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Dear Friends! Dear Colleagues!

Welcome to the International Conference OPlant Biotic Stresses & Resistance Mechanisms II€!

Welcome to Vienna!

Despite that the modern crops are mainly intensive, high yield with good resistance to biotic and abiotic
stresses, in some regions up to 30% yield are lost every year because of diseases or other stresses. Biotic
Stress occurs as a result of damage done to plants by other living organisms, such as bacteria, viruses, fungi,
parasites, beneficial and harmful insects, weeds, and cultivated or native plants. Therefore, understanding
the mechanisms of resistance to plant biotic stress and plant diseases is one of the hottest areas of modern

plant science.

The main goal of the International Conference “Plant Biotic Stresses & Resistance Mechanisms Il” is to
bring researchers from academy and industry to present and evaluate the most recent advances in
understanding and combating plant biotic stress and resistance mechanisms and to define new frontiers in

this field.

The program of Plant Biotic Stresses & Resistance Mechanisms Il Conference combines plenary lectures
and session talks, posters sessions, special sessions on career development, and tours of the beautiful city of

Vienna.

Vienna is considered one of the most beautiful cities in the world, situated in the heart of Europe. Due to its
geographic and geopolitical location, Vienna has become a popular conference place in recent years. Today,
Vienna offers a range of sights from old historical palaces, classical concerts and outstanding opera
performances to typical Viennese coffee houses and restaurants — all brought together in incomparable
Viennese harmony. The International and Local Organizing Committees have compiled a well-balanced

agenda with state-of —the —art professional highlights and social events to be remembered.

Prof. Jonathan Jones, Chair of the International Organizing Committee

Prof. Alisher Touraev, President of VISCEA, Chair of Local Organizing Committee
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Conviron is the leading global supplier of controlled environment systems for research and testing
applications in plant science, as well as biotechnology, pharmaceuticals and industrial markets.
From small chambers to large-scale research greenhouses, Conviron systems can be found in over

90 countries in facilities that range from small stat-ups t o many of the worl
prestigious research institutions.

We work closely with customers to design or customize products to meet their unique
requirements. Our portfolio includes single and multi-tier reach-in and walk-in chambers for plant
growth, Arabidopsis, tissue culture, germination and incubation. We offer the Conviron Growth
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Genomic Strategies for the Durable Control of Plant Diseases

Brian Staskawicz

Department of Plant and Microbial Biology, University of California, Berkeley, CA 94720-3120 USA

In our laboratory, we are developing genomic strategies are part of a multi-pronged approach to develop
durable resistance in agricultural crops such as cassava and tomato. | will discuss our current data on the
identification of host susceptibility genes in these two crops. Furthermore, | will present our recent results
on the use of genome editing tools to create mutations in host susceptibility genes. In addition, | will
present our data on the use of high-throughput next generation lllumina sequencing to rapidly and
inexpensively sequence the genomes of many different natural field strains of Xanthomonas sp. that cause
disease on both tomato and cassava. We have annotated these genomes and have employed computational
approaches to determine the constellation of type three effectors that are maintained in these strains and
also which effectors are conserved in all of the strains. One class of the bacterial type three effectors is the
transcription activator-like (TAL) effectors that are delivered to the host and target the induction of host
susceptibility genes. Finally, | will discuss molecular strategies to engineer resistance to these important
bacterial pathogens based on our knowledge of pathogen effectors.

Paired Plant Immune Receptors; it Takes Two to Tango

Jonathan Jones, Zane Duxbury, Yan Ma, Panagiotis Sarris, Sung Un Huh, Kee Sohn, Kamil Witek and Oliver
Furzer

Sainsbury Lab, Norwich, UK

Diverse microbes cause plant disease, and plants have evolved a robust innate immune system that
recognizes pathogen molecules and then activates defense. Immunity involves cell surface receptors and
also intracellular nucleotide binding, leucine rich repeat immune receptors, encoded by Resistance (R)
genes, that resemble mammalian NOD-like receptors (NLRs). For some responses, two co-functioning NLR
proteins are required. The adjacent, divergently transcribed, Arabidopsis RPS4 and RRS1 genes, encoding
TIR-NLR proteins, are both required for resistance to bacteria that deliver AvrRps4 or PopP2 effectors, and
for resistance to certain Colletotrichum fungal strains. An additional gene pair, RPS4B and RRS1B, is closely
linked to RPS4/RRS1 and confers recognition of AvrRps4 but not PopP2. Both RRS1 and RRS1B carry a C-
terminal WRKY domain that targeted by AvrRps4 and PopP2, suggesting these effectors target WRKY
domains. Using R gene enrichment sequencing (Renseq), we explored the diversity of such “integrated
decoy” and other NLRs in Brassicaceae and Solanaceae. We have used genetics, biochemistry and cell
biology to investigate the functions and mechanisms of the RPS4/ RRS1 complex, and | will suggest how
these and other paired R proteins might convert pathogen effector recognition into defense activation.
Williams et al.. Science (2014) vol. 344 (6181) pp. 299-303

Sohn et al. PLOS Genetics doi: 10.1371/journal.pgen.1004655

Saucet et al (2015) Nat. Comms 6 pp. 6338

Jupe et al (2013) The Plant Journal (2013) 76, 530-544

Sarris et al (2015) Cell 161 pp. 1089-1100
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Bacterial Infection Stabilizes Immune-Responsive Arabidopsis AGO2 by Suppressing PRMT5-Mediated
Arginine Methylation

Po Hu?, Pei Zhu?, Kimberly Chu?, Yingsheng Wang? and Hailing Jin®

1Department of Plant Pathology and Microbiology, Center for Plant Cell Biology and Institute for Integrative Genome Biology
2Department of Chemistry, University of California, Riverside, California, CA-92521, USA

Argonaute (AGO) proteins are the key players of the RNA interference (RNAi) pathways, which regulate
almost all the cellular processes in Eukaryotes. We have shown that Arabidopsis AGO2 is highly induced by
bacterial infection, and positively regulate plant immunity. We hypothesize that AGO2’s function is
modulated by its associated proteins. Here, we show that AGO2 is associated with PROTEIN ARGININE
METHYLTRANSFERASE 5 (PRMT5), which directly catalyzes arginine methylation of AGO2. Bacterial infection
down-regulates PRMT5 and stabilizes AGO2, which in turn activates plant resistance. These findings suggest
that post-translational modifications modulate AGO2 function in plant innate immunity.

