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Morpho-physiological responses of two Jatropha curcas accessions under water stress and
recovery

Helena Sal[;_.'na‘l:al1 (hsapeta@itgb.unl.pt), T. Cruz 1, T. Lourenco %, J. M. Costa 2, M.M. Oliveira *
(mmolive@itqgb.unl.pt)

! Genomics of Plant Stress lab, ITQB, Universidade Nova de Lisboa, Portugal
? plant Molecular Ecophysiology lab, ITQB, Universidade Nova de Lisboa, Portugal

Abiotic stresses such as drought or salinity are responsible for important crop losses. Species with
high plasticity response to extreme environmental conditions may help to unveil new stress
tolerance mechanisms. Jatropha curcas has been described to be adapted both to drought and
poor soils, although its major interest is due to the quality of its oil-seed for biofuel production.
The reason of J. curcas tolerance to water-limiting conditions has not yet been explored. To
address this, we have studied the response of two J. curcas accessions from different climate
origins (wet tropical and semi-arid climate) to water stress. Potted plants with 36 days old were
subjected to continuous well watered conditions or to water withhold followed by recovery. Soil
and plant water status, growth and hiomass partitioning, leaf gas exchange and chlorophyll a
fluorescence were assessed. We found no marked differences between accessions in the response
to water stress. Both J. curcas accessions presented a dehydration-avoidance strategy, maintaining
a high water status due to a strict stomatal control and reduced transpiration area. Maoreover,
despite the strong reduction on leaf gas exchange parameters under stress, the plants fully
recovered after rehydration, suggesting a high photoprotection of the photosynthetic apparatus
during severe water stress. The results presented suggest that Jatropha curcas accessions rapidly
respond to drought, withstanding severe water stress and rapidly recovering after re-hydration,
independently of its provenance. This reinforces this species plasticity to unfavorable conditions.
We acknowledge funding from FCT through project PTDC/AGRGPL/101435/2008.
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HOS51 is necessary for maintaining the period of
the Arabidopsis circadian clock

Dana R MacGregor (Unversity of Exeter, UK), Peter D. Gould
{University of Liverpood, LK), Julia Foreman {University of Edinburgh,
Scotiand, UK), Jayne Griffiths (University of Edinburgh. Scotland, UK,
Sarsannah Bird (University of York, UK), Rhiannon H. Page (University
of Exeter, UK, Karen Halliday (University of Edinbungh, Scotland,

LK), Anthony Hall {University of Liverpool, UK} and Steven D. Penfisld
{University of Exeter, LK)

HDE1 is an E3 ubsguitn ligase required for regulating the low temperature
signal fransduction pathway in plants that promotes folerance to freezing.
There is a strong interaction between cold signal transduction and
the circadian clock, as a comectly functioning clock 5 required for the
magnitude and gating of gene expression in response o a cold stmulus.
Here we show that HOS 1 s necessary fior maintaining the 24-howr period
of the Arabidopsis circadian clock

Qur assays demonstrate that hos! mutants exhibit a long period
phenotype that s consistently obsernved in multiple light and temperature
regimes, suggestng HOS1 has a general role in the functioning of the
cenfral oscillator The hosf clock phenotype cannot be explained by
the previously published changes in the expression of cold signalling
or flowering genes, as loss- andior gain-of-fimction mutants in these
genes do not recapifulate a long period phenotype, showing that known
functions of HOST are not causative of the circadian phenotype. HOS 1
has recenty been suggested to be part of the plant nucear pore, and
HOS51-cyan emiting GFP fusions confim the localzation of HOS1 o
the nuclear periphery. As with other nuclear pore mutants, we show that
hos{ exhibits an increase in polylA) mRMNA retained in the nudeus. RNA
analysis shows the timing and amplitude of the core dock machinery is
aftered in hos{, in some cases dramatically.

Together, these data indicate that HO.5 1. perhaps through is abiity o
regulate mRMNA export. is necessary for the crcadian dock to run with
comect peniodicity.

