (2015). J. Exp. Bot. 66, 2857-2868. 
2Kneeshaw S, et al. (2014). Mol. Cell 56, 153-162. 
3Jakoby M, et al. (2002). Trends Plant Sci. 7, 106-111. 
4Albertos P, et al. (2015). Nat. Commun. 6, 8669. 
5Lindermayr C, et al. (2010). Plant Cell 22, 2894. 
6Mendes A, et al. (2013). Plant Cell 25, 3104-16. 
7Fernández-Marcos M, et al. (2011) PNAS 108, 18506. 
8Sanz L, et al. (2014) Plant Physiology 166, 1972. 
9de Luis Balaguer MA, et al. (2017) PNAS 114, E7632. 
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Inter-individual and sun orientation driven variability reveals 
antagonistic salicylate and jasmonate accumulation in white-leaved 
rockrose 
 
Marina Pérez-Llorca, Andrea Casadesús, Maren Müller, Sergi Munné-
Bosch 
Biologia Evolutiva, Ecologia i Ciències Ambientals. U Barcelona 
 
Salicylates and jasmonates may act synergically or antagonically depending on the 
plant growth conditions, biotic and abiotic stress factors to which plants are 
exposed to, and the tissue and plant species evaluated. Although possible tradeoffs 
between salicylate and jasmonate accumulation have been documented in model 
plants, information is still scarce in Mediterranean plant species, particulary in 
studies considering plants growing in their natural habitat. We evaluated to what 
extent inter-individual variability, sun orientation and diurnal variations in 
environmental conditions modulate not only the accumulation of salicylic acid and 
jasmonates (both free and conjugated forms), but also the contents of abscisic acid, 
hydrolyzable tannins and free phenolics, in white-leaved rockrose (Cistus albidus 
L.), a semi-deciduous shrub typically found in the Mediterranean basin. We found 
that jasmonates, most particularly the biologically active jasmonoyl-isoleucine and 
the jasmonic acid precursor, 12-oxo-phytodienoic acid showed a much more 
marked inter-individual variability than salicylic acid, abscicic acid, hydrolyzable 
tannins and free phenolics. East orientation reduced both salicylic acid and 
abscisic acid contents, while increased the accumulation of both jasmonates and 
hydrolyzable tannins, without affecting abscisic acid and total free phenolic 
contents. Furthermore, salicylic and jasmonates contents, in particular those of 12-
oxo-phytodienoic acid, changed throughout the day, while those of abscisic acid, 
hydrolyzable tannins and free phenolics remained constant. We conclude that (i) 
inter-individual variability and sun orientation, but not diurnal variations in 
environmental conditions, influence antagonistically salicylic and jasmonates 
accumulation, (ii) the tradeoff between salicylic acid and jasmonates, when it 
occurs, is more apparent with 12-oxo-phytodienoic acid than with jasmonoyl-
isoleucine, and (iii) 12-oxo-phytodienoic acid contents correlate positively with 
the accumulation of hydrolyzable tanins and negatively with total phenolics, in 
white-leaved rockrose. 
  



Peptide hormone Systemin in plant-induced resistance 
 
Pastor-Fernández J, Sanmartín N, Fontanet-Manzaneque J, Sánchez-Bel 
P, Pastor V, Mateu D, Flors V. 
Metabolic Integration and Cell Signaling Laboratory, Plant Physiology Section, 
Department of Ciencias Agrarias y del Medio Natural, Universitat Jaume I, 
Castellón. 
 
Peptides are plant regulators that participate in the modulation of almost any plant 
physiological event; from plant growth and development to plant defense. 
Recently many of these peptides have been described as defence elicitors that 
actuate as Damage-Associated Molecular Patterns (DAMPS). They can be 
released upon pest or pathogen attack, triggering a cascade of defences. This is the 
case of Systemin, which induces the accumulation of Protease Inhibitors (PIs) in 
response to wound and herbivory and release of volatiles that attract pest natural 
enemies.  
In the present work we show evidences of possible mechanisms behind Systemin-
induced resistance (SysIR). Firstly, we found that exogenous Systemin increased 
plant resistance against the necrotrophic fungal pathogen Botrytis cinerea in 
tomato plants. This induction of resistance was due to the stimulation of the plant 
immune system, since antifungal in vitro assays revealed that Systemin has not 
antifungal activity itself. Secondly, changes in endogenous levels of Systemin also 
altered the defense response against this pathogen. We determined that Sys-IR is 
JA dependent and could be explained by an enhanced accumulation of callose in 
leaves following infection, among other plant defenses. Besides, we also studied 
the overall impact of Systemin treatment in the whole plant proteome. At last, we 
found that the peptidic hormone Systemin is perceived by the taxonomically 
distant species Arabidopsis thaliana. Bioassays showed that Sys-IR is also 
functional in the pathosystem Arabidopsis thaliana-Plectosphaerella cucumerina 
leading to reduced disease severity.   
 
  



A regulatory module controlling endosperm cell expansion with an 
impact on seed germination. 
  
Rocío Sánchez-Montesino1, Laura Bouza-Morcillo1, Julietta Marquez2, 
Melania Ghita2, Salva Duran-Nebreda3, Luis Gómez1,4, Michael 
Holdsworth2, George Bassel3 and Luis Oñate-Sánchez1* 
1Centro de Biotecnología y Genómica de Plantas, (Universidad Politécnica de 
Madrid –Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria), 
Campus de Montegancedo, Pozuelo de Alarcón, 28223, Madrid, Spain.  
2School of Biosciences, University of Nottingham, Loughborough LE12 5RD, UK. 
3School of Biosciences, University of Birmingham, Birmingham B15 2TT, UK 
4Departamento de Sistemas y Recursos Naturales, E.T.S.I. Montes, Forestal y del 
Medio Natural, Campus de Moncloa, 28040 Madrid, Spain. 
*Corresponding author: Luis Oñate-Sánchez (luis.onate@upm.es) 
  
Arabidopsis seed germination is an excellent system to study growth regulatory 
mechanisms since the developmental transition from seed to seedling is driven 
exclusively by cell shape change in the absence of cell division. A key component 
of seed germination is the interplay of mechanical forces governing embryo 
growth and the surrounding restraining endosperm tissue. Here we demonstrate 
that endosperm cell expansion is a key component of germination. Gibberellins 
(GAs) are plant hormones that positively regulate endosperm function in the 
germination process, and DELLA proteins repress responses to these hormones. 
We have found that two NAC transcription factors (NAC25 and NAC1L), when 
released from repression by the RGL2 DELLA protein, perceive appropriate 
signals from embryo and activate the expression of a cohort of cell-wall 
remodeling enzymes (CWREs) required for expansion of the endosperm. Our 
results suggest a regulatory model where RGL2 blocks GA-signaling in the 
endosperm by sequestering NACs. Upon imbibition, a signal from embryo and/or 
GA biosynthesis destabilizes RGL2 and releases NACs to activate CWRE gene 
expression, having an impact on endosperm cell elongation by accommodating 
embryo growth and facilitating radicle protrusion (germination “sensu stricto”). 
This provides an important insight into the regulatory processes underpinning the 
seed to seedling transition in plants. 
  
This work was supported with grants to L.O.-S by the Spanish Ministry of Economy and 
Competitiveness (BIO2013-46076-R and BIO2016-77840-R), by the Biotechnology and 
Biological Sciences Research Council [grant numbers BB/J017604/1, BB/L010232/1, 
BB/N009754/1, BB/G02488X/1] to MJH and GWB, and Leverhulme Trust Grant RPG-
2016-049 to GWB together with SDN. 
  



Cell-cycle regulators mediate DELLA separable roles during 
inflorescence development 
 
Antonio Serrano-Mislata1, Sherezade Ortíz-Villajos Cano1, Robert 
Sablowski 2, David Alabadí1, Miguel Ángel Blázquez1 
1 Instituto de Biología Molecular y Celular de Plantas (CSIC-UPV), Valencia, Spain 
2 John Innes Centre, Norwich, United Kingdom 
 
DELLA proteins are central regulators of plant growth in response to the 
environment. When plants encounter any type of stress, DELLAs orchestrate the 
response by favouring the defence mechanism and decreasing growth rates. 
DELLA activity relies on interaction with a large set of proteins (mostly 
transcription factors) involved in many different processes like cell cycle, cell 
expansion or response to biotic and abiotic stress. As a consequence, DELLA 
mutants are highly pleiotropic and, from an agronomical point of view, it would be 
desirable to separate DELLA functions, i.e. to be able to alter a specific trait of 
interest without secondary effects. 
The shoot apical meristem (SAM) gives rise to all of the above-ground organs of 
the plant: stem, leaves and flowers. We have recently shown that DELLA proteins 
restrain SAM growth and activity (Serrano-Mislata et al., 2017). In Arabidopsis, 
this DELLA function correlated with direct upregulation of the CDK-inhibitor 
KRP2, a negative regulator of cell cycle progression, and was genetically 
separable from the well-known role of DELLAs in stem elongation. Therefore, 
KRP2 loss-of-function was sufficient to recover SAM size, but not stem growth, 
and promote flower production in DELLA semi-dwarf backgrounds. 
Besides KRP2, ChIP-seq analysis showed DELLA binding to genomic regions in 
the vicinity of SMR1, another CDK-inhibitor from a different family. We have 
observed that SMR1 loss-of-function largely restores the defect on stem elongation 
of Arabidopsis mutants with constitutive DELLA signalling, such as gai-1D. 
Interestingly, the defence response mediated by DELLAs is not apparently 
compromised by increased inflorescence growth in gai-1D smr1 plants.  
Altogether, our work indicates that it is possible to separate the different processes 
regulated by DELLA proteins during inflorescence development and supports that 
manipulating CDK-inhibitors activity is an efficient strategy to uncouple the 
growth-defence trade-off in DELLA semi-dwarf mutants. 
 