The Circadian Clock Component LUX ARRHYTHMO Regulates Arabidopsis Defense through Salicylic Acid

Chong Zhang, Nicholas C. Seitz, William Angel, Daniela Lin, Amelia Hallworth, and Hua Lu
Department of Biological Sciences, University of Maryland Baltimore County, 1000 Hilltop Circle, Baltimore, MD 21250, USA

Recent studies showed that two morning clock genes regulate Arabidopsis defense independently of the key
defense signaling mediated by salicylic acid (SA). To further understand the defense role of the circadian
clock, we tested a mutant impaired in the evening clock gene LUX ARRHYTHMO in defense responses. We
found that the lux-1 mutant was compromised to both basal and R-gene mediated defense against
Pseudomonas syringae and expression of the LUX gene was suppressed by P. syringae. We also found that
lux-1 had transiently reduced SA accumulation after infection with a virulent P. syringae strain. Consistent
with this result, the double mutant acd6-1lux-1 displayed suppression on dwarfism, cell death, and
constitutive defense phenotypes, compared with acd6-1, which has been used as a convenient genetic tool
in gauging the change of defense levels. We further found that two downstream targets of LUX also could
modulate resistance to P. syringae via the SA pathway. Together our results showed that LUX regulates
Arabidopsis defense, possibly through affecting SA signaling. These data further support crosstalk between
the circadian clock and plant innate immunity and also reveal different molecular mechanisms underlying
clock-defense crosstalk.

12



Forward-Reverse Genetics to Discover Quantitative Resistance Genes in Plants to Biotic Stress

Ajjamada Kushalappa

Plant Science Department, McGill University, Ste. Anne de Bellevue, Quebec, Canada H9X3V9, Canada

Quantitative resistance in plants against pathogen attack is polygenically controlled and because of the
complexity its application in breeding has been limited. The resistance is durable but the mechanisms and
the genes involved are unknown. We present here a forward and reverse genetics approaches to decipher
the mechanisms of resistance and to identify candidate genes. Metabolomics and RNA sequencing of
contrasting, resistant and susceptible, genotypes inoculated with pathogen identified hundreds of
metabolites and genes with high fold change in abundance or expression in resistant genotypes. These
metabolites were mapped in metabolic pathways to link metabolites to genes. The genes identified were
mainly transcription factors modulating significant levels of resistance. Candidate genes identified in wheat
against fusarium head blight and in potato against late blight reveal a hierarchy of genes involved in the
production of metabolites that directly suppressed pathogen development and progress within plant. The
nonfunctional gene sequences in susceptible cultivars can be identified and replaced with these functional
guantitative resistance genes, based on CRISPR-Cas9 system to develop cisgenic cultivars.

ZmTrxh, Acting as a Molecular Chaperone, Confers Strong Early Resistance to Sugarcane Mosaic Virus
(SCMV) in Maize

Qingqing Liu!, Huanhuan Liu, Yangqing Gong?, Yongfu Tao?, Jianrong Ye!, Thomas Lubberstedt?, Mingliang
Xu!

1China Agricultural University, Beijing, China, 100193
2l]owa State University, Ames, IA, 50011, USA

Sugarcane mosaic virus (SCMV) causes the devastating maize viral disease and poses a grave threat to global
maize production. Two loci, Scmvl and Scmv2, act epistatically to confer complete resistance to SCMV.
While Scmvl imparts strong early resistance to SCMV, Scmv2 mainly functions at late stage. Genomic
dissection and transgenic complementation demonstrated that ZmTrxh, encoding a novel h-type
thioredoxin, is Scmvl. The deficiency or impaired expression of ZmTrxh compromises maize resistance to
SCMV. ZmTrxh protein, characterized by no canonical cysteines in the functional domain, is dispersed in
cytoplasm and solely acts as a molecular chaperone. ZmTrxh strongly interacts with the small (ZmRbCS) and
large (ZmRbCL) subunits of the ribulose-1,5-bisphosphate carboxylase/oxygenase in maize, and the P3
protein of SCMV. Intriguingly, the P3 protein was found to hijack ZmRbCS/ZmRbCL for the viral
pathogenicity. ZmTrxh is thus inferred to safeguard ZmRbCS/ZmRbCL from being hijacked by SCMV. The
current data reveal a distinct mechanism in plant innate immunity to viral infection, whereby the dominant
ZmTrxh gene imparts passive resistance to SCMV infection.
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TILLING and Ecotilling for Disease Resistance in Citrus

Joanna Jankowicz-Cieslak?, Krzysztof Kolloch?, Owen A. Huynh?, Janice Zale?, Bradley J. Till*

1Plant Breeding and Genetics Laboratory, IAEA, Vienna, Austria
2Research Programs & Services, Mature Citrus Biotech Facility, University of Florida, USA

Huanglongbing (HLB), or citrus greening, thought to be caused by Candidatus liberibacter asiaticus bacteria
and canker caused by Xanthomonas citri bacteria cause pervasive and devastating diseases in the citrus
industry. HLB is now widespread in the Americas, Africa, Asia, India and the Middle East. Canker is
widespread in Florida. Worldwide devastation of this clonally propagated crop is foreseeable if action is not
taken to produce disease tolerant citrus. Genetic diversity and disease tolerance in citrus is lacking due to
continual vegetative propagation and nucellar embryony. We are developing both forward and reverse-
genetic approaches for citrus improvement via mutagenesis. A pilot study to develop mutation discovery
methods in citrus was carried out with 9 accessions and 3 resistance genes (NPR1 like, suppressor of NPR1
and RPP5). Natural polymorphism discovery by Ecotilling revelaed potentially deleterious heterozygous
allele in each gene target. Heterozygosity varied between genotype and primer pair. The highest level of
heterozygous polymorphism detected was 7 SNPs/1514 bp. This pilot work suggests mutation induction and
discovery is a feasible in citrus.

Early Events in the Interaction between Grapevine (Vitis spec.) and Downy Mildew (Plasmopara viticola).

Giinther Buchholz?, Jochen Bogs?, Andreas Kortekamp?

IDLR Rheinpfalz — Abteilung Phytomedizin; 67435 Neustadt/Weinstrasse, Breitenweg 71, Germany
2RLP AgroScience/AlPlanta-Institute for Plant Research; Neustadt/W., Breitenweg 71
3DLR Rheinpfalz, Studiengang Weinbau und Oenologie, 67435 Neustadt/W., Breitenweg71

Downy mildew, caused by the obligate biotrophic oomycete Plasmopara viticola, is one of the major threats
of viticulture. Its control requires regular application of fungicides. As a result 58.2 % of all fungicides were
sprayed in viticulture covering only 4.9 % of the European agricultural area. Several sources of resistance to
downy mildew have been described in American and Asian wild Vitis species and were used in resistance
breeding. Though some resistance loci have been identified, the mechanisms of resistance are still poorly
understood. The early events of the infection process seem to be particularly critical for the establishment
of the pathogen within susceptible varieties on the one hand and on the other hand for the successful
defence in the case of tolerant genotypes.

In the frame of a cooperation project funded by the European Union (http://www.bacchus-science.eu/),
tests focussed on these early events are established to analyse molecular and physiological parameters both
on side of the host and the pathogen. In order to examine early infection processes both physiological
responses of pathogen and host were observed and host molecular markers were developed. For in vivo
observation of early infection states and the infestation progress staining of microscopical samples were
developed and optimized.
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Monitoring the Metabolic Fate of Deoxynivalenol and its Acetylated Derivatives in Wheat Suspension
Cultures Reveals Novel Metabolites and Differences in Metabolization of Acetylated Deoxynivalenol
Derivatives

C. Schmeitzl!, B. Warth?, P. Fruhmann3, H. Michimayr?, A. Malachova?, F. Berthiller?, R. Schuhmacher?, R.
Krska? and G. Adam?