Emial address for comespondence: d macgregon@exeter ac.uk
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The LHY transcription factor couples abscisic
acid signalling to the Arabidopsis circadian
clock

Isabelle Camme (University of Warwick [UoW], UK), Sally 5. Adams
{UoW, UK), Siren Veflingstad (UoW, UK), Sian Davies (UoW, UK
Sascha Ot (oW, UK). David Rand (UoW. UK) and Barbe! Finkenstadt
oW, LK)

The complex regulatory network underlying the oscllatory mechanism
of the plant cireadian dock & now well characterized, but we still know
relatwely litle about how downsiream processes are controlled. Inorderto
inwestigate this question we identified genes that are under direct control
of one of the oscillator the MYE transcription factor LATE
ELOMGATED HYPOCOTYL (LHY). Genome-wide binding sites for LHY
were identified by chromatin immunoprecipitation followed by masseely
parallel sequencing (ChiP-Seq)

Qur results show that LHY regulabes the transcrption of several
thousands of genes. Among these targets were a number of genes
nuolved in e production and perception of the hommone abscisic
acid (ABA) as well as downstream components of signal ransduction
pathways. Furthemmore abscisic acid regulated &lements  were
ovemepresented within LHY-binding regions, suggesting that LHY acts
to modulate the expression of ABA-responsive genes. Interestingly,
ABA was also found to regulate expression of the LHY gene. A number
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of ABA-responsive franscripbon factors were found to bind the LHY
promater in yeast one-hybnd and chromatin immunoprecipitation assays.
Furthermore, expression of the LHY mRMA wars increased upoen spraying
of plants with ABA.

These results uncover a novel regulatory feedback loop bebween LHY
and ABA signaling. ABA plays a role in regulating seed domancy R also
acts to reguiate growth in adult plants and is an important component of
environmental siress responses. Cument work aims o uncover temporal
pattemns of gene expression that are mediated by this interaction between
ABA signaling and the dock, and their relevance to plant physiology.

Email address for comespondence: isabelle. came(@warwick ac uk
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Analysing the structural emror and parameter
uncertainty of two Eucalyptus models differing
in representation of autotrophic respiration

Francesco Minunno (154 UTL, Porugal). Francesce Minunno (1SA
UTL, Portugal), M. Van Ofen (Centre for Ecology and Hydrology,
Secofland, UK), D.R. Cameron (Centre for Ecology and Hydrology.
Seofland, UK), 5. Cerasoli {ISA UTL. Portugal), M. Tomé (1S4 UTL,
Portugal) and Joao 5. Pereira (154 UTL. Portugal)

There is lively discussion about representation of autotrophic resparation
(R, An emprical approach is to model plant respiration, R, as a
constant fraction of gross primary production (P_L In more mechanistic
models, photosynthesis and respration are smulated as partly
independent processes. The aim of this work was to analyse the structural
emor and parameter uncertainty of two versions of a process-based
model that difered in autolrophic respirtion modelling. The original
wersion (IPGM) was based on a constant ratio between net and gross
primary production, whilke in a new wersion (3PGN") R, was modelled as
a fumnction of termperabure and biomass.

The two models were calibrated and evaluated using a comprehensive
dataset consisting of forest growth experimental data and eddy-covarance
measurements. The analysis was performed under a Bayesian framework
consisting of model calibration, model comparison and analysis of model-
data mismatch. In addition, glebal sensitivity analyses of the models were
camied out by means of Momis screening.

Cuwr results support the view that a more mechanistic approach o
mizdelling photosynthesis and respiation as partly independent processes
improved model performance.

Email address for comespondence: jspereiraifiisa.ul pt
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Morphophysiological responses of two
Jatropha curcas accessions under water stress
and recovery

Margarida Oliveira (ITQB, Universidade Nova de Lisboa [UNLL
Portugal), Helena Sapeta (ITQB, UNL. Portugal), Tiage Cruz (TGS,
UNL. Portugal), Tiago Lourenga (ITGB, UNL, Portugal) and Miguel
Corsta (ITQE, UML, Portugal)

Abiotic siresses, such as drought or salinty, are responsible for
important crop losses_ Species with high plasticity response to extrems
emvironmental condiions might help to unwel new siress tolerance
mechanisms.

Jatmpha curcas has been described to be adapted both to drowght and
poor soils, although the main interest in this plant s due to the quality of
its oi-seed for biofuel production. The reason for J. curcas tolerance to
water-imiting conditions has not yet been explored. To address this, we

SEB Anrual Main Meeting / Salzburg 2012



IT0  PLANT ABSTRALTS

have studied the response of two J. cuveas accessions from diferent
climate ongins (wet tropical and semi-and climate) to water stress.

Thirty-six-day-old potted plants were subjected to continuous well
watered conditions or to water withhold followed by recowery. Soi and
plant water status. growth and biomass partitioning, leaf gas exchange
and chiorophyd a flucrescence were assessed.

We found no marked diffierences between accessions in the response
o water siress. Both J. curcas accessions presented a dehydration-
avoidance sirategy, mantaning a high water status dwe to 3 sirict
stomatal control and reduced transpiration area Moreower, despite the
strong reduction in leaf gas exchange parameters under siress, the plants
fully recowered after rehydration, suggesting high photoprotection of the
photosynthetic apparatus during severe water stress.