Serrano-Mislata A, Bencivenga S, Bush M, Schiessl K, Boden S, Sablowski R. DELLA 
genes restrict inflorescence meristem function independently of plant height. Nature Plants. 
2017; 3: 749-754 



Independent roles of DELLAs in growth repression and abiotic-stress 
tolerance 
  
Pilar Lasierra, Alejandro Navarro-Galiano, Cristina Martínez, Salomé Prat 
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Gibberellins (GA) are plant hormones with a fundamental role in plant growth and 
development. Regulation by these hormones depends on degradation of the 
DELLA proteins, with a master regulatory role in suppressing GA-regulated gene 
expression. DELLAs suppress growth by binding the DNA-recognition motif and 
interfering with DNA-binding activity of the bHLH PIF4, PIF5, and BES1/BZR1 
factors, with a central role in cell elongation. DELLA repressors were also 
suggested to increases tolerance to environmental stresses by activating another set 
of regulators, through interaction with a different region than the DNA-recognition 
domain. Although examples for this regulation were reported in recent years, 
DELLA partners with a role in conferring increased stress tolerance are little 
elucidated. 
We identified 32 lines over a collection of 500 transcription factors that confer 
tolerance to salt when over-expressed even in the presence of GAs. More than half 
of the identified factors interacted with the DELLA, hence suggesting a role of 
these factors in DELLA-dependent stress tolerance. We selected among these 
factors the homeodomain WOX9, which had not been previously associated with 
salt stress, and will provide evidence showing that increased salt tolerance of over-
expressers depends on their altered sensitivity to cytokinins (CK). By mapping the 
DELLA domain responsible for WOX9 binding, we showed that WOX9, as well 
as more than half of the newly identified factors interacted with the DELLAs 
through a different domain from the LHRI motif, involved in PIFs interaction. 
This suggested that mutations in the LHRI motif possibly impair interaction with 
PIFs, but not the stress-related regulators. These DELLA variants are expected to 
increase stress-tolerance without a penalty on biomass production, and thus be of 
great potential in improving crops adaptation to a changing environment.  
  
This work was supported by grants BIO2014-60064-R and BIO2017-90056-R from the 
Spanish Ministerio de Economía y Competitividad. 
  
  
  
  
  
  



The Dof-type transcription factor ZF4 regulates primary metabolism, 
sink strength and GA4 gibberellin biosynthesis in tomato fruit 
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Fruit growth and development involves elaborate physiological and biochemical 
processes and requires the interplay of numerous gene regulatory networks that are 
associated with hormonal control mechanisms during its ontogeny. Tomato 
(Solanum lycopersicum L.) is one of the most cultivated vegetable crop and is an 
established model for studying fruit biology. Although several efforts have been 
made to identify genes involved in the determination of key fruit traits related to 
quality, development and size, little is known about the regulatory genes 
controlling the diverse processes occurring, especially during growth. In this work, 
we identified the ZF4 gene, a Dof-type transcription factor, showing high 
expression levels specifically in fruit tissues at green and red stages. To investigate 
its role in fruit physiology, we generated tomato plants overexpressing the ZF4 
genes specifically in the fruit, and observed that the total yield of the obtained 
plants increased based on higher amount of both water and dry matter of the fruits. 
Besides, the higher amount of biomass partitioned to the fruit is related to the 
higher sink strength of the fruit based on higher activity of sucrose-metabolising 
enzymes during the fast-growing green phase. In addition, quantitative analyses 
showed higher GA4 gibberellin accumulation in the fruit of the transgenic lines. 
Finally, the overexpression of ZF4 also promoted changes in the levels of carbon 
and nitrogen compounds related to fruit quality. Overall, our results unveils ZF4 as 
putative key factor controlling tomato fruit growth and composition. 
This work has been funded by INIA (RTA2015-00014-C02) 
  



Gibberellins negatively modulate ovule number in plants 
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Ovule formation is a complex developmental process in plants with a strong 
impact on the production of seeds. Ovule primordia initiation is controlled by a 
gene network, including components of the signaling pathways of auxin, 
brassinosteroids (BRs) and cytokinins. In contrast, gibberellins (GAs) and their 
signaling negative regulators DELLA proteins have never been shown to be 
involved in ovule initiation. Here we provide molecular and genetic evidences that 
point to DELLA proteins as novel players in the determination of ovule number in 
Arabidopsis and in species of agronomic interest like tomato and rapeseed, adding 
a new layer of complexity to this important developmental process. DELLA 
activity correlates positively with ovule number, acting as a positive factor for 
ovule initiation. In addition, ectopic expression of a dominant DELLA in the 
placenta is sufficient to increase ovule number. We have also analyzed the genetic 
crosstalk between GAs and BRs in both Arabidopsis and tomato. Our data reveal 
that while in Arabidopsis ovule number is controlled independently by GAs and 
BRs, in tomato, GAs act downstream of BRs. In tomato ovaries, BRs inhibit GA 
biosynthesis, which stabilize the DELLA, to promote ovule primordia initiation. 
Our data in Arabidopsis and tomato point out to the heterogeneity of the BR-GA 
interaction in different developmental processes and among different plant species. 
  



Deciphering the role of Arabidopsis TEM floral repressors in adaptive 
growth 
  
Michela Osnato, Luis Matias-Hernandez, Simona Masiero, Soraya Pelaz. 
Genética Molecular de Plantas. CRAG, Barcelona 
  
In flowering plants, the transition from vegetative to reproductive phase is tightly 
controlled by environmental and endogenous factors to ensure the perpetuation of 
the species even under unfavourable conditions. In the model species Arabidopsis 
thaliana, TEMPRANILLO proteins (TEM1, TEM2) avoid precocious flowering by 
negatively regulating the florigen and the content of the phyto-hormone 
Gibberellic Acid (GA), which promote flowering in inductive and non-inductive 
day lengths.  
Here we describe the interaction between TEMs and members of the MYC2 clade 
of transcription factors (TFs). Actually, molecular and phenotypic analyses of 
higher order mutants revealed novel roles for these TFs in the regulation of 
flowering time, by controlling a common set of downstream genes converging on 
the floral repressor FLC and the floral integrators FT and SOC1. Therefore, our 
studies on the interplay of these two families of TFs help to understand how plants 
integrate different genetic pathways (including the autonomous and 
thermosensory) underlying floral transition, and modify their developmental 
patterns in response to changing environmental conditions, especially elevated 
ambient temperature and water limitation.  
Moreover, TEM genes seem to be involved as well in response to salinity. Indeed, 
the double tem1 tem2 mutant displayed early flowering and delayed senescence 
even under increasing salt concentration, likely due to higher content of bioactive 
GA and anti-oxidants in stress conditions. 
  
  



Silencing of INFLORESCENCE DEFICIENT IN ABSCISSION-like 
proteins arrests corolla abscission in Nicotiana benthamiana 
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Abscission is an active, organized and highly coordinated cell separation process. 
Abscission enables the detachment of entire vegetative and reproductive organs 
through the modification of cell-to-cell adhesion and breakdown of cell walls at 
specific sites on the plant body known as abscission zones (AZs). In Arabidopsis, 
abscission of floral organs and cauline leaves is regulated by the interaction of the 
hormonal peptide INFLORESCE DEFICIENT IN ABSCISSION (IDA), a pair of 
redundant receptor-like protein kinases, HAESA and HAESA-LIKE2, and 
SOMATIC EMBRYOGENESIS RECEPTOR-LIKE KINASE co-receptors [for a 
review, see J. Exp. Bot. 2018 69:733-740]. IDA-like genes have also been 
identified in several crop species and some of them were highly expressed in AZs 
in tomato (SlIDA1), soybean (GmIDA2a), citrus (CitIDA3), litchi (LcIDL1) or 
yellow lupine (LlIDA) [AoB Plants 2012 pls035; Front. Plant Sci. 2015 6:1003; 
Sci. Rep. 2016 6:37135; Plant Growth Regul. 2018 85:91-100] suggesting that 
they might conserve the same function as AtIDA in regulating cell separation 
during organ abscission. It has been shown that synthetic IDA peptides were able 
to induce early floral abscission in Arabidopsis flowers [Plant Cell 2008 20:1805-
1817] and flower separation in yellow lupine [Plant Growth Regul. 2018 85:91-
100]. Additionally, IDA homologues of citrus (CitIDA3) and litchi (LcIDA1) were 
functional when heterologously expressed in Arabidopsis producing earlier floral 
organ abscission and rescuing the ida2 abscission deficiency [Front. Plant Sci. 
2015 6:1003; Sci. Rep. 2016 6:37135]. Here, we demonstrate that VIGS-based 
silencing of two highly similar IDA-like paralogous genes, NibenIDA1 and 
NibenIDA2, produced a failure in corolla abscission in Nicotiana benthamiana 
flowers. This is supported by the fact that there was a blockage in cell wall 
disassembly at the corolla base due to the absence in the upregulation of 
abscission-related hydrolytic enzymes such as pectin-methylesterase, 
polygalacturonase, cellulase, xyloglucan-endotransglycosylase/ hydrolase and 
expansin. This report constitutes new evidence supporting the notion that IDA-like 
proteins, as regulators of organ abscission, are functionally conserved in 
Angiosperms. 



Reflectancia espectral de hojas de tomate sometido a estrés salino 
tras la aplicación de un vigorizante comercial (Vigorflow) conteniendo 
GAs  
 
García del Moral LF, García del Moral MB, Martos V  
Dep Fisiología Vegetal, Universidad de Granada 
 
La salinidad es uno de los principales estreses ambientales en zonas áridas y 
semiáridas, afectando a numerosos procesos fisiológicos y disminuyendo la 
productividad de los cultivos. El exceso de sales en la solución del suelo provoca 
en la planta un estrés osmótico, que reduce la absorción de agua por las raíces, y 
una acumulación directa de sales en los tejidos, que altera los procesos 
metabólicos, particularmente la fotosíntesis. Para el estudio se ha utilizado la 
variedad de tomate Roma, cultivar moderadamente sensible a la salinidad, 
sometida a cuatro tratamientos salinos (0, 100, 200 y 300 mM de NaCl) y otros 
cuatro tratamientos a las mismas concentraciones de sal junto con una cantidad de 
Vigorflow equivalente a 0,25 ppm de principio activo (GA1). Las plantas se 
cultivaron en condiciones controladas (fotoperiodo de 16h, 26/16 °C día/noche, 
350 µmol m-2 s-1 de iluminación y  60-70% HR) en una solución nutritiva de 
Hoagland en la que iban diluidas las distintas concentraciones de sales y las GAs. 
La reflectancia espectral se midió usando un espectrorradiómetro FieldSpec 4 Std 
UV-VIS-NIR con un rango de reflectancia espectral de 350-2500 nm. En ausencia 
de Vigorflow, la salinidad causó una mayor reflectancia en la zona visible del 
espectro (350-700 nm) indicando pérdida de clorofilas, carotenos y xantofilas, uno 
de los efectos típicos del estrés salino. Asimismo, la mayor reflectancia a 980 nm 
(donde absorbe la RuBisCO) y a 1150 nm (absorción por fosfolípidos de 
membrana) indicó un posible daño tanto a este enzima como a la estabilidad de la 
membrana bajo el estrés salino. La aplicación de Vigorflow con GA1 consiguió 
paliar estos efectos negativos, especialmente en los tratamientos de 100 y 200 mm 
de ClNa, probablemente a través de una disminución de proteínas DELLA, 
mejorando de esta forma el crecimiento y la resistencia a la salinidad.   
(Trabajo financiado por la Junta de Andalucía (Grupo AGR123) y proyecto 
MINECO UNGR15-CE-3531). 
 