1Department of Applied Genetics and Cell Biology, University of Natural Resources and Life Sciences (BOKU), Muthgasse 18, Vienna,
Austria

2Center for Analytical Chemistry, Department for Agrobiotechnology, BOKU, Konrad-Lorenz-Str. 20, Tulln, Austria

3Institute of Applied Synthetic Chemistry, Vienna University of Technology, Getreidemarkt 9/163-0C, Vienna, Austria

Fusarium head blight in wheat is frequently leading to contamination of grain with deoxynivalenol (DON), a
highly effective inhibitor of eukaryotic protein synthesis. We monitored the metabolization of DON and its
acetylated derivatives 3 acetyl DON (3-ADON), 15-acetyl-DON (15 ADON) and 3,15 diacetyl DON in wheat
suspension cultures via LC-MS/MS. We found that the recently identified 15 ADON-3-glucoside is the major
metabolite of 15-ADON. Furthermore we identified DON-15-glucoside and 15-ADON-3-sulfate as novel
metabolites in wheat cells. 3-ADON treatment lead to a significant higher intracellular content of toxic
metabolites after 6 hours compared to all other treatments. This study highlights significant differences in
the metabolization of DON and its acetylated derivatives.

Towards Elucidating the Molecular Mechanism Underlying rpgd-Mediated Ug99 Resistance in Barley

Shyam Solanki, Robert Brueggeman

Department of Plant Pathology, North Dakota State University, Fargo, ND 58108, USA

The recessive and temperature sensitive rpg4/Rpg5 locus from barley line Q21861 confers resistance
against many races of the wheat stem rust pathogen Puccinia graminis f. sp. tritici, including race TTKSK
(a.k.a. Ug99). The rpg4/Rpg5 locus has been cloned and shown to harbor three tightly linked genes required
for resistance: Rpg5, HvRgal, and HvAdf3. Genetic and Functional analysis data collected from crosses
between Q21861 (rpg4/Rpg5+) and several susceptible lines determined that the recessive nature is
associated with a putative dominant susceptibility factor, HyPP2C.1, which is perfectly linked with Rpg5. The
predicted RPG5 and RGA1 proteins are NLRs, additionally RPG5 also contains protein kinase (PK) domain
that may function as an “integrated decoy”. Preliminary data shows early pre-haustorial Rpg5 upregulation,
thus we hypothesize an early recognition event that primes a later ETI response through the NLR pair RPG5-
RGA1, elicited by an effector that targets the RPG5 PK sensory domain in an integrated decoy manner. RPG5
also contains a putative temperature sensitivity motif in its LRR domain similar to the SNC1 R-protein in
Arabidopsis. Thus, we hypothesize RPG5 is the temperature sensitive component of rpg4/Rpg5-mediated
resistance against race TTKSK.
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Net Form Net Blotch Susceptibility Genes on Barley Chromosome 6H

Robert Brueggeman?, Jon Richards?, and Tim Friesen® 2

1Department of Plant Pathology, NDSU, Fargo, North Dakota, USA
2USDA-ARS, Fargo, N D, USA

Net form net blotch (NFNB), caused by the necrotrophic fungal pathogen Pyrenophora teres f. teres (Ptt), is
a destructive foliar disease of barley. Resistances to Ptt from diverse barley lines were characterized and
most QTL map to the centromeric region of chromosome 6H. The dominant susceptibility genes Spt.r and
Spt.k, (previously known as rpt.k and rpt.r) at the 6H locus confer susceptibility to NFNB isolates 6A and 15A
in the lines Rika (R) and Kombar (K), respectively. A RxK high-resolution map was constructed (2,976
gametes) and the Spt.r/Spt.k region was saturated with markers. Spt.r was delimited to 0.06 cM covered by
a single physical contig of four cv. Morex BAC clones currently being sequenced. The Spt.k gene was
delimited to 0.27 cM and within the delimited region, found on four physical contigs, a leucine rich repeat
receptor-like gene containing a predicted N-terminal transmembrane domain was identified as the best
candidate Spt.k gene. Allele analysis of 45 diverse barley cvs with differential reaction to 6A and 15A
showed a correlation between susceptibility to NFNB isolates 6A and 15A and the presence of the R or K
alleles of the candidate Spt.k gene. Spt.r/Spt.k may interact with necrotrophic effectors in an inverse gene-
for-gene manner.

Structure and Biochemistry of the Solanum lycopersicum CNL NRC1

John F.C. Steele, Richard Hughes, Mark J. Banfield

Dept. of Biological Chemistry, John Innes Centre, Norwich, NR4 7UH, UK

Plant disease-resistance proteins (R-proteins) rapidly detect and respond to the presence of adapted
pathogens by triggering localised cell death, termed the hypersensitive response (HR). This response can
effectively prevent colonisation by biotrophic and hemi-biotrophic pathogens, and is therefore of

great agronomic interest.

How these cell-death inducing proteins function and are regulated post-translationally has been the focus of
many in vivo studies, resulting in a number of functional models. These models are qualitatively informative
but lack the biochemical details required to make informed mutations, leading to a reliance on random
mutagenesis and extensive screening to obtain a desired phenotype.

A major limitation for biochemical studies of R-protein behaviour has been the difficulties of obtaining
sufficient protein suitable for study. Following extensive screening we have expressed and purified both the
coiled-coil (CC) and NBARC (Nucleotide binding with similarity to Apaf-1, R-proteins and Ced-4) domains of
S. lycopersicum NRC1 solubly in E. coli. With these unique tools we have used x-ray crystallography,
enzymatic assays and protein interaction studies to test current models of R-protein regulation. Although
we can confirm two main features of prevalen

16



The Structural Basis of Effector Detection by a Plant Immune Receptor

Magbool Al, Saitoh H?, Franceschetti M?, Stevenson CEM?, Uemura A?, Kanzaki H2, Kamoun S3, Terauchi R?
& Banfield MJ*

1Dept. of Biological Chemistry, JIC, & (3)TSL, Norwich Research Park, Norwich, NR4 7UH, UK
2|BRC, Narita 22-174-44, Kitakami, Iwate 024-0003, Japan

Adapted plant pathogens deliver effector proteins to hosts to perturb cellular processes that benefit growth
and dissemination of the parasite. One layer of the plant innate immune system surveys the intracellular
environment for the presence or activities of these effectors and triggers a response that restricts disease.
How intracellular immune receptors of the Nucleotide-binding, Leucine-rich-repeat class (NLRs) detect
effectors remains poorly understood, but one mechanism is by direct binding. Recently, the presence of
unconventional domains integrated into the classical NLR architecture of CC/TIR-NBARC-LRR domains, and
their roles in directly binding effectors, has become a focus of study. We have been investigating the direct
interaction of an effector family from the rice blast fungus, M. oryzae, with a rice NLR that contains an
integrated effector sensor/decoy domain, and the importance of this recognition event in initiating
immunity-related signalling. A combined protein structure and function analysis in vitro and in planta has
revealed the molecular details of a recognition event that initiates resistance to rice blast disease.