The results presented suggest that J. curcas accessions rapsdly respond
o drought, withstanding severe water stress and rapidly recovering after
rehydration, independently of its provenance. This reinforces this speces
plasticity to unfavourable conditions.

We acknowledge funding from FCT through project PTDCY
AGRGPLAD143552008.

Emial address for comespondence: mmolve@itgh. unl.pt
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Shoot development controls variations in

plant leaf area for Medicago sativa grown at
contrasted densities in pure and mixture stands

Tiago Celso Babdissera (INRA UR4 P3F, France). Ela Frak (INRA
UR4 P3F, France), Paulo C_F. Carvalho (Universidade Federal de Rio
Grande, Brazil) and Gaétan Louam (INRA UR4 P3F, France)

Understanding the factors afecting leaf area (LA) expansion is crtical to
predict changes in light interception and crop preduction. In Afala, LA S
usually described as the product of a leaf number, resuling from plant
dewelopment, by an average leaf size resulting from leaf tissue expansion.
Sauch a representation has yielded good results in pure stands, assuming
that shoot development follows a fived predetermined pattern. In mixtures
with grasses, however, the prevailing light conditions can change a kot
from pure stands and can vary significantly over the season as a result
of the change in dominant species. The aim of this work was to rank the
components of LA in thewr response to light avaiability in onrder to set up
the basis of a generc LA model.

Two experiments were camed out outdoors with ferimgated pots. The
first studied LA and potential shoot development on isolated plants. The
second shudied modiication of LA nduced by plant spacing in pure stands
(LD, HD) and mixture stands with tall fescue (LD __; HD__ ). Shoot number,
shoot dewelopment (including branches) and leaf size were recorded.

The potential shoot development was stable in function of themnal
time, showing a linear appearance of branches and leaves. Competition
for light reduced plant LA expansion. At low light compettion, both leaf
size and shoot development contributed o explain varations in LA At
high density. shoot number and shoot development explained most of the
vanations. The diffierent components of LA presented diferent responses
o light awalkability.

Emial address for comespondence: tiago baldisserai@iusignan.inra.fr
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Systems biclogy of root responses to nitrogen:
Insights from nodulation and natural variants

Jesper T Gronknd (University of Warwick [UoW], UK). Sanjeev Kumar
{LoWW, LK), ¥ing Wang (UoW, LIK), Nigel Burroughs [UadW, LK),
Sascha Ottt (oW, UK) and Miriam L. Gifferd (Lio¥, UK)

Plant development s remarkably plastc in response fo changing
enwinenmental conditions. The abdity of a plant to mpidly modify lateral noot
outgrowth in respense to changes in nitogen stabus inthe soil is a dramatic
example of such adaptation. f we could understand more about this, we
could enhance crop productivity. We are analysing nitrogen responses in
Arabidopsis natural variants (ecotypes ). In an approach akin to expression
quantiative trait ki mapping. this has inveleed combining genome-wide
association studies inwhich 98 different ecotypes are associated with root
architecture traits, with the association of ranscripiome profiles. from the
response to nittgen-treatment in a subset of the ecotypes.

¥We are also investigating the evolution of nitrogen-fixing nodulation.
Transfeming this ability to our staple crop species could provide a solution
o environmentally detrimental and costly nitogen fertlisers. We are using
comparative genomics to compare gene expression responses during
nodulation and to nitrogen influx in the legume Medicago fumcatla to
the nonlegume Arsbidopsis thaliana over multi-point Bme courses.
Fluorescence-activated cell sorting is used o isolate individual root cell
types refevant o these dewelopmental pathways (pericyde and corbex)
for expression analysis. By separating signals from different cell types
we can decomvolute the genomic programs mediating cell identity from
those confermng environmental responses and this will be able to gain
new perspectives on the esolutionany ongn of nodulation.

Emial address fior comespondence: miram. gifordi@warwick.ac.uk
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The role of the rice transcription factors
OsEREBP1 and OsEREBP2 in the responses to
abiotic stress

Tania 5. Sema (Universidade Nova de Lisboa [UML] Portugal), André
Cordeiro (UNL, Portugal), Duarte Figueiredo (LML, Portugal), Isabel A
Abrew (UML, Portugal), Alvaro Sebastian (Laboratory of Compatational
Biology Estacion Expermental de Aula DeiCSIC, Spain), Lisete
Fermandes (Institwto Gulbenkian de Ciéncia), Bruno Contreras-Morsira
{ARAID, Spain), Laszio Bogre (Royal Holloway University of Lomdon,
LK), M. Margarida Oliveira (UML, Portugal) and Melson J M. Saibo
{UNL, Portugal)