PYL8 mediates ABA perception in the root through non-cell-
autonomous and ligand stabilization based mechanisms  
 
Borja Belda-Palazon, Mary-Paz Gonzalez-Garcia, Jorge Lozano-Juste, 
Alberto Coego, Regina Antoni, Jose Julian, Marta Peirats-Llobet, Lesia 
Rodriguez, Ana Berbel, Daniela Dietrich, Maria A. Fernandez, Francisco 
Madueño, Malcolm J. Bennett, and Pedro L. Rodriguez* 
Desarrollo y Acción Hormonal en Plantas, IBMCP UPV-CSIC, Valencia 
 
The phytohormone abscisic acid (ABA) plays a key role regulating root growth, 
root system architecture and root adaptive responses, such as hydrotropism. The 
molecular and cellular mechanisms that regulate the action of core ABA signaling 
components in roots are not fully understood. ABA is perceived through receptors 
from the PYR/PYL/RCAR family and PP2C co-receptors. PYL8/RCAR3 plays a 
non-redundant role in regulating primary and lateral root growth. Here we 
demonstrate that ABA specifically stabilizes PYL8 compared to other ABA 
receptors and induces accumulation of PYL8 in root nuclei. This requires ABA 
perception by PYL8 and leads to diminished ubiquitination of PYL8 in roots. The 
ABA agonist quinabactin, which promotes root ABA signaling through dimeric 
receptors, fails to stabilize the monomeric receptor PYL8. Moreover, a PYL8 
mutant unable to bind ABA and inhibit PP2C is not stabilized by the ligand, 
whereas a PYL85KR mutant is more stable than PYL8 at endogenous ABA 
concentrations. The PYL8 transcript was detected in the epidermis and stele of the 
root meristem; however the PYL8 protein was also detected in adjacent tissues. 
Expression of PYL8 driven by tissue-specific promoters revealed movement to 
adjacent tissues. Hence both inter- and intracellular trafficking of PYL8 appears to 
occur in the root apical meristem. Our findings reveal a novel non-cell-
autonomous mechanism for hormone receptors and help explain the non-redundant 
role of PYL8 mediated root ABA signaling.   
  
  



Hormone-mediated disassembly and inactivation of a plant E3 
ubiquitin ligase complex  
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Phytohormone abscisic acid (ABA) regulates key processes in plants relative to 
seed germination, plant development and responses to important environmental 
stresses, such as drought, salinity and extreme temperatures. ABA perception is 
tightly controlled by the ubiquitin proteasome system. CRL4-CDDD E3 ubiquitin 
ligases target ABA receptors of the PYR/PYL/RCAR (pyrabactin 
resistance/pyrabactin resistance-like/regulatory components of ABA) family, 
triggering their ubiquitination and proteasomal degradation. Therefore, CRL4-
CDDD complexes function as repressors of ABA-mediated stress responses. On 
the contrary, ABA treatment attenuates receptor degradation although the precise 
molecular details of this mechanism remained unknown. Here, we show that 
protection of PYR/PYL/RCAR receptors can be explained by the disruption of the 
CRL4-CDDD complex in the presence of ABA. CRL4-CDDD dissociation by 
ABA occurred in the presence of cycloheximide, indicating that de novo protein 
synthesis is not required for the ABA inhibitory activity. Indeed, ABA facilitates 
interaction of DDA1-containing complexes with CSN, a regulator of the 
neddylation status and assembly of cullin E3 ligases constitutively present in plant 
cells. Thus, ABA likely represses CRL4-CDDD assembly by recruiting CSN. 
Accordingly, chemical inhibition of the deneddylating activity of CSN abolished 
the effect of ABA on CRL4-CDDD assembly. Our findings unveil a regulatory 
mechanism by which a plant hormone negatively controls the function of an E3 Ub 
ligase to protect its own receptors. 
  



Chloroplasts modulate elongation responses to canopy shade by 
retrograde pathways involving HY5 and ABA  
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Plants use light as energy for photosynthesis but also as a signal of competing 
vegetation. By using different concentrations of norflurazon and lincomycin, we 
found that the response to canopy shade in Arabidopsis thaliana was repressed 
even when inhibitors only caused a modest reduction in the level of photosynthetic 
pigments. High inhibitor concentrations resulted in albino seedlings that were 
unable to elongate when exposed to shade, in part due to attenuated light 
perception and signaling via phytochrome B and phytochrome-interacting factors. 
The response to shade was further repressed by a GUN1-independent retrograde 
network with two separate nodes represented by the transcription factor HY5 and 
the carotenoid-derived hormone ABA. The unveiled connection between 
chloroplast status, light (shade) signaling, and developmental responses should 
contribute to achieve optimal photosynthetic performance under light-changing 
conditions.  
  
  



Phenotypic characterization of ABA deficient/insensitive mutants 
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Characterization of the dynamic response of transpiration to decreasing soil water 
content in a reproducible way is necessary to the correct phenotyping of traits 
related to tolerance and water saving strategies in both natural accessions and 
mutants. Automated high throughput platforms require a big economic investment 
or is not always desirable/feasible to outsource these analyses. We propose a non-
automated low-budget medium-throughput protocol to the accurate analysis with a 
reasonable investment of time to characterize transpiration responses to decreasing 
soil moisture in a reproducible and quantitative way. 
The quantitative characterization of the responses to a decreasing soil water 
content showed high reproducibility between experiments. The strategy of 
irrigation allowed us to harvest plants ranging from well-watered conditions to 
loss-of-turgor point in a reproducible and predictable way. Coupling of this 
protocol with hormone profiling offers the opportunity to study hormonal 
dynamics (hormone accumulation and sensitivity) to water stress in a quantitative 
and reproducible way. As a proof-of-concept a genotype deficient in ABA 
synthesis (aba1-1) as well as genotypes insensitive and with enhanced sensitivity 
to ABA (abi1-1 and hab1-1abi1-1 respectively) 
Data obtained with this protocol allows to assess quantitative differences in both 
endogenous hormones biosynthesis and sensitivity (response to endogenous 
hormone) as an early response to water depletion and correlate these variations to 
differences in growth rate and water content. 
  



Ethylene influences tomato plant growth under nutrient deficiency 
and salt stress through affecting root system architecture  
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While nutrient availability and salinity limit plant growth and development, the 
adaptive responses affecting root system architecture (RSA) contribute to cope 
with those environmental constraints. Indeed, RSA manipulation is considered as a 
target to increase plant tolerance to abiotic stresses, but the mechanisms involved 
in its regulation are not totally understood. Although several major plant hormones 
such as auxins, cytokinins and abscisic acid seem to be involved, the role of 
ethylene (considered as a negative regulator of plant tolerance to abiotic stresses) 
in root-mediated adaptive responses is little known (Martínez-Andújar et al., 
2016). In this study, the role of ethylene in RSA regulation under salinity (40 mM 
NaCl) and low nutrient (P and K deprivation) stress conditions has been assessed 
in tomato (Solanum lycopersicum L.). Seedlings of the cv. Micro-Tom (MT-WT), 
the ethylene overproducing mutant (termed epinastic, Epi), and a root-specific 
ethylene deficient transgenic line (termed as ACCD) overexpressing an ACC-
deaminase (that degrades the ethylene precursor aminocyclopropane-1-carboxylic 
acid, ACC) under the control of a root specific promoter (roID), were grown in 
vitro (agar plates) under optimal and stress conditions for 30 days. RSA 
parameters (WinRHIZO), and changes in major plant hormones (UHPLC-MS) 
were analyzed. Interestingly, the growth and RSA responses were related to the 
ethylene genotype. While the Epi mutant registered a growth stimulation under 
control conditions, compared to the WT, it was the most affected under stress. 
However, the growth of the ACCD line was stimulated under salinity and K-
deprivation, suggesting that reduced ACC concentration (and subsequent ethylene 
evolution) improve the plant growth under stress conditions. The Epi mutant 
registered less RSA development derived from the main root under stress 
conditions and greater development of the transition zone (TZ, related to 
adventitious roots) in all treatments; while the ACCD line presented a more 
complex RSA development derived from the main root under all conditions 
studied, particularly under salinity. These results suggest an involvement of 
ethylene in the negative control of RSA derived from the main root (reducing de 
root length and forks) and a positive control in the formation of root derived from 
TZ under stress conditions. The interactions between stress tolerance, RSA and 



hormone levels is discussed, while the molecular basis and the agronomic impact 
of the ethylene-mediated changes in root architecture under abiotic stress 
conditions are being investigated. 
  
Martínez-Andújar C, Albacete A, Martínez-Pérez A, Pérez-Pérez JM, Asins MJ and Pérez-
Alfocea F (2016) Root-to-Shoot Hormonal Communication in Contrasting Rootstocks 
Suggests an Important Role for the Ethylene Precursor Aminocyclopropane-1-carboxylic 
Acid in Mediating Plant Growth under Low-Potassium Nutrition in Tomato. Front. Plant 
Sci. 7:1782.  
 