Molecular Bases of the Action of Paired R Genes

Stella Césari'?, Diana Ortiz!, Hiroyuki Kanzaki3, Peter Dodds? Ryohei Terauchi?, Thomas Kroj*

1INRA, UMR BGPI, F-34398 Montpellier, France
2CSIRO Plant Industry, Canberra, Australia
3lwate Biotechnology Research Center, Kitakami, lwate, Japan

Plant diseases are among the most serious problems in agriculture and the use of disease resistance (R)
genes is a key strategy for crop protection. The vast majority of R genes code for NLR multidomain proteins
that are characterized by a nucleotide-binding domain and leucine-rich repeat domains and that act as
immune receptors recognizing pathogen-secreted virulence factors termed effectors. Many paired NLRs
have been identified where both proteins are required to confer resistance to pathogens. Recent detailed
studies on the rice NLR pair RGA4/ RGAS has revealed how such R protein pairs function together. The
paired partners interact physically to form a hetero-complex receptor in which each partner plays distinct
roles in effector recognition or signaling activation. A protein domain related to the copper chaperone ATX1
and potentially targeted by effectors has been fused to RGA5 where it acts as a bait to trigger defense
signaling by RGA4 upon effector binding. We propose an ‘integrated decoy’ model to describe this kind of
effector recognition and will discuss the hypothesis that this mode of action of NLR pairs may be common to
many other plant NLR pairs and is conserved across both monocotyledonous and dicotyledonous plants.
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SnTox1 is a Dual Function Effector Involved in Inducing PCD and Protecting from Host Produced Chitinases

Friesen T. L.>2, Liu Z.2, Gao Y.2, Kim Y.M.2 and Faris J. D.!

1USDA-ARS, NCSL, Fargo, ND USA
2North Dakota State University, Fargo, ND USA

Parastagonospora nodorum is a wheat pathogen that produces an arsenal of necrotrophic effectors that
induce necrosis. SnTox1 likely interacts with the host gene Snnl, a receptor kinase harboring an
extracellular binding domain, a transmembrane domain and an intracellular protein kinase domain.
Recognition of SnTox1 is followed by a classical defense response involving PCD, an oxidative burst, DNA
laddering, and up regulation of several PR proteins, including chitinases. Recognition however, gives the
advantage to the pathogen rather than the host. Post-recognition, P. nodorum has the ability to modulate
the defense response that is a direct result of SnTox1 recognition. SnTox1 has homology to chitin binding
proteins and SnTox1 does bind chitin in vitro. We have purified and used wheat chitinases to show that P.
nodorum strains harboring SnTox1 have stronger growth in the presence of chitinase compared to those
without SnTox1, likely due to SnTox1 protection. We transformed other pathogens and non-pathogens with
SnTox1 and although only some became wheat pathogens, all had increased protection from the wheat
chitinases. The dual function of SnTox1 explains the high prevalence of SnTox1 in the P. nodorum global
population.

Investigating the Host-Pathogen Interaction between Phytophthora Infestans and Solanum Tuberosum
var. Desiree + Rpi-vntl.1

Jeroen S. Stellingwerf" 2, Fiona Doohan?, Ewen Mullins!

1Teagasc Crops Research Centre, Department of Crop Science, Oak Park, Carlow, Ireland
2UCD Earth Institute and School of Biology and Environmental Science, Dublin, Ireland

The plant pathogenic oomycete Phytophthora infestans can inflict significant yield losses in potato
cultivation, with an average loss of 23% in Ireland if not managed. One component of the management
strategy to control Phytophthora infestans relies on the introduction of several effective resistance (R)
genes into commercial potato varieties. However, P. infestans has been shown to be highly adaptable to
host-resistance, developing virulence to previously introduced R genes. In effect this undermines the
effectiveness of host-resistance as a disease management strategy. Therefore understanding adaptation of
P. infestans to host-resistance is needed. As such knowledge can support the development of strategies to
maintain the effectiveness of R genes for an extended period. In this study we investigated the ability to
infect potato plants containing the Phytophthora infestans resistance (Rpi) gene Rpi-Vntl.1 for three P.
infestans isolates: virulent strain EC-1, partially virulent strain NL-11389 and avirulent strain LD151. Previous
findings suggest that virulence on plants containing Rpi-vnt1.1 is due to lack of transcription
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Dissecting the Genetic Architecture of Nonhost Resistance to Stripe Rust

Moscou MJ?, Ayliffe M?, Dawson AM?, Bettgenhaeuser J!, Gilbert B2, Gardiner M*, Hernandez-Pinzén I,
Green P!, Hubbard A3, Doonan J*

1The Sainsbury Laboratory, UK

2CSIRO Plant Industry, Australia

3National Institute of Agricultural Botany, UK
41BERS, Aberystwyth University, UK

Nonhost resistance has long been considered a source for engineering durable disease resistance. While we
have an extensive mechanistic understanding of the genes underlying host resistance, little is known about
the genes conditioning resistance in the transition from host to nonhost. Our research focuses on
understanding the genetic architecture underlying resistance to the biotrophic fungal pathogen Puccinia
striiformis f. sp. tritici (wheat stripe rust) in intermediate host and nonhost grass species. In the diploid grass
species Hordeum vulgare (barley) and Brachypodium distachyon (purple false brome) we have identified
several loci that contribute to limiting the host range of P. striiformis. Mapping of nonhost resistance in both
species has found that resistance is conditioned by a few major effect loci. In barley, resistance colocalised
with several powdery mildew loci including Mla, MIf, and mlo, suggesting that nonhost resistance is
conditioned by loci with multiple pathogen recognition specificity. In Brachypodium, resistance was found
to be associated with loci harbouring NB-LRR-type resistance genes, as well as loci not associated with NB-
LRRs. Future work will include intraspecific transfer of resistance into host species to determine
functionality, with the long-term goal of recapitulating nonhost resistance in a host species.