Rice (Oryza safiva L) is an important crop and it is affected by adverse
enwienmental conditions, such as salt and drought stress. High salinity
causes reduced growth and yield. To survive. plants need to perceive and
fransduce stress signals to activate the tolerance mechanisms. In nce,
the sali-induced Foot Meander Cuding (OsRMC) encodes a recephor-
like kinase proposed to be involved in salinity perception and described
# a negative regulator of salt siress responses. In onder o befter
understand the regulation of OsRMC, we have identified (by yeast-one
hytrid) and characterized the function of bwo Efhylene Response Factor
transcription fackor binding to the OsRWC promioter. We have shown that
both OsEREBP1 and OsEREBP2 bind to a GCC-Hike motf and negatively
regulate OsRMC gene expression. Under salt stress, OsEREBF{
transcript level was not affected but its prokein level ncreased due to higher
probein stability, indicating that postiranslational modifications might be
nuolved. Supporting this hypothesis, Arabidopsis plants over-expressing
OsEREEP1, when subjected to high salinity, showed a response similar o
wikd-ype. These ranspenic plants also revealed that OsEREEP1 plays a
role in abscisic acid and drought stress responses. The OsEREBPZ was
shown to be a multifunciional transciption factor putatively invohed in
drought. salt, abseisic acid and cold responses. In addition, the abnomal
phenotype displayed by Ambidopsis plants over-expressing OsEREBP2
and the dereguiation of dewelopmentrelated genes suggesied that
OsEREEP2 has also a mole in rice developmental processes.

We acknowledge funding from FCT: PhD scholarship (SFRHS
BL/31011/2008), Programa Ciéncia 2007 financed by POPH (QREN)
and project PFTDC/B1A-BCMTOBDBE3E62008.

Emial address fior comespondence: aniasi@itgb unl pt
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DROUGHT STRESS TOLERANCE IN TWO JATROPHA CURCAS ECOTYPES

‘Helena SAPETA', Tiago CRUZ', Tiago LOURENGO', J. Miguel COSTA?, Piet VAN DER LINDE®, M. Margarida OLIVEIRA'

1 Genomics of Plant Stress lab, ITQB and IBET
2 Plant Molecular Ecophysiology fab, ITQB
3 Quinvita

Species better adapted to extreme environmental conditions may help to unveil new tolerance mechanisms fo transfer to specific crops. Jatropha
curcas is quite well adapted to drought conditions and to poor soils, although its major interest relies on the quality of its oil-seed for biofuel
production, Aiming to understand J. curcas tolerance to water-limiting conditions we are following physiological and molecular approaches to
characterise the behaviour of two different ecotypes (adapted to arid or to wet tropical regions) when submitted to drought stress. Seeds from both
ecotypes were germinated in a growth chamber with controlled conditions, for stress application and periodic analyses. At the physiological level
we have monitored leaf gas exchange, water relationships and growth under water deficit and during recovery. To gain insight into the molecular
mechanism of drought tolerance in J. curcas, putative key genes were targeted. In a first approach, target candidates described as invoived in
drought tolerance (regulating gene expression, osmolyte accumulation and signal transduction) were selected from heterologous species. Fragments
of Jatropha homologous genes were obtained (300-600bp), sequenced, confirmed for homology, and extended by RACE-PCR. When fargeting
specific Jatropha sequences, specific primers were designed and used in expression analyses along the drought-stress period. Preliminary
experiments suggest that the two ecotypes use discriminating strategies to cope with waler stress, especially after re-hydration. The changes
observed in the gene expression profiles of the target genes are not enough to justify the different plant behaviour. New experiments are being
conducted using longer stress and recovery periods. The new data is providing a more clear idea of the most important time points for RNA
collection, aiming to identify genes differentially expressed in the two ecotypes and putatively responsible for the differential adaptation,
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CHARACTERIZATION OF THE NITROSATIVE STATUS OF CITRUS PLANTS UNDER VARIOUS
ABIOTIC STRESS CONDITIONS

Vasileios ZIOGAS', Georgia TANOU', Panagiota FILIPPOU?, Grigoris DIAMANTIDIS', Vasileios FOTOPOULOS?,
Athanassios MOLASSIOTIS'

T Faculty of Agriculture, Aristotle University of Thessaloniki
2 Department of Agricultural Sciences, Biotechnology and Food Science, Cyprus University of Technology