  



YUCCA9 contributes to plant stress responses through the 
mechanical enforcement of cell walls 
 
Marta-Marina Pérez-Alonso, M. Estrella Santamaria, Isabel Díaz, Stephan 
Pollmann   
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The two-step indole-3-pyruvic acid pathway is the major route for auxin 
biosynthesis in higher plants. Tryptophan aminotransferases, such as 
TRYPTOPHAN AMINOTRANSFERASE OF ARABIDOPSIS 1 (TAA1), and 
members of the YUCCA family of flavin-containing monooxygenases catalyze the 
conversion of l-tryptophan via indole-3-pyruvic acid into indole-3-acetic acid. 
However, important features pertaining to the regulation of auxin biosynthetic 
pathways are still not fully understood. An intimate crosstalk between jasmonate 
signaling and auxin biosynthesis through the induction of YUC9 has been 
recognized recently. The corresponding overexpression line, YUC9ox, has been 
described to contain elevated free IAA levels, displaying typical high-auxin related 
phenotypes. Here, we report that 35S::YUC9 transgenic plants display 
substantially increased secondary growth. The increased IAA content provoked a 
significant expansion of both the xylem and interfascicular fibers. In-depth cell 
wall analyses revealed that the increased auxin production in YUC9ox led to an 
abnormally strong lignification, possibly mediated by the induction of ethylene 
biosynthesis. The pronounced lignification was accompanied by the significantly 
increased expression of several XTH genes, which are known to be involved in 
cell wall remodeling and cell expansion. Furthermore, microarray analyses 
comparing transcript levels in YUC9ox with those in wild-type Arabidopsis 
pointed toward an involvement of YUC9 in plant defense and drought stress 
responses. YUC9ox plants are demonstrated to show less damage after spider mite 
infestation, which underlines a role of auxin in plant stress responses toward biotic 
cues. Furthermore, YUC9ox plants display an increased drought resistance. 
However, in contrast to previous results obtained for other YUC genes, YUC9-
mediated responses appear to occur independent of an interplay with abscisic acid 
(ABA), as neither ABA-related gene expression nor ABA levels appear altered in 
YUC9ox.  
  
  



Hormones and plant responses to shade: stranger things.  
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Plants sense the presence of competing neighboring vegetation as changes in the 
ratio of red to far-red light (R:FR), a signal perceived by the phytochrome 
photoreceptors. In shade-avoider species, responses to vegetation proximity and 
shade are generally referred to as the shade avoidance syndrome and involve 
various changes intended to adapt growth and development to environments of 
high plant density. In Arabidopsis thaliana, a shade-avoider species, plant 
proximity perception results in increased hypocotyl elongation, a response that 
requires auxins and gibberellins (GAs). Exposure to shade stabilizes and promotes 
PIF activity, which activates expression of YUCCA genes and leads to an increase 
in auxin (IAA) levels. Increase in IAA levels is rapid (after 1-4 h) and temporal (it 
disappears 24 h later). In contrast, levels of the bioactive GA4 are increased later 
in response to shade (24 h), pointing to this hormone also as important for the 
regulation of this response. It is unclear, however, how auxins and GAs are 
connected between them and with the known factors to control this hypocotyl 
response. In this communication, we will present data to address this aspect.  
  
  



An auxin hormone-signaling factors oscillator regulates time-
dependent branching in the Arabidopsis root  
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Plant postembryonic growth requires continuously formation of new organs. 
Organogenesis after embryogenesis starts with the specification of founder cells, 
which have the developmental potential of making a new organ. We have shown 
that periodic oscillation of gene expression in Arabidopsis thaliana at the root tip 
marks the position of new roots through the establishment of prebranch sites. 
Prebranch sites further develop into lateral root founder cells. Gene expression 
oscillations at the root tip occur in phase and in antiphase in the oscillation zone, 
and are part of the Lateral Root Clock. The hormone auxin plays an important role 
in maintaining in-phase gene expression oscillations. Periodic inputs of auxin from 
adjacent lateral-root-cap into the oscillation zone have been associated with gene 
expression oscillations and correct prebranch site patterning. 
We have identified a set of molecular drivers conducting periodic gene expression 
oscillations and root branching in Arabidopsis thaliana. Our research has identified 
a module involving an Aux/IAA signaling factor (POTENT) and its ARF partner. 
In non-degradable potent mutant or arf loss of function mutant in-phase gene 
expression becomes non oscillatory. In-phase gene expression in potent or arf 
mutants is also upregulated and it requires the auxin signaling factor Aux/IAA28 
indicating that periodic gene expression is achieved through POTENT-ARF 
transcriptional repression. Accordingly, potent and arf mutants overproduce 
founder cells. POTENT responds to auxin at various levels: transcriptional 
activation, protein degradation, and importantly by increasing its dimerization with 
the ARF partner. In addition, POTENT-ARF regulate auxin biosynthesis and 
content in the oscillation zone. Through modeling we have determined Auxin-
POTENT-ARF constitute an imperfect oscillator which responds to periodic 
external inputs of auxin generating a periodic pattern of auxin response (DR5) and 
in-phase gene oscillations. 



A developmental framework of adventitious root formation in tomato 
hypocotyls after wounding 
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  Corresponding author: José Manuel Pérez-Pérez (jmperez@umh.es) 
  
Tomato is an attractive model to study the genetic basis of adventitious organ 
formation. Adventitious roots (ARs) are formed from non-root tissues in response 
to some abiotic stresses or after wounding (Bellini et al., 2014). We investigated 
the temporal course of gene expression and of auxin and cytokinin accumulation 
along the apical-basal axis of hypocotyl explants during adventitious rooting. 
Quantitative histology allowed us to define the cellular dynamics during the early 
stages of AR initiation. Gene functions related to kinase activity, cell wall 
remodelling or transcription factor activity were associated to distinct regeneration 
events. We have initiated both forward and reverse genetic approaches to identify 
the molecular hubs required for de novo organ formation in tomato. On the one 
hand, the role of selected transcription factors of the AINTEGUMENTA-LIKE 
family during AR formation has been confirmed by transient inactivation. On the 
other hand, we are screening a large EMS mutant collection (Garcia et al., 2016) in 
search of novel gene functions related to de novo root organogenesis. The 
identification of the genetic networks involved in AR formation will contribute to 
our basic understanding of the molecular events leading to this complex 
developmental response. 
  
Bellini, C., et al. (2014). Annu Rev Plant Biol 65: 639-666 
Garcia, V., et al. (2016). Nature Protocols 12: 2401-2418 
  
Work in the laboratory of J.M.P.-P. (AGL2012-33610 and BIO2015-64255-R) is funded by 
the Ministry of Economy and Competitiveness and by European Regional Development 
Fund (ERDF) of the EC - "A way to build Europe“. 
  



A DII Domain-Based Auxin Reporter Uncovers Low Auxin Signaling 
during Telophase and Early G1. 
 
Mir R, Aranda LZ, Biaocchi T, Luo A, Sylvester AW, Rasmussen CG. 
Biotechnolgy, University of California, Riverside, USA  
 
A sensitive and dynamically responsive auxin signaling reporter based on the DII 
domain of the INDOLE-3-ACETIC ACID28 (IAA28, DII) protein from 
Arabidopsis (Arabidopsis thaliana) was modified for use in maize (Zea mays). The 
DII domain was fused to a yellow fluorescent protein and a nuclear localization 
sequence to simplify quantitative nuclear fluorescence signal. DII degradation 
dynamics provide an estimate of input signal into the auxin signaling pathway that 
is influenced by both auxin accumulation and F-box coreceptor concentration. In 
maize, the DII-based marker responded rapidly and in a dose-dependent manner to 
exogenous auxin via proteasome-mediated degradation. Low levels of DII-specific 
fluorescence corresponding to high endogenous auxin signaling occurred near 
vasculature tissue and the outer layer and glume primordia of spikelet pair 
meristems and floral meristems, respectively. In addition, high DII levels were 
observed in cells during telophase and early G1, suggesting that low auxin 
signaling at these stages may be important for cell cycle progression. 
  



Cell cycle in maize root apex 
 
M. Victoria Alarcón1 and Julio Salguero2 
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The root elongation requires both cell division and cell elongation which take 
place in the root apex. The primary root has been dissected in several zones 
according to the several processes occurring along its longitudinal axis. Cell 
divisions take place in the meristematic zone (MZ) where cell are in cell cycle. 
Mitotic divisions of initials produce two cells: the distal daughter cell close to the 
meristem retains its meristematic status and the basal one initiate the transition 
from division to elongation. Then, basal cells enter the elongation zone, where cell 
divisions cease and cell elongation increase as cells are displaced farther away 
from the meristem. Cells in distal elongation zone (DEZ) elongate at low rate, but 
elongation increases rapidly when cells reach elongation zone (EZ) and finally, in 
more basal regions cell get the maximal length and the cell elongation totally 
stops. In maize, three major growth regions in the root apex have been 
distinguished: a) meristem form RCJ to the end of the first mm; b) transition zone 
from 1.5 to 2.5 mm from RJC approximately and c) elongation region from 3.5 to 
6 mm. Although elongation in maize root extends to 10 mm from RCJ, elongation 
rate decreases gradually from 6 to 10 mm, where elongation totally stops. Flow 
cytometry analysis showed that meristematic cells are in cycle, but they exit the 
cell cycle when they enter the elongation zone. In addition, the percentage of cells 
in G2 phase strongly increased from meristem to elongation zone. However, we 
did not observe remarkable changes in the percentage of cells in cell cycle phases 
along the entire elongation zone. These results suggest that meristematic cells in 
maize root apex stop cell cycle in G2 phase after leaving the meristem. In order to 
know if hormone action in root growth is mediated by changes in cell cycle 
progression further studies are required. 
 
This work was supported by Consejerıá de Educación y Empleo, Junta de 
Extremadura (research groups GR15112 and GR15158, projects CCESAgros and 
BBB116) and European Regional Development Fund. 
  



Hormonal control of fruit initiation mediated by the tomato HYDRA 
gene. 
 
Concha Gomez-Mena, Edelín Roque, Maricruz Rochina, Luis Cañas, José 
Pío Beltrán 
Desarrollo y Acción Hormonal en Plantas, IBMCP UPV-CSIC, Valencia 
 
Gametogenesis is an important process during reproductive development in plants. 
After the formation of the gametes, the pollination and the successful fertilization 
of the ovules are a requirement for the formation of most types of fruits. However, 
in tomato plants the formation of fruits can be uncoupled of the fertilization 
process and some male sterile genotypes are able to develop seedless fruits. In 
previous work from the lab we isolated the tomato hydra mutant, a sterile mutant 
that produces seedless fruits (Rojas-Gracia et al 2017). HYDRA gene (the ortholog 
of the SPOROCYTELESS/NOOZLE gene from Arabidopsis) is involved in the 
initiation of the sporogenesis and the control of fruit set in tomato. Quantification 
of endogenous hormones in hydra plants showed little changes compared to wild-
type plants. However expression analysis showed changes in the expression 
pattern of genes involved in auxin biosynthesis and transport.  To further analyze 
the role of HYD/SlSPL in the control of fruit initiation we generated tomato plants 
that overexpressed this gene. The analysis of the overexpressing plants provides 
information on the hormonal control of reproductive development in this crop. 
 