Molecular Cross-Talk in a Plant - Fungal Biotrophic Interaction

Armin Djamei

Austria

Plants have evolved an elaborated system to defend themselves against pathogens. Upon recognition of the
invader, local as well as systemic defense responses are induced in the plant. One key player in the
regulation of those defense responses, in particular against biotrophic pathogens, is the phytohormone
salicylic acid (SA). To successfully infect plants, biotrophic pathogens have to suppress the complex SA-
triggered defense responses. Previous studies have shown that pathogen derived effector molecules, like
the Ustilago maydis effectors Cmul and Pit2, target the SA defense signaling network. Recently we have
identified a functional salicylate hydroxylase that degrades the phytohormone SA and that is
transcriptionally upregulated during the biotrophic stages of the fungus (Rabe et al. 2013). The identification
of an SA responsive promoter enabled us to screen for the upstream signalling components which led to the
identification of Sarf1, a fungal salicylic acid receptor.
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Counting the Unseen: a Modern Approach to Determine the Concentration of Viral Particles in Dwarf
Mosaic Virus-Infected Maize Plants

Edit Ludmerszki, Nikolett Sengnirane Chounramany, Csilla Olah, llona Racz, Szabolcs Rudnoy

Hungary, 1117 Budapest Pazmany Peter setany 1/C, Eotvos Lorand University, Department of Plant Physiology and Molecular Plant
Biology

Maize dwarf mosaic virus (MDMV) is one of the most important pathogens of cultivated sweet corn
varieties. A widely applied method to detect infection is to apply ELISA technique (enzyme linked
immunosorbent assay), by which the amount of viral coat protein can be predicted from the infected
samples. However, the scale of detection is not always fine enough to accurately distinguish different
samples from each other. Real-time PCR is widely used to detect tiny changes between the expressions of
different genes, therefore our aim was to design a reliable and accurate method, by which viral
concentration can be measured from plant samples. In the present work PrimeTime probes were used,
designed for a given region of maize dwarf mosaic coat protein RNA. Approximately a 500 bp long fragment
was synthetized, which is compatible with the assigned region of the viral RNA, and this fragment was
applied for absolute quantification. According to our present knowledge, this is the first attempt to use real-
time PCR-based absolute quantification to detect dwarf mosaic virus from infected sweet corn.

Peroxisomal Protein Phosphatases: Identifications and Biotic Stress Implications

Amr Kataya, Edit Schei, and Cathrine Lillo
CORE, Stavanger University, 4036-Stavanger, Norway

Peroxisomes are eukaryotic organelles that have diverse functions such as photorespiration, B-oxidation,
peroxide detoxification, and variety of other metabolic functions. The role of peroxisomes during stress
recently was reported, as well as our identification of peroxisomal proteins that are stress annotated. It is
important to underline the regulation of peroxisomal proteins by reversible phosphorylation. So far, two
protein kinases were reported to target peroxisomes. We reported that protein phosphatase 2A
holoenzyme is imported into peroxisomes and have impact on peroxisomal B-oxidation. We screened
Arabidopsis for other phosphatases that harbor peroxisomal signals. From nine candidates, two protein
phosphatase 2C (PP2C) and MAPK phosphatase 1 found harboring a predicted signals. The latter was found
to harbor a novel peroxisomal signal, but the protein remained in cytosol. By applying biotic (flg22), or
abiotic (salt) stresses, the protein changed its targeting and partially detected in peroxisomes. The two PP2C
proteins also targeted peroxisomes. The transcripts of one of them only was detectable in Pseudomonas-
infiltrated leaves. Reverse genetics were applied for the two PP2C, and indicate a role in peroxisome
functions.
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Pathogen-Responsive MPK3/MPK6 Cascade Regulates Plant Stomatal Immunity Independently of Abscisic
Acid

Jianbin Su, Tiefeng Sun, Juan Xu, and Shuqun Zhang

College of Life Sciences, Zhejiang University, Hangzhou 310058, China; and Division of Biochemistry, University of Missouri,
Columbia, MO 65211, USA

Activation of mitogen-activated protein kinases (MAPKs) is one of the earliest responses after plant sensing
of invading pathogens. Here we show that the pathogen-responsive MPK3 and MPK6, as well as their
upstream MAPKKs, MKK4 and MKK5, are essential to Arabidopsis stomatal immunity. MPK3/MPK6
activation-induced stomatal closure is independent of ABA biosynthesis and signaling and is insensitive to
coronatine, a phytotoxin known to open plant stomata and facilitate the pathogenesis process. However,
organic acids such as malate or citrate are able to reverse the effect of MPK3/MPK6 activation. Gene
expression analysis and enzyme activity staining revealed that malate metabolism increases in guard cells
after MPK3/MPK6 activation, pathogen infection, or PAMP treatment. In addition, pathogen/PAMP-induced
malate metabolism requires functional MKK4/MKK5-MPK3/MPK6 module. Based on the fact that ABA is
also essential to plant stomatal immunity, we propose that MPK3/MPK6 cascade and ABA are two essential
and interdependent pathways that control, respectively, the organic acid metabolism and ion channels, two
mainstays of stomatal opening/closure, in plant stomatal immunity.

Hormone Defense Networking in Rice: Tales from a Different World

Monica Hofte, Lieselotte De Bruyne, Jonas Van Bockhaven, Osvaldo Felipe, David De Vleesschauwer
Lab. Phytopathology, Fac.Bioscience Engineering, Ghent University, Belgium

Contrary to the binary salicylic acid (SA) versus jasmonate (JA)-ethylene (ET) defense model for Arabidopsis,
disease resistance in rice appears to be controlled by a more complicated signaling network that does not
support a dichotomy between the effectiveness of the SA, JA, and ET pathways and the lifestyle of a given
pathogen. Rice is endowed with high basal levels of free SA that are only weakly responsive to pathogen
attack and act as a preformed antioxidant. SA and JA promote resistance against both (hemi)biotrophic and
necrotrophic pathogens, whereas ET can have either positive or negative impacts on disease resistance that
are seemingly independent of the pathogen’s parasitic habits. We will show that ET acts a virulence factor
for Cochliobolus miyabeanus , a necrotrophic pathogen causing rice brown spot. The effect of
developmental hormones is equally complex. Gibberellins (Gas) promote plant growth by inducing the
degradation of a class of nuclear proteins, called DELLAs. Contrary to Arabidopsis, rice has only one DELLA
protein, SLR1. We found that SLR1 conditions strong levels of resistance against hemibiotrophic rice
pathogens while being largely ineffective against necrotrophs . Moreover, our results support a scenario
whereby SLR1 integrates and amplifies both SA and JA defense signaling pathways, further highlighting the
unique complexities associated with hormone defense networking in rice.
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Arabidopsis UGT76B1 and its Substrate Isoleucic Acid Impact on Plant Pathogen Defense

Wei Zhang, Rafat Maksym, Anton R. Schaffner
Institute of Biochemical Plant Pathology, Helmholtz Zentrum Miinchen, Ingolstadter Landstr. 1, 85764 Neuherberg, Germany

The Arabidopsis glucosyltransferase UGT76B1 was identified as a novel player impacting SA-JA crosstalk and
early senescence®*. Gene dissection showed that both the enhanced SA pathway and suppressed JA pathway
in ugt76bl are dependent on SID2 and NPR1, positive regulators of the SA pathway. However, ugt76b1 still
led to enhanced marker gene expression and resistance against Pseudomonas DC3000 in both sid2 and nprl
background indicating also SID2- and NPR1-independent regulation. Interestingly, UGT76B1 only suppresses
the MYC2-mediated branch of JA pathway, however not the ORA59-related gene expression. The early
senescence phenotype of ugt76b1l is also dependent on SID2.