Nitric oxide (NO) is a key signaling molecule in plants. However, little is known about the metabolism of endogenous NO in plants under abiotic
stress conditions. Using citrus plants (Citrus aurantium L.) exposed to six different abiotic stress conditions (high light intensity, continuous dark,
low and high temperature, drought and salinity), several aspects of the NO-related metabolism were inwestigated. Abiotic stress treatments induced
the de novo production of NO in the leaves of plants, particularly in the case of high temperature and high light conditions. Increased NO production
was localized in different leaf tissues by confocal laser scanning microscopy using the fluorescent probe 4,5-diaminofiuorescin diacetate. Salinity
and drought resutted in strong nitrosative DNA damage induced by peroxynitrite, further indicating that abiotic stress situations elicited nitrosative
challenges in citrus plants. S-nitroso glutathione reductase (GSNOR) appeared to play a signaling role in the high light, dark and high temperature
responses. Protein Tyr-nitration targets were also characterized in leaves of citrus subjected to abiotic siress. Gene expression profiling experiments
revealed that a wide array of NO-associated genes in citrus plants (including AOX, X0, GSNO, NOS, NiR and NR) were regulated by abiotic stress
conditions. These results indicate that nitrosative responses are key components in the plant's behavior against environmental stimuli and provide
further insights into NO-mediated signaling.
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Additionally, proteomic analysis of the plasma
of CSB cells, allowed the identification of several

mental changes are occurring in the last decades.
cmanges have lead to a decline in the available arable

wie food demand is increasing. This is partly due to crop
resulting from abiotic stresses such as drought or
©v. In this context, species particularly well adapted to
=me environments may help to unveil new stress tolerance
to aid in breeding programs. Jatropha curcas is
ing much attention due to the quality of its oil-seed for
oroduction of biofuel. This species is also interesting due to
z2pacity to grow on marginal soils. This results from a
-2l tolerance to water limiting conditions. However, the
“===on for this tolerance has not yet been explored. Our goal
& = extend the basic knowledge on the biology of J. curcas
‘wmucht  tolerance, combining molecular  biology and
s=erohophysiological analyses.

S.r=tive key genes responsible for the drought tolerance
smecnznism of J. curcas were targeted from several candidates
wmown from heterologous species as being involved in drought
“ar=ss response (e.g. ABF, ABI) using degenerate primers. The
wmr=ned fragments were extended by RACE for full-lenght
“Ima. Specific primers were designed for the Jatropha
s=a.ences and used in expression analyses during the
@mught-stress treatment. Other molecular techniques are also
=mwsaged aiming to identify putative new genes responsible
“ur crought stress tolerance (e.g. SSH library).

“Zme=-month old seedlings of two different ecotypes (adapted to
@ or to wet tropical regions) were subjected to control and

proteins up-regulated in response to high temperature.

e A, Glissant D, Tavares R, Gerds H e Delrot S (2006) Pathways of glucose regulation of monosaccharide transport in grape cells. Plant
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[ nveiling new drought stress tolerance genes in Jatropha
curcas: an integrative approach

g 1 s . v 1 ol v 2 . 3 . - 1
a Sapeta’. Tiago Crus'. Lourenco T.', Costa JJM.2. van der Linde P.”, Oliveira M.M.
f Plant Stress lab, ITQB-Univ. Nova de Lisboa and IBET, Av. Republica, 2780-157 Oeiras, Portugal; * Plant Molecular Ecophysiology lab,
niv. Nova de Lisboa, Av. Republica, 2780-157 Oeiras, Portugal; > D1 Oils Plant Science Ltd, Margarethaland 405, 2591 VC The Hague

stress conditions (two weeks of drought, followed by one week
of recovery).
photosynthesis efficiency) and RNA extractions for molecular

Morphophysiological measurements (e.g.
analyses were performed weekly.

In control conditions both accessions presented similar
physiological and growth pattern (stem diameter, number of
leaves, stomatal index, etc). However, differences were
observed in water use efficiency and photosynthetic rate.
Under drought stress conditions, the wet tropical region line
arrests growth and strongly invests in biomass production
during the recovery period. On the other hand, the arid region
line maintains a low growth rate during the drought period and
presents a lower biomass production during the recovery
period. Both photosynthesis rate and stomatal conductance
reached values close to zero after eight days of water stress.
Differences in these parameters could be found again during
the recovery period where the wet tropical region line shows a
faster recovery. The transcript profile of selected drought
related genes during the stress treatment were also analyzed
by RT-PCR.

In conclusion, the two ecotypes showed discriminating
strategies to cope with water stress especially after re-
hydration. Although gene expression profiles of the selected
genes do not explain these differences alone, some
correlations can be established between gene expression and
plant responses.