  



Studies of DWARF14, the Strigolactone receptor of Arabidopsis 
thaliana 
 
Elena Sánchez, J.Rodrigo García, Aitor Muñoz and Pilar Cubas 
Departamento de Genética Molecular de Plantas, CNB, Madrid 
 
Strigolactones (SL) are phytohormones involved in the control of shoot branching. 
SL perception and signalling are mediated by DWARF14 (D14), the SL receptor. 
In this process it also participates the F-Box protein MORE AXILLARY 
GROWTH2 (MAX2) and the repressor proteins of SL signalling SUPRESSOR OF 
MORE AXILLARY GROWTH2-LIKE (SMXL) (Nakamura et al., 2013; Yao et 
al., 2016; Liang et al., 2016; Wang et al., 2015; Soundappan et al., 2015). After SL 
perception, the D14-SCFMAX2 complex recognises and targets for proteasomal 
degradation SMXL6,7,8, which triggers SL responses. 
SLs trigger MAX2-dependent proteasomal degradation of D14 (Chevalier et al., 
2014). However, D14 degradation is slower than that of the SMXL proteins, which 
may lead to a negative feedback loop that limits SL perception and is also 
mediated by the SCFMAX2 complex involved in SL signalling. 
We are currently studying in more detail the molecular genetic mechanisms of 
D14 degradation. We are investigating whether D14 degradation requires SL 
binding and hydrolysis, and interaction with the SMXL-SCFMAX2 complex. 
Finally, we want to understand the biological significance of D14 degradation. To 
address these questions we have obtained a collection of AtD14 point mutant 
proteins impaired in the different steps of the process (i.e. SL binding, protein-
protein interactions and ubiquitination). We have generated transgenic lines 
expressing these mutant proteins fused to GFP or LUC, and we hare using them to 
perform in vivo studies of D14 degradation dynamics. 
 
Chevalier, F., Nieminen, K., Sánchez-Ferrero, J., et al. (2014). Plant Cell 26: 1134 -50. 
Liang, Y., Ward, S., Li, P., et al. (2016). Plant Cell 28: 1581 -601. 
Nakamura, H., Xue, Y.-L., Miyakawa, T., et al. (2013). Nat. Commun. 4: 2613. 
Soundappan, I., Bennett, T., Morffy, N., et al. (2015).. Plant Cell 27: 3143 -59. 
Wang, L., Wang, B., Jiang, L., et al. (2015). Plant Cell 27: 3128 -42. 
Yao, R., Ming, Z., Yan, L., et al. (2016). Nature 536: 469 -473. 
  



Exogenous strigolactone application affect Pi starvation signalling 
and alters transcriptional and metabolic profiles in tomato 
  
Jordi Gamir, Rocío Torres-Vera, Estefanía Berrio, María J. Pozo, Juan A. 
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Department of Soil Microbiology and Symbiotic Systems, Estación Experimental del 
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Strigolactones (SLs) are the latest plant hormones described that act as modulators 
of plant responses under nutrient deficient conditions, mainly phosphorous (P) and 
nitrogen, and other abiotic stresses such as drought and salinity [1, 2]. In addition 
to their role as phytohormones, they are important ex-planta signalling molecules 
in the rhizosphere, promoting the association with beneficial microorganisms, but 
also with harmful parasitic plants [3]. In the present study, we explore the plant 
response to exogenous SL application under both normal and limiting P 
conditions. For that, a pulse (10 nM for 1 h) of the synthetic SL analogue GR24 
was applied to tomato plants grown hydroponically, and its effects evaluated 
locally on roots and systemically on shoots. Strikingly, GR24 application triggered 
a huge transcriptional and metabolic reprograming in plants grown under normal P 
conditions, leading to profiles similar to those in plants grown under P-limitation. 
Therefore, the pulse of GR24 mimicked, to some extent, the effect of P starvation 
in plants grown under normal P conditions. Interestingly, GR24 also enhanced the 
response in P-starved plants, suggesting that SLs might act as early signals upon 
sensing the limitation of this nutrient in the soil. GR24 also affected the levels of 
the phytorhormones jasmonic acid (JA), salicylic acid (SA) and abscisic acid 
(ABA), suggesting a cross-talk of SLs with these defence/stress-related hormones. 
The results will be discussed and future prospects proposed to get further insights 
on the role of SLs as modulators of plant responses to P deprivation. 
  
1. Al-Babili, S. and Bouwmeester, H.J., Strigolactones, a novel carotenoid-derived plant 
hormone, Annual Review of Plant Biology, 2015, pp. 161-186. 
2. Andreo-Jiménez, B. et al. (2015) Ecological relevance of strigolactones in nutrient uptake 
and other abiotic stresses, and in plant-microbe interactions below-ground. Plant and Soil 
394, 1-19. 
3. López-Ráez, J.A. et al. (2017) Strigolactones in plant interactions with beneficial and 
detrimental organisms: the yin and yang. Trends in Plant Science 22 (6), 527-537. 
 
Research carried out by the authors is supported by the grants AGL2015-64990-C2-1-R 
from the National R&D Plan of the Ministry of Economy and Competitiveness (MINECO). 
  



Plant ramification in Pinus pinaster: enviromental role and 
physiological bases 
 
Delatorre C1, Álvarez J1, Meijón M1, Ordás R1, Feito I2, Cuesta C1. 
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(SERIDA), Speain 
 
Plant development is characterised by a continuous growth with architectural 
adjustment according to the external and internal environmental stimuli. All these 
processes are well coordinated and regulated by phytohormones, which can 
crosstalk in an additive, synergic or antagonic manner. These control is undergone 
by complex molecular mechanisms through the time and space, involving genetic 
expression changes, leading to morphogenetic processes such as shoot formation 
and differentiation. Meristematic organization has been assumed to be conserved 
within green plants, but it is well known that Pinaceae behaves different (i.e. 
zygotic embryogenesis and growth pattern of organs and tissues). Within this 
context, and assuming the photoperiod and bud age influences the growth pattern, 
hormonal profile has been assessed in Pinus pinaster buds of different ontogenic 
phases and diverse environmental conditions (continuous light, short and long 
photoperiod), highlighting the role of gibberellins and the auxin-cytokinin balance. 
Even more, strigolactones are of paramount relevance to understand plant 
ramification, so homologous genes of P. pinaster have been cloned and expression 
levels throughout growth and ramification have been analysed. 
 
 
Project funded by Plan Nacional I+D+I INIA (RTA2013-00048-C03-02, 
RTA2017-00063-C04-04).  



Plant-Mediated Effects of Water Deficit on the Performance of 
Tetranychus evansi on Tomato Drought-Adapted Accessions. 
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Climate change is expected to increase drought periods and the performance and 
dispersal of some invasive species such as Tetranychus evansi, which has been 
reported to take advantage of the nutritional changes induced by water-shortage on 
the tomato cultivar Moneymaker (MM). We have examined the implications for 
mite’s biology of four accessions of the drought-adapted tomatoes, “Tomàtiga de 
Ramellet” (TR), under moderate drought stress. Mite performance was enhanced 
by drought in two accessions (TR61 and TR154), but not in the other two 
accessions (TR58 and TR126). 
We selected one accession of each outcome (i.e., TR154 and TR126) to further 
analyze plant nutritional parameters. We found that free sugars and most essential 
amino acids for mites were induced by drought and/or mite infestation on MM and 
TR154 plants, whereas sugars were not altered and a reduced number of essential 
amino acids were induced by drought in TR126. Remarkably, mite performance 
was enhanced by leaf infiltration of free sugars, essential amino acids mixture, and 
L-proline on well-watered MM and by free sugars on drought-stressed TR126 
plants. These results indicate a positive link between the induction of soluble 
carbohydrates and amino acids used by the plant for osmotic adjustment and mite 
performance. The effects of drought and/or mite infestation on the defense 
response of plants was analyzed at three levels: phytohormone accumulation, the 
transcript levels of marker genes linked to jasmonates (JAs), salicylic acid (SA), 
and abscisic acid (ABA) pathways, and the activity of defense proteins. The ability 
of T. evansi to downregulate the accumulation of defense-related phytohormones 
was noted on MM and the two TR accessions analyzed (TR126 and TR154), 
though differences in the induction of protein defense genes and activities by 
drought and/or mite infestation were observed among them. These results 
emphasize the importance of studying plant biotic and abiotic stress factors in 
combination and provides an experimental framework for screening drought-
tolerant tomato accessions that will be also resistant to herbivore mites.  
  



Red seaweed reproduction. What’s else beyond cystocarps 
development? 
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Volatile growth regulators play an important role in triggering aspects related to 
red seaweed reproduction. The last 10 years have brought clarification to how 
ethylene and methyl jasmonate work. Taking two reproductive stages of thalli of 
red seaweed -fertilised and fertile thalli- as benchmarks and a precise 
characterisation of the elicitation and disclosure periods of cystocarps, monitoring 
different gene expressions -namely candidate gene for reproduction and genes 
encoding proteins involved in biosynthesis pathways of both volatiles and reactive 
oxygen species- has enabled us to discern the differential behaviour of genes. 
These studies have also revealed that the volatile-mediated signal could affect cell 
wall loosening.  All in all, studies have shown evidence of putative signalling 
pathways where volatile signal regulators form part of them at several levels, 
ranging from disclosure, development to the maturing of cystocarps. This signal 
information is crucial to determine the final response.  
This presentation covers our current understanding of molecular mechanisms of 
algal reproduction and how volatile-mediated signals affect other developmental 
processes. 
  