Isoleucic acid (ILA) is a substrate of UGT76B1. Exogenous application of ILA as well as its related amino acid
isoleucine increased resistance to Pseudomonas syringae linking these amino acid-related metabolites and
defense. ILA inhibits root growth of Arabidopsis in a concentration-dependent manner. A collection of
10,000 homozygous T-DNA insertion lines and 200 accessions were screened for reduced ILA sensitivity to
identify genes or loci potentially involved in perceiving ILA or regulating ILA metabolism.

*von Saint Paul et al., 2011, Plant Cell 23: 4124

A CMGC-type Serine/Threonine Protein Kinase Contributes to PAMP-Triggered Immunity in Arabidopsis
Thaliana

H Stampfl, M Fritz, S Dal Santo, C Jonak
Gregor Mendel Institute, Vienna, Austria

Despite growing knowledge of how pathogen associated molecular patterns (PAMPs) trigger immune
signalling through pattern recognition receptors (PRRs), many downstream signalling components remain
elusive. Here we describe a CMGC-type protein kinase as a novel regulator of plant immune signalling in A.
thaliana. A rapid increase in kinase activity is observed upon treatment with different, unrelated PAMPs.
Genetic analysis demonstrates that kinase knockout mutants are attenuated, whereas overexpression lines
are enhanced, in PAMP triggered responses. These alterations in early defence gene expression, production
of reactive oxygen species (ROS), callose deposition, and PAMP triggered seedling growth inhibition,
ultimately modulate pathogen susceptibility. Moreover, we find that the kinase substrate glucose 6-
phosphate dehydrogenase (G6PD) contributes to this regulation by providing reducing equivalents for ROS
production. Chemical inhibition and genetic analysis demonstrate that loss of G6PD activity dampens PAMP-
triggered responses and pathogen resistance, consistent with the kinase mutant phenotype. Overall, our
results indicate a novel signalling pathway linking early PAMP perception to metabolic regulation during
disease response in A. thaliana.

22



The Fusarium Oxysporum Effector Six8 Manipulates Plant Immunity through Association with the
Transcriptional Co-Repressors TPL and TPR1

FKK Gawehns, M de Sain, H Richter, PM Houterman, G van den Ackervecken, M Rep, HA van den Burg and
FLW Takken

UVA, MPP, Amsterdam, NL

Fusarium oxysporum f sp lycopersici (Fol) causes tomato wilt disease. During infection the fungus secretes
many small proteins in the xylem sap. Pull-down assays identified a member of the TOPLESS (TPL) family as
an interactor of Six8. The SIX-TPL interaction was confirmed in Y2H and BifC experiments. TPLs are co-
repressors interacting with transcription factors that are involved in development, hormone signalling, and
in “SNC1-mediated” defence mechanismsl. SNC1 is a NB-LRR resistance protein, providing a direct link
between Six8 and host defence signalling. Transgenic Arabidopsis plants expressing SIX8 exhibit a
temperature-dependent dwarf phenotype and show constitutive defence gene (PR1 and PR2) expression,
suggesting a direct link to SNC1-mediated defences.

Arabidopsis T-DNA insertion lines lacking SNC1 or components of the SNC1- defence pathway (i.e. tpl, tprl,
tpr3, edsl, pad4, and NahG) have been transformed with SIX8 to identify the pathways affected by Six8.
Bioassays on SIX8-containing Arabidopsis plants using P. syringae and H. parasitica revealed that NB-LRR
resistance proteins other than SNC1 are unaffected. This study identifies TPL as a genuine Six8 effector
target. A possible mechanism of how Six8 triggers SNC1-mediated immune signalling will be presented,
providing new leads for using effector-targets in disease resistance.

Integrated Responses of Mycorrhizas to Nutritional and Biotic Stresses: New Challenges in Metabolic and
Molecular Studies

Victor Flors
Spain

Mycorrhizal plants are extremely sensitive to environmental challenges. In fact, the plant-fungal symbionts
—arbuscular mycorrhizas (AM)- react faster against stress and are more tolerant to drought or salinity.
Recently, we showed that arbuscular mycorrhizal fungi (AMF) can also confer resistance against the
necrotrophic fungus Botrytis cinerea, so called mycorrhiza-induced resistance (MIR), although the molecular
mechanisms underlaying MIR are poorly understood. Tomato plants colonized with the AMF Rhizophagus
irregularis display enhanced resistance by accumulating callose in the penetration points. AM leaves
develop smaller necrotic lesions holding reduced fungal biomass in the leaves. In addition to callose, a
plethora of metabolic changes take place in AMF colonized plants. Some specific changes are located in the
oxylipin pathway that shows several intermediaries over-accumulated in the AM upon infection. AMs react
by accumulating higher levels of zeatin and some phenolics such as ferulic acid and chlorogenic acid.
Transcription analysis supported a key role of the LOX pathway in the shoot suggesting that R. irregularis
stimulates mobile signals in the root upon B. cinerea infection.

Interestingly, plants that have suffered a short period of nitrogen starvation seem to react reprogramming
its metabolic and genetic responses by prioritizing abiotic stress tolerance. In consequence, plants subjected
to nitrogen starvation become more susceptible to B. cinerea. In this ex
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RNAI Strategy is an Effective and Stable Method for Development of Virus-Free Plum

T.N. Sidorova®?, T.l. Vagapova® and S.V. Dolgov® 2

1Branch of M.M. Shemyakin and Yu.A. Ovchinnikov Institute of Bioorganic Chemistry, Pushchino, Russia
2Njkita Botanical Gardens, Crimea, Russia

Plum Pox Virus is the most devastating disease of stone fruits such as plum, apricot, cherry, peach and its
occurrence worldwide has serious agronomic, economic and political consequences. Most cultivated Prunus
species are highly susceptible to Sharka infection and conventional breeding has not produced highly
resistant commercially acceptable cultivars. Last decades it was shown that RNA interference (RNAI) is an
effective disease-control strategy.

Five independent transgenic plants of Prunus domestica L. “Startovaja” transformed by a “hairpin” RNA
structure were produced. Transgenic trees were inoculated by grafting with PPV-M strain. Most of infected
buds formed branches which were constant source of PPV. Transgenic plants were analyzed through five
dormancy cycles. PPV infection was evaluated by symptom expression as well as RT-PCR, DAS-ELISA,
Western blot, ImmunoStrip tests.

These results confirmed the efficiency of the RNAI strategy for protection of stone fruits from virus attack.
Moreover transgenic lines RNAi-1, RNAi-2, RNAi-3, RNAi-4, RNAi-6 maintained resistance for several years
demonstrated not only efficacy but also stability of this method.
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N 1 Combining Factors of Tolerance and Resistance to Potato Virus Y in Tobacco

Anna Czubacka

Institute of Soil Science and Plant Cultivation - State Research Institute, Pulawy, Poland

Cultivation of resistant cultivars is the most effective method of plant protection against viral diseases.
Different sources of resistance are used for breeding new tobacco cultivars resistant to Potato virus Y (PVY).
For example, wild species Nicotiana africana shows complete resistance to diverse PVY isolates. Breeding
efforts aiming at transfer of this resistance to cultivated tobacco resulted in obtaining a breeding line BPA
tolerant to PVY. Other sources of resistance in tobacco, such as cultivars VAM and Wislica, are commonly
used in breeding although they do not protect against all PVY isolates. Expecting that merging the factors of
resistance and tolerance in one genome will have the combined effect on plant protection, we obtained
hybrid plants using the above-mentioned tobacco breeding lines/cultivars. F2 generation was tested for
resistance to three serologically diverse PVY isolates. Among tested plants we observed different levels of
resistance (observed symptoms were confirmed by DAS-ELISA tests). We selected most promising
genotypes for further breeding.