  



Implicación del ácido jásmonico en la inducción de defensa contra 
Pseudomonas syringae en tomate mediado por endófitos  
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Los hongos endófitos son una fuente prometedora de microorganismos 
beneficiosos para las especies de interés agrícola, ya que son capaces de conferir 
mayor resistencia a las plantas frente a condiciones adversas. La riqueza de los 
endófitos depende de la diversidad genética y ambiental, sin embargo, la 
domesticación y uso intensivo de las plantas en la agricultura han reducido la 
diversidad de endófitos en plantas cultivadas. Por lo tanto, se ha postulado que las 
plantas silvestres podrían representar una fuente más rica de endófitos beneficiosos 
que las plantas cultivadas.  
En trabajos previos, se ha estudiado la diversidad y la prevalencia de los endófitos 
en Triticum diccocoides y Aegilops sharonensis, dos antepasados silvestres de 
trigo común Triticum aestivum. Además, se ha demostrado la capacidad de dos 
nuevos endófitos aislados de estos silvestres del trigo, Acremonium sclerotigenum 
y Sarocladium implicatum, para inducir resistencia en una variedad comercial. En 
este trabajo, probamos si estos hongos endófitos son capaces de inducir resistencia 
en las plantas de familias diferentes de las que fueron aislados. Para ello, semillas 
de plantas de tomate (Solanum lycopersicum cv Ailsa Craig) fueron inoculadas 
con Acremonium sclerotigenum o Sarocladium implicatum y plantas de cuatro 
semanas de edad fueron infectadas con la bacteria Pseudomonas syringae. Las 
plantas inoculadas con endófitos mostraron síntomas significativamente menores 
de infección bacteriana, así como niveles más bajos de unidades formadoras de 
colonias por hoja, en comparación con las plantas control. Por otra parte, la 
presencia de endófitos inducen una alteración del equilibrio del ácido jasmónico y 
ácido salicílico frente a la inoculación con P. syringae en comparación con plantas 
libres de endófitos. En conclusión, nuestros resultados muestran que los endófitos 
pueden inducir resistencia en plantas diferentes de las que fueron aislados. A. 
sclerotigenum y S. implicatum son capaces de inducir resistencia en tomate frente 
a la bacteria P. syringae, esto está asociado con cambios en los niveles de 
fitohormonas, principalmente de JA, por lo que parece indicar que el JA está 
implicado en el mecanismo de resitencia frente a P. syringae inducido por el 
endófito.  
  



Medición de hormonas vegetales mediante HPLC-masas triple 
cuadrupolo en extractos de plantas sometidas a estrés por daño 
mecánico 
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Las plantas están sometidas continuamente a diversos tipos de estreses, tanto 
bióticos como abióticos, lo cual les afecta notablemente a su crecimiento y 
desarrollo, y con ello a las oscilaciones en el contenido de sus hormonas. Este 
estudio se centra en la puesta a punto de la medición de nueve fitohormonas 
principales. Para ello, se ha utilizado la técnica cuantitativa HPLC-espectrometría 
de masas de triple cuadrupolo usando los aparatos localizados en el GSYA de los 
Servicios Técnicos de la Universidad de Jaén. Una vez puesta a punto dicha 
técnica, ha sido posible cuantificar la concentración de estas nueve hormonas en 
plantas de tomate (Solanum lycopersicum) sometidas a daño mecánico por heridas 
en tiempos cortos. Tras la inducción del estrés en las plantas, por punzamiento del 
tallo, se recogieron muestras a los 0, 15 y 30 minutos; y a las 1, 2, 4 y 6 horas. Se 
hizo un análisis del comportamiento de ácido indolacético (AIA), ácido 
indolbutírico (IBA), ácido giberélico (GA3), trans-zeatina, ácido abcísico (ABA), 
ácido jasmónico (JA), ácido metil jasmónico (MeJA), ácido salicícilo (SA) y ácido 
metil salicílico (MeSA). Se estudiaron las fluctuaciones que producen dichas 
hormonas a lo largo del periodo de tiempo detallado. 
Se realizó un análisis estadístico con todos los datos obtenidos, utilizando para ello 
el programa informático Statistica 7. Para dicho análisis se utilizó el método 
ANOVA de medidas repetidas y después un test Fisher LSD para cada hormona en 
función del tiempo de medida, con un nivel de significación del 95% (α=0,05). 
Como resultado se observó que en plantas heridas hay un aumento masivo y 
significativo de ABA con respecto a las plantas control, siendo máxima su 
concentración a las 6 horas tras el daño. Esto sugiere que el ABA actúa de forma 
crucial en la respuesta frente a estrés por heridas. Asimismo, las giberelinas 
producen una respuesta rápida aumentando significativamente su concentración a 
tiempos cortos para descender hasta su estado basal en 6 horas tras el daño. Por 
último, no se observaron diferencias significativas en cuanto a las oscilaciones de 
JA, MeJA, MeSA y trans-zeatina cuando las plantas se sometieron a este tipo de 
estrés. Por último se puede concluir que en condiciones basales, las plantas de 
tomate tienen concentraciones de auxinas 10 veces superiores a las de ABA, 100 
veces más abundantes que las giberelinas y salicilatos, o 1000 veces más elevadas 
que la trans-zeatina y hasta 10000 veces superiores a las concentraciones de los 
jasmonatos. 
  



 
  



When Chemistry meets Biology: identification of a novel OPR3-
independent pathway for JA biosynthesis. 
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 Biosynthesis of the phytohormone jasmonoyl-isoleucine (JA-Ile) requires 
reduction of the JA precursor 12-oxo-phytodienoic acid (OPDA) by OPDA 
reductase 3 (OPR3). Previous analyses of the opr3-1 Arabidopsis mutant suggested 
an OPDA signaling role independent of JA-Ile and its receptor COI1; however, 
this hypothesis has been challenged because opr3-1 is a conditional allele not 
completely impaired in JA-Ile biosynthesis. To clarify the role of OPR3 and 
OPDA in JA-independent defenses, we isolated and characterized a loss-of-
function opr3-3 allele. Strikingly, opr3-3 plants remained resistant to necrotrophic 
pathogens and insect feeding, and activated COI1-dependent JA-mediated gene 
expression. Analysis of OPDA derivatives identified 4,5-didehydro-JA in 
wounded wild-type and opr3-3 plants. In addition, OPR2 was found to reduce 4,5-
didehydro-JA to JA, explaining the accumulation of JA-Ile and activation of JA-
Ile-responses in opr3-3 mutants. Our results demonstrate that in the absence of 
OPR3, OPDA enters the β-oxidation pathway to produce 4,5-ddh-JA as a direct 
precursor of JA and JA-Ile, thus identifying an OPR3-independent pathway for JA 
biosynthesis. 
  
Work in RS’s lab was funded by the Spanish Ministry for Science and Innovation grant 
BIO2016-77216-R (AEI/FEDER, EU) 
  



The ABA receptors are targeted in nucleus by Ub-conjugating enzyme 
UBC26 and the E3 ubiquitin ligase RFA4 
 
María A. Fernández, Borja Belda-Palazón, Jose Julián, Alberto Coego, 
Jorge Lozano-Juste, Sabrina Iñigo, Alain Goossens and Pedro L. 
Rodríguez 
IBMCP-Valencia 
 
We have identified a 10-member family of single-subunit E3 ubiquitin ligases, 
named RFA for RING finger ABA-related, acting as E3 ligases of the 
PYR/PYL/RCAR ABA receptors and therefore controlling their ubiquitination and 
half-life. The RFA family is different from the CULLIN4-RING E3 ubiquitin 
ligase (CRL4) complex that interacts with ABA receptors through the substrate 
adapter DDB1-ASSOCIATED1. RFAs are characterized by the presence of three 
putative RING domains in tandem and according to this structure they belong to 
RBR (RING between RING fingers) E3 ligases. Very little is known regarding the 
biological function RBR-type E3 Ub ligases in plants. In contrast, the human RBR 
Parkin has been extensively studied because of its association with Parkinson's 
disease. Here we demonstrated that ABA receptors are targeted by RFA1 and 
RFA4 RBR-type E3 ligases, which are members of the RSL1/RFA family not 
associated to plasma membrane as RSL1.RFA4 shows specific nuclear localization 
whereas RFA1 is localized both in nucleus and cytosol, where they interact with 
ABA receptors. Therefore, different members of the RSL1/RFA family interact 
with ABA receptors in different subcellular locations, targeting them for 
degradation via the endosome/vacuolar or 26S proteasome degradation pathways. 
RFA1 and RFA4 promote degradation of ABA receptors in vivo, and for instance, 
we demonstrated that endogenous levels of PYR1 and PYL4 ABA receptors are 
increased in the rfa1 rfa4 double mutant compared to wt plants. We also identified 
UBC26 as the cognate nuclear E2 enzyme that interacts with the RFA4 E3 ligase 
and accordingly, we observed UBC26-RFA4-ABA Receptor complexes in nuclear 
speckles. Loss-of-function ubc26 alleles and rfa1 rfa4 double mutant showed 
enhanced sensitivity to ABA and accumulation of ABA receptors compared to wt. 
Altogether our results reveal a sophisticated Ub targeting of ABA receptors at 
different subcellular locations, which involves different members of the RBR-type 
RSL1/RFA family and other previously described E3 ligases 
  
  



BPM3 and BPM5 play a major role in ABA signalling targeting CLADE 
A PROTEIN PHOSPHATASES TYPE-2C for degradation. 
  
Jose Julián Valenzuela, Alberto Coego González, Jorge Lozano Juste, 
Borja Belda Palazón, Qian Wu, Xu Zhang, Esther Lechner, Pascal 
Genschik, Pedro Luis Rodríguez Egea. 
  
ABA signaling is modulate by the turnover of its core components and this has 
opened new avenues of research. First with its receptors and lately with the clade 
A protein phosphatases type-2C (PP2Cs). Recently, we identified RGLG1 and 
RGLG5 E3 ligases as regulators of the turnover of PP2CA. Furthermore, during 
the course of proteomic studies aimed to identify interactors of PP2CA we 
identified BTB/POZ AND MATH DOMAIN proteins (BPMs), substrate adaptors 
of the multisubunit cullin3 (CUL3)-RING based E3 ligases (CRL3s). BPMs 
consist of two domains, the BTB and the MATH. The BTB binds CUL3, a highly 
conserved CULLIN that is present in CRL3s. The MATH domain serves as the 
substrate receptor. In this work, we have confirmed that BPM3 and BPM5 interact 
in the nucleus with PP2CA. Further experiments prove that also with ABI1, ABI2 
and HAB1. BPM3 and BMP5 gain-of-function promotes PP2C degradation in 
vivo, leading to enhance sensitivity to ABA and drought tolerance. Conversely, 
reducing BPM function results in higher accumulation of PP2Cs, which impairs 
stomatal closure, enhances water transpiration and leads to insensitivity to ABA in 
germination, root growth and gene expression assays. This data indicates that 
BPM3 and BPM5 target clade A PP2Cs for degradation in the proteasome. We 
propose that degradation of PP2Cs through different E3 ligases is a 
complementary mechanism to PYR/PYL/RCAR mediated inhibition of PP2C 
activity to relieve repression of ABA signalling. 
  
  



Development of A high throughput biochemical screening to discover 
new ABA receptor agonists. 
 