N 2 A Pipeline for Generating Bananas Resistant to Foc TR4

Joanna Jankowicz-Cieslak’, Bado Souleymane?!, Anne Davson?, Chih-Ping Chao?, Shih-Hung Huang?, Altus
Viljoen*, Bradley J. Till

1Plant Breeding and Genetics Laboratory, International Atomic Energy Agency, Vienna, Austria
2Du Roi Laboratory, Letsitele, South Africa

3Taiwan Banana Research Institute, Chiuju, Pingtung, Taiwan, China

4Department of Plant Pathology, Stellenbosch University, South Africa

Cavendish bananas are sterile, parthenocarpic and are an obligate vegetatively propagated crop. This makes
them particularly susceptible to diseases including Fusarium wilt caused by Fusarium oxysporum f. sp.
cubense (Foc) tropical race four (Foc TR4). Foc TR4 has been identified in nine countries and its recent
spread is threatening global banana production. TILLING experiments showed that mutations can be
induced in the banana genome at a high density and chimeric sectors rapidly dissolved. This suggests that a
mutation breeding approach is suitable to develop Foc TR4-resistant bananas. For success, a large mutant
population will be generated and efficiently screened to recover rare improved plants. Each step of the
breeding pipeline (clonal production, mutagenesis and disease screening) represents a bottleneck that is
difficult to overcome in a single laboratory. To address this we have developed a collaborative network
where each step of the pipeline is carried out by a different partner.
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N 3 N Derived Compounds Related to NH4+-Induced Resistance Against Pseudomonas Syringae

E. Fernandez-Crespo, L. Scalschi, E. Llorens, P. L. Lapeiia, B. Vicedo, Garcia-Agustin, G. Camafies
Universitat Jaume |. CAMN, Avda Sos Baynat s/n. 12071 Castellon, Spain

NH4+ is a fundamental substrate for amino acids (Aas), nucleic acids, alkaloids, and polysaccharides, as well
as for secondary metabolites such as polyamines (Pas). We demonstrated that NH4+ nutrition induces
resistance (NH4+-IR) against P. syringae (Pst) in tomato plants. To investigate the mode of action of NH4+
nutrition we analyzed N derived compounds, concretely in PAs and Aas since recent findings indicate that
these compounds are extremely important in plant immunity. We observed that N-NH4+ plants displayed a
higher basal content of ornithine and putrescine (Put). Upon infection N-NH4+ plants showed a marked
decrease in ornithine content, which was apparently transformed into Put. N-NH4+ tomato plants displayed
more susceptibility to Pst when plants were treated with DFMA and DFMO inhibitors of Put synthesis. To
confirm the effect of Put on Pst infection, control plants were treated with 0.5 uM of Put by foliar spray and
a significant Pst resistance was observed. Recently, pipecolic acid, a Lys derived, considerably increases
resistance to bacterial infection. Aas analysis revealed that NH4+ nutrition alters their balance in tomato
leaves. N-NH4+ no-inoculated plants displayed higher basal levels of Glu and GIn content and upon infection
Glu, GlIn, Tyr, Lys and His were accumulated in the N-NH4+ plants.

N 4 Priming of Oryza Sativa Induced by Methyl Jasmonate: Genetic and Epigenetic Studies
Sabatini B., Bertini L., Caruso C.
Department of Ecological and Biological Sciences, Via S. Camillo de Lellis, 01100 Viterbo, Italy Corresponding: Carla Caruso

Plants are sedentary organisms that remain in the same habitat during their life cycle, thus their survival is
dependent on rapid adaptation to environmental changes. They have developed an impressive portfolio of
stress responses based on recognition mechanisms against pathogens, their elicitors and abiotic stress-
associated molecules. Furthermore, plants can be in a physiological state called priming where their defence
responses are enhanced, providing broad-spectrum protection. Primed plants can react to later stress
stronger and faster than non-primed ones. This phenomenon is associated also to epigenetic changes,
which promote the accessibility of transcriptional machinery to chromatine.
We induced a primed state in Oryza sativa spp. Japonica using methyl jasmonate, a derivative of jasmonic
acid, a plant phytohormone, which have a pivotal role in abiotic stress pathway. We verified the presence of
priming state by qPCR analysis on control and wounded plants as well as on JA-primed plants and wounded-
primed plants. Furthermore, we analysed some epigenetic features such as DNA methylation using
Methylation Specific PCR and histone post-translational modifications using Chromatine
Immunoprecipitation.
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N 5 Soft Rot Resistance of Potato Genotypes Grown under Drought Stress Conditions: the Role of
Linolenic Acid

Christina B. Wegener, Hans-Ulrich Jiirgens, Gisela Jansen

Julius Kiihn Institute, Institute for Resistance Research and Stress Tolerance, D-18190 Sanitz, Germany

Potatoes are susceptible to drought which not only reduces yield, but may also influence the resistance of
tubers to pathogens such as Pectobacterium carotovorum (Pc) causing soft rot (SR) diseases. Hence, the
effect of drought stress on SR resistance and its determinants like phenols, proteins, free amino acids and
fatty acids was investigated. Studies were carried out on three genotypes varying in their resistance to Pc.
The plants were grown in the glasshouse under control (sufficient water supply) and drought stress
conditions. For the assay of SR resistance, the tubers were incubated with Pc for 24 h and 48 h at 20 degrees
before the extent of rot was measured. The results revealed genotypic differences and that the extent of rot
was less on the drought-stressed tubers than on control tubers. The differences between the two variants
were significant when all genotypes were regarded (P

N 6 Microscopic and Molecular Analysis of Infection Sites in a Compatible Phaseolus Vulgaris X
Colletotrichum Lindemuthianum Pathosystem

Danielle G G Caldas and Siu M Tsai

Center of Nuclear Energy for Agriculture, University of Sdo Paulo. Av Centendrio 303. Sdo Dimas. CEP 13400-970. Piracicaba, SP,
Brazil