Irene García-Maquilón1, Andrea Chini2, Armando Albert3, Pedro L. 
Rodríguez1 and Jorge Lozano-Juste1 
1 IBMCP, CSIC-UPV, Valencia, 2Plant Molecular Genetics Department, CNB-
CSIC, Madrid, 3Instituto de Química Física Rocasolano-CSIC Madrid. 
Corresponding author: Jorge Lozano-Juste (lojujo@ibmcp.upv.es) 
  
Drought is one of the most important causes of productivity loss in crops 
worldwide. Understanding the processes of adaptation and tolerance to water 
stress, especially in plants with agronomic interest, it is a very important goal. The 
plant hormone abscisic acid (ABA) regulates many developmental and stress 
responses in plants, playing a fundamental role in the adaptation to water stress 
conditions. In order to improve drought tolerance in economically important crops, 
we have developed a novel chemical genetics screening aimed to identify ABA 
receptor agonists in the recently established C4-crop model Setaria viridis. An in 
vitro biochemical assay used to identify ABA binding to ABA receptors has been 
adapted to a 96-well plate format allowing high-throughput screening of small 
molecules. The method has been optimized considering the reproducibility of each 
test and the required amount of protein in order to minimize variability and 
screening time. A library of ≈1000 small molecules was screened along with 
proper controls using the S. viridis SvPYL1 ABA receptor and the PP2C 
phosphatase HAB1. The screening is very reproducible showing low variability 
among control data points. As a result, we have identified IRE1, a compound able 
to mimic ABA both in vitro tests and in vivo experiments on S. viridis 
and Arabidopsis thaliana seedlings. IRE1 binds to the S. viridis ABA receptor, 
SvPYL1, with an IC50 in the micromolar range inhibiting the phosphatase activity 
of HAB1 and other PP2Cs, leading to inhibition of seed germination. IRE1 is not 
related to any previously described ABA receptor agonists. Additionally, a second 
compound has been identified, IRE2, which can act as a specific inhibitor of the 
phosphatase HAB1 and enhances sensitivity to ABA in S. viridis and A. thaliana 
seedlings. This is the first specific inhibitor of a PP2C phosphatase identified to 
date. S. viridis is a plant with high agronomic interest since it is related to staple 
crops like maize and sorghum, making these discoveries more relevant and 
eventually closer to be transferred to the field. The method developed in this work, 
as well as the results obtained represent an advance in the development of 
chemical molecules able to promote drought tolerance. 
 
Funding from MINECO (BIO2014-52537-R and BIO2017-82503-R) to Pedro L. 
Rodríguez, EU grant H2020-MSCA-707477 to Jorge Lozano-Juste and Pedro L. Rodríguez, 
and MINECO (BIO2017-89523-R) to Armando Albert  
  



ABA-overproducing rootstocks alleviates low salinity stress in 
tomato by altering ABA sensitivity and signalling 
 
Cristina Martínez-Andújar1, Alfonso Albacete1, Andrew J. Thompson2, 
Francisco Pérez-Alfocea1* 
1Dept. of Plant Nutrition, CEBAS-CSIC, Murcia, Spain; 2Cranfield Soil and AgriFood 
Institute, Cranfield University, Cranfield, Beds, United Kingdom. 
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Saline irrigation water can limit plant growth and productivity of greenhouse 
tomato crops grown in Mediterranean environments with the plant hormone 
abscisic acid (ABA) playing a key role in adaptation to abiotic stresses. In order to 
better understand the influence of the root-sourced ABA in plant development and 
response to salinity in tomato (Solanum lycopersicum L.), two independent 
transgenic lines, sp5 and sp12, overexpressing the NCED1 (9-cis-epoxycarotenoid 
dioxygenase, the enzyme that catalyzes a key rate-limiting step in ABA 
biosynthesis) gene under the control of the constitutive ‘Gelvin Superpromoter’ 
(NCED OE), and the wild type (WT) cv Ailsa Craig, have been studied as  
rootstocks of a commercial tomato variety (cv Sugar drop). The grafted plants 
were cultivated for 7 months under a low salinity level (EC = 35 dSm-1) in soil-
sand greenhouse conditions. Under this specific but complex environment, grafted 
plants onto both NCED OE lines registered an increased plant vigour in terms of 
leaf area, shoot biomass and 30% fruit yield (based on more and bigger fruits per 
truss), compared to the plants grafted onto the WT. However, the root biomass was 
significantly decreased in the ABA-overproducing rootstocks, proportionally to 
their NCED OE level. The increased shoot biomass and fruit yield was explained 
by enhanced photosynthesis in plants grafted onto NCED OE lines, although a 
slight reduction in stomatal conductance was observed, thus significantly increased 
intrinsic water use efficiency compared to the plants grafted onto WT. Hormone 
analysis in different organs during the growing cycle revealed similar or decreased 
levels of ABA in the NCED OE grafts. Leaf tissue revealed an early increase in JA 
and a general decrease in the cytokinin t-Z, but with increased iP-type in those 
plants. A reduced ethylene precursor ACC and auxin IAA concentrations were 
also observed in the NCED OE rootstocks. Interestingly, the xylem sap of a 
flowering or actively growing fruit truss registered significant increases in ABA 
and GA3 concentrations. Root transcriptomics indicate that ABA metabolism was 
unaffected while sensitivity (PYL receptors) and signalling (AREB, ATHB12) 
were down-regulated in NCED OE grafts. Similarly, JA-related genes and IAA 
activity were also down-regulated in those roots. However, most of ethylene-
related genes (ACCs, ERF’s and ACCox) were up-regulated in the NCED OE 
plants. Only some stress related genes (TAS14, KIN, LEA, MYBs) and some 
aquaporins (PIP’s) were also up-regulated, particularly in sp12. Most of 
pathogenesis-related proteins and subtilin-like proteases were strongly down-



regulated in NCED OE rootstocks. Those results suggest complex interactions 
between NCED OE level, ABA metabolism/signalling in the roots, rootzone 
environment and root-shoot communication to determine the resulting phenotype 
of grafted plants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



A novel nexus connecting auxin with growth repression 
 
Marta-Marina Pérez-Alonso, Paloma Ortiz García, Stephan Pollmann   
Centro de Biotecnología y Genómica de Plantas (UPM-INIA), Madrid 
 
The evolutionary success of plants relies to a great extent on their extraordinary 
ability to adapt to changes in their environment. They can effectively respond to a 
broad range of abiotic stresses, including e.g. changes in water and nutrient 
availability or temperature. In addition, plants have established comprehensive 
defense mechanisms to counteract attacks of a wide variety of biotic predators. 
Plant hormones are crucial mediators governing these adaptive responses to biotic 
and abiotic stresses, respectively. Many stress responses encompass the substantial 
repression of growth, re-directing available energy sources either to defense or to 
securing the next progeny through a per-mature transition from the vegetative to 
the generative phase. 
Characterization of the auxin biosynthesis-related mutant ami1 provided first 
indications for the contribution of the auxin precursor indole-3-acetamide (IAM) 
in the repression of plant growth, since ami1 mutants are moderately smaller than 
wild-type Arabidopsis plants. Further investigation disclosed AMI1 gene 
expression to be substantially affected by a number of stress conditions, including 
e.g. osmotic, salt, and heat stress, which in turn results in the accumulation of 
IAM. Transcriptomics analysis of the functionally impaired ami1 mutant revealed 
a number of molecular targets downstream of IAM. The experiments highlighted, 
i.a., the induction of NCED3, a key player in abscisic acid (ABA) biosynthesis. 
The induction of NCED3 in ami1 was confirmed by qPCR and mass spectrometric 
analyses, demonstrating a five-fold increase of ABA in ami1. Moreover, we report 
on the identification of a MYB transcription factor, LAUCH1, which is also 
among the downstream targets and acts as a negative regulator of growth. LAU1 
expression is induced by ABA and LAU1 overexpressing mutants (LAU1-OXi) 
appear more sensitive to osmotic stress. In summary, we provide compelling 
evidence for the operation of a novel hub in auxin biosynthesis that appears to 
work as a molecular switch contributing to the control of plant growth under 
adverse conditions through the cross-talk with ABA. 
 
  



Integration of phenotypic, metabolomic and genetic data to identify 
novel regulators of adventitious root development in carnation 
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Adventitious rooting of stem cuttings is an essential process needed for vegetative 
propagation in many ornamental plants. In cultivated carnation, adventitious roots 
(ARs) are formed in the base of the cuttings in response to a localized auxin 
gradient. Differences in biosynthesis, transport and conjugation of auxin levels in 
the stem cutting base during the first hours after excision accounts for the 
differences observed in AR formation between cultivars with contrasting rooting 
efficiencies (Cano et al. 2018). To better understand the genetic basis of this 
complex trait, we studied AR formation in 177 lines derived from a cross between 
two hybrid cultivars with contrasting rooting performance (Birlanga et al. 2015). 
Several architectural traits were quantified in fourteen of these lines displaying 
extreme AR phenotypes. Combining hormonal and phenotypic results with 
selective transcriptome profiling will allow us to identify a collection of candidate 
SNPs linked to adventitious rooting performance, which will be used to establish a 
novel marker-assisted selection approach to improve adventitious rooting in this 
species. 
  
Birlanga, V., et al. (2015) PLOS ONE 10: e0133123 
Cano et al. (2018). Front Plant Sci 9: 566 
  
Work in the laboratory of J.M.P.-P. (AGL2012-33610 and BIO2015-64255-R) is funded by 
the Ministry of Economy and Competitiveness and by European Regional Development 
Fund (ERDF) of the EC - "A way to build Europe“. 
  



Unveiling the contribution of different hormones to floral induction in 
saffron by means of a transcriptome analysis.  
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Saffron, the stigmas of Crocus sativus L., and the most expensive spice in the 
world, needs a modernization of the cultivation methods to cope with its future 
demand. It could be significantly increased in the years to come, due to its 
nutraceutical and medicinal properties.The development of saffron industrial 
production, under greenhouse, requires an accurate control of the flowering time 
for this species. However, only limited information on the genetic control of floral 
transition is available in geophytes, because of the high size of the main genera's 
genome and the lack of efficient transformation systems for these materials.  
With the aim to gain knowledge about this process, a research line directed 
towards unveiling the floral induction regulatory networks operating in saffron has 
been initiated. One of the research topics developed by our group focuses on the 
role of different hormones in the switch to the reproductive growth in Crocus. 
Taking into account the observed differences in IAA, GAs and ABA content in the 
shoot apex of saffron corms, between the vegetative growth stage and the flower 
primordium, we have analysed the possible involvement of these hormones in the 
floral transition of this species, by means of a transcriptome analysis at different 
developmental stages.The up-regulation of genes related to the biosynthesis 
pathway of auxins (YUCCA)and gibberellins (GA3OX), but also a lower 
expression of genes involved in the catabolism (GA2OX), could explain the higher 
content of these hormones during the period of floral induction. Furthermore, we 
have identified the up or down-regulation of genes related to auxins (ARF5, 
LEAFY, AINTEGUMENTA), and gibberellins (SPL15, AP2-like, LFY, SOC1, 
FT) signalling pathway mediating flower induction in model plants. Additionally, 
an important decrease in the main genes related to ABA synthesis (NCED) and to 
ABA receptors (PYL) has been observed. Nevertheless, no DEGs for transcription 
factors typically related to the ABA signalling transduction pathways involved in 
the regulation of flowering (ABI5, FLC) have been found. Although an interesting 
decrease in RAVL genes that could be involved in plant responses to ABA, but 
also negatively regulating floral transition, has been detected, an exclusive role of 
ABA in dormancy cannot be ruled out.  
 
Funds from the Ministry of Science, Innovation and Universities AGL2016-77078-R. 



Combinación de estrés por altas temperaturas e infección con 
Pseudomonas syringae en tomate. Modelo de interacción planta–
patógeno en escenarios de cambio climático. 
  
Fernández Crespo, E; Scalschi, L.; Pitarch, M.; González-Hernández, A.I.; 
Llorens, E.; Camañes, G; García-Agustín, P.; Vicedo, B.  
Dep de Ciencias Agrarias y del Medio Natural. Universitat Jaume I, Castellón 
 
Los estreses abióticos asociados al cambio climático están obligando a las plantas 
a inducir adaptaciones frente a los mismos. En estudios realizados sobre cambio 
climático se prevén varios escenarios, siendo uno de ellos, el aumento medio de 5 
ºC en la temperatura ambiental. Basándonos en estos antecedentes, se han 
cultivado plantas de tomate a 31ºC día/ 25ºC/ noche, y se han comparado frente a 
plantas control (26ºC día / 20ºC noche). Uno de los objetivos, ha sido evaluar los 
cambios morfológicos y fisiológicos comparando ambos grupos de plantas, 
determinando el crecimiento de la planta, tanto a nivel radicular como foliar, así 
como el contenido de clorofilas. Además, se han determinado los niveles de 
hormonas involucradas en la respuesta al estrés causado por temperatura como son 
el ácido salicílico (SA), el ácido jasmónico (JA) y el ácido abscísico (ABA). 
Asimismo, se ha analizado el contenido de poliaminas y aminoácidos, así como la 
concentración de compuestos fenólicos, que juegan un papel en el refuerzo de la 
pared celular para proteger a la célula contra estímulos ambientales adversos. 
Los resultados obtenidos han mostrado que las plantas de tomate sometidas a 
estrés por altas temperaturas mostraban un mayor crecimiento de la parte aérea que 
las plantas control. Además, se ha observado que a altas temperaturas, las plantas 
aumentan el contenido de clorofila y son capaces de inducir cambios en la 
concentración de varios aminoácidos y poliaminas. Otro de los objetivos de este 
estudio, ha sido verificar si los cambios causados por el aumento de la temperatura 
en las plantas podrían afectar a su susceptibilidad frente a diferentes patógenos, 
principalmente, Pseudomonas syringae pv tomato DC3000. El aumento de la 
temperatura podría producir cambios tanto en la planta como en el patógeno, por 
lo que se ha estudiado la respuesta de ambos frente al estrés. Se ha observado que 
el estrés causado por la temperatura, produce un descenso de la infección y del 
tamaño de la población del patógeno. A nivel de la planta, se ha estudiado   la 
respuesta defensiva a nivel genético y hormonal observándose una menor 
inducción de éstas respecto a las plantas control, lo que podría indicar que la 
reducción de la infección sería causada por la respuesta del patógeno y no de la 
planta. A la vista de estos resultados, se han analizado los mecanismos de 
infección del patógeno poniéndose de manifiesto una menor eficiencia respecto a 
la expresión de genes implicados en el establecimiento de la infección en 
condiciones de altas temperaturas. 
 



Common and distinct response of chorismate-derived phytohor-
mones in non-climacteric and climacteric fruits 
  
Paula Muñoz, Marina Pérez-Llorca, Verónica Tijero, Maren Müller, Sergi 
Munné-Bosch 
Biología evolutiva, Ecología y Ciencias Ambientales, Universitat de Barcelona 
 
Climacteric and non-climacteric fruits are differentiated by its ripening process, in 
particular by the involvement of ethylene, high respiration rates and the nature of 
the process, being autocatalytic or not, respectively. Here, we examined variations 
in endogenous contents of chrorismate-derived phytohormones (auxin, salicylic 
acid and melatonin) using liquid chromatograhy coupled to tandem mass 
spectrometry (LC-MS/MS). Aside from describing their accumulation during fruit 
growth and ripening of both climacteric and non-climacteric fruits, we will discuss 
on common precursors of these phytohormones and points of metabolic diversion, 
degradation, as well as long-distance transport within the plant, which may 
strongly influence their accumulation in fruits at various developmental stages. 
Finally, based on endogenous variations observed during fruit development, we 
will focus on common and distinct features on their role in climacteric and non-
climacteric fruits ripening. 
 
  



Auxinas en el desarrollo del sistema radicular de plántulas de maíz 
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La arquitectura del sistema radicular viene determinada por el crecimiento de la 
raíz primaria (RP) y su ramificación mediante la formación de raíces laterales 
(RLs). El desarrollo una RL incluye la iniciación y desarrollo del primordio de raíz 
lateral (PRL), su emergencia y posterior elongación. La participación de las 
auxinas se ha descrito en todos estos procesos (Lavenus et al., 2013). 
La aplicación de auxinas naturales (ácido indol-3-acético, AIA, AIB) o sintéticas 
(ácido naftalenacético, ANA) inhibe la elongación de la RP y estimula la 
formación de RLs. Sin embargo, estas auxinas también inhiben la elongación de 
las RLs.  
Debido a que RP y RLs presentan estructuras anatómicas idénticas se ha 
considerado que ambas raíces se comportarían de forma similar. Sin embargo, se 
ha observado que RL y RP tienen diferente comportamiento en respuesta a 
cambios medioambientales. Estos cambios modifican los niveles endógenos de 
auxina y se ha propuesto que la hormona actuaría como integrador de las señales 
ambientales (López-Bucio et al., 2013). 
En este estudio se han analizado los efectos de estas auxinas en el sistema 
radicular (Márquez et al., 2016). La aplicación de AIA, AIB y ANA a raíces de 
maíz ha revelado que la elongación de la RP y RLs tiene una sensibilidad 
diferencial. La inhibición de la elongación de la RP es mayor cuando se aplica la 
auxina sintética (ANA) que con las auxinas naturales (AIA, AIB). Además, la 
inhibición disminuye gradualmente con el tiempo cuando se aplica AIA o AIB, 
pero no con ANA. Este resultado sugiere que la raíz posee mecanismos de 
adaptación a altos niveles de auxina endógena. 
Respecto a la respuesta diferencial de la RP y las RLs, el efecto inhibidor de la 
auxina sobre la elongación es mayor en la RP que en las RLs. Concentraciones de 
AIA o IAB inhiben ligeramente la elongación de las RLs producen una gran 
inhibición de la RP. Sin embargo, el grado de inhibición de ANA es más similar en 
los dos tipos de raíces. 
Los datos presentados en este trabajo muestran que un incremento de auxina 
produce un sistema radicular con raíces más cortas. Además, la mayor inhibición 
de la RP respecto de las RLs modifica su arquitectura. Estos resultados sugieren la 
arquitectura radicular se adapta a nuevas condiciones ambientales mediante 
cambios en la concentración de auxina. 
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David Alabadí IBMCP Valencia 
David Esteve-Bruna IBMCP Valencia 
Eduardo Bueso IBMCP Valencia 
Esther Carrera IBMCP Valencia 
Eugenio G. Minguet IBMCP Valencia 
Federico Grau-Enguix IBMCP Valencia 
Francesca Resentini IBMCP Valencia 
Francisco Madueño IBMCP Valencia 
Francisco Vera-Sirera IBMCP Valencia 
Gaetano Bissoli IBMCP Valencia 
Irene García-Maquilón IBMCP Valencia 
Isabel López-Díaz IBMCP Valencia 
Javier Agustí IBMCP Valencia 
Jorge Hernández-García IBMCP Valencia 
Jorge Lozano-Juste IBMCP Valencia 
José Julián IBMCP Valencia 
José León IBMCP Valencia 
Juan Carbonell IBMCP Valencia 
Laura Hernández IBMCP Valencia 
Lluís Martínez-Centelles IBMCP Valencia 
Mª Ángeles Fernández IBMCP Valencia 
Mª Dolores Gómez IBMCP Valencia 
Maite Sanmartín IBMCP Valencia 
Miguel A. Blázquez IBMCP Valencia 
Miguel A. Pérez-Amador IBMCP Valencia 
Noel Blanco-Touriñán IBMCP Valencia 
Pedro Rodríguez IBMCP Valencia 
Rim Hamza IBMCP Valencia 



Rosa Esquinas IBMCP Valencia 
Sherezade Ortiz-Villajos IBMCP Valencia 
Yaiza Gómez-Mínguez IBMCP Valencia 
Daniel Ventimilla IVIA Valencia 
Francisco Tadeo IVIA Valencia 
Antonio López-Garrido -- Valencia 
Mónica Díez-Díaz U Católica de Valencia Valencia 
Rosa Molina U Politécnica de Valencia Valencia 
Sergio Nebauer U Politécnica de Valencia Valencia 
Pedro Carrasco U de Valencia Valencia 
Maribel Colmenares U de Zulia Venezuela 



Historial de Reuniones 
 
 

Simposio Año Lugar 

I 1988 León 

II 1990 Granada 

III 1992 Murcia 

IV 1994 Valencia 

V 1996 Barcelona 

VI 1998 Oviedo 

VII 2000 Santiago 

VIII 2002 Sevilla 

IX 2004 Salamanca 

X 2006 Castellón 

XI 2008 Madrid 

IPGSA 2010 Tarragona 

XII 2012 Las Palmas 

XIII 2014 Murcia 

XIV 2016 Valencia 

XV 2018 Valencia 

 



XV Simposio sobre Metabolismo y
Modo de Acción de Fitohormonas

Jardín	Botánico	de	Valencia
13-14	de	diciembre	de	2018