The P. vulgaris x C. lindemuthianum pathosystem is one of the most studied in plant pathogen interaction. A
severe infection can lead to yield losses of 100%. Our studies take advantage on the modern technology of
laser microdissection to analyze gene expression during an infection event, specifically in the cells of
infection sites. Microscopy and qRT-PCR analyses were carried out in leaves of susceptible bean (Magic
Black) inoculated with the race 73 of C. lindemuthianum, in function of hours after inoculation (hai). Hyphae
growth was observed during the biotrophic phase of the fungus, as well as granulations inside the plant
cells. rRNA 18S and endopolygalacturonase gene expression showed peacks at 48 hai. Five PRs, two PGls
and five other genes were down-regulated during the first 99 hai, raising their expression only after 123 hai.
Compared to the incompatible interaction, yet studied, this model shows a late molecular answer, what
may be crucial for the fungal establishment. Later periods of infection will be assessed and presented in the
conference.
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N 7 Viral and Plant Host Proteins Involvement in Prune Dwarf Virus Transport and Replication

Edmund Koziet, Katarzyna Otulak, Grazyna Garbaczewska
Department of Botany, Faculty of Agriculture and Biology, Warsaw University of Life Sciences - WULS SGGW, Warsaw, Poland

Prune dwarf virus (PDV) is one of the economically most important member of the family Bromoviridae and
genus llarvirus. PDV genome consist of tree (+)ssRNA particles: RNA1, RNA2 and RNA3. Single stranded
RNAs encodes several proteins involved in: viral replication (P1-protein with helicase and transferase
domains and P2- RNA dependent polymerase) and local/systemic transport of virions (movement protein-
MP and coat protein-CP). However exact transport mechanism of viral particles and virus- host plants
interaction are still unknown. RNA dependent polymerase (RdRp) and CP are equally acquired for PDV
infection development. The calreticulin (CRT), a plant calcium binding protein, which was retained in
endoplasmic reticulum, interacts usually with filamentous virus particles, especially with its movement
protein and was suggested it’s regulatory role in promoting intercellular transport of other viruses. The aim
of our ultrastructural study was to examine the relationship between viral RdRp and CP - PDV with CRT in
plant leaf tissues infected by PDV. To consider the participation of viral and host proteins in PDV replication
and transport, the immunolocalisation of plant CRT and virus proteins were investigated.

N 8 The Priming Agent Hexanoic Acid Induces Resistance Against the Melon Necrotic Spot Virus in
Cucumis Melo

Emma Fernandez-Crespo, Jose A. Navarro, Marta Serra, Ivan Finiti, Pilar Garcia-Agustin, Vicente Pallas and
Carmen Gonzalez-Bosch

Universitat Jaume |. CAMN, Avda Sos Baynat s/n. 12071 Castellon, Spain

In this work, we studied the responses of melon (Cucumis melo) plants inoculated with the Melon necrotic
spot virus (MNSV) and tested the effectivity of the priming agent Hexanoic acid (Hx) as an inducer of
resistance in this pathosystem. The infected plants showed altered metabolic profiling in the tissues
involved in the virus movement and colonization, relative to the healthy plants. Moreover, MNSV-infected
plants displayed greater H202 and callose accumulation. The obtained results provide information of the
plant responses against an economically important virus and evidence the extraordinary complexity of the
pathogenic process and the metabolic costs for the plant to defend

against viral infections.

We also showed that treatments with Hx before virus inoculation significantly decreased MNSV movement
and infection. These results demonstrate that Hx primes the resistance against a virus infection in melon
plants. This confirms that Hx is a promising broad-spectrum natural inducer of plant defences (Aranega-Bou
et al, 2014).

Aranega-Bou, P, Leyva MO, Finiti |, Garcia-Agustin, P, Gonzalez-Bosch, C. (2014) Priming by natural
compounds. Hexanoic acid as a model. Frontiers Plant Science 5 (488), 1-12.
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N 9 Root-Galling Phylloxera on Partially Resistant Grapevines Reprograms Host Metabolism to Allowing
the Compatible Interaction

A. Forneck?, M. Eitle?, S. Widhalm?, K. Schédl-Hummel?, R.Schuhmacher?, M. Griesser*

1Dep. of Crop Sciences, University of Natural Resources and Life Sciences, Vienna (BOKU), Konrad Lorenz Str. 24, A-3430 Tulln
2Center for Analytical Chemistry, IFA -Tulln, Konrad Lorenz Str. 20, A- 3430 Tulln

Insect induced root galls provide nutrition for the gall-forming insects and suppress plant defence
mechanisms of the host plant.

Here we report the gall-forming phylloxerid, Daktulosphaira vitifoliae, feeding on root galls of a partially
resistant rootstock (T5C). We characterized their function by studying the sink activity and primary
metabolism of the galls, as feeding sites, providing a starch storage system that may be genetically steered
towards accumulation as well as depletion of the starch pool for both parasite and host.
We further studied the gall transcriptome to infer the level of reconfiguration of the secondary metabolism
and found mainly defence related flavonoid and phenolic pathways were affected in the tested Vitis spp. A
metabolic shift was observed concurrently with decreased expression of genes involved in the
phenylpropanpoid and phenolic pathways while increased expression was found for genes involved in
flavonoid biosynthesis along with root gall development. Wet bench analysis confirmed our findings of gene
chip and qPCR-analysis.

N 10 Selection of Defense-Related Genes in the Pathosystem Potato / Rhizoctonia Solani

Franziska Genzel®, Philipp Franken?, Rita Grosch'

1Leibniz Institute of Vegetable and Ornamental Crops GroRbeeren/Erfurt e.V., Department Plant Health, Theodor-Echtermeyer-Weg
1, 14979 GroRbeeren, Germany

2L eibniz Institute of Vegetable and Ornamental Crops GroRbeeren/Erfurt e.V., Department Plant Propagation, Kiihnh&duser StraRe
101, 99090 Erfurt, Germany

Rhizoctonia solani Kiihn is a world-wide occurring soil-borne fungal pathogen which infects a broad range of
plants, including potato (Solanum tuberosum L.). Various types of damage on infected underground potato
organs lead to economically relevant yield losses. Increasing occurrence of this disease and lack of efficient
control strategies strengthen the necessity of new control mechanisms, e.g. the use of resistant cultivars.
Presumably, potato cultivars differ quantitatively in their susceptibility to R. solani. Since little is known
about the molecular background of these susceptibility differences, we study the plants’ response to an
infection with R. solani. We carried out targeted gene expression analyses to get a first impression of
processes after an inoculation. Therefore, selected defense-related genes were analyzed via RT-qPCR in
sprouts and roots of R. solani-inoculated and non-inoculated potatoes at different time points after
inoculation. Thus, we could detect an up-regulation of several defense-related genes in inoculated plants.
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N 11 Transcriptome Reprogramming of Peach during Xanthomonas Arboricola Early Interaction

Gervasi F}, Ferrante P!, Dettori MT?, Scortichini M'?, Verde I.!

1Council for Agricultural Research and Economics (CRA): 1Fruit Tree Research Centre, Rome, Italy
2Research Unit for Fruit Trees, Caserta, Italy

In order to elucidate the resistance and the susceptibility mechanisms exploited by Prunus persica in
response to Xanthomonas arboricola pv. pruni (Xap), an artificial inoculation and time-course experiment
was carried out at 30 min, 1h, 3h post-infection (hpi) in both a resistant (Redikist) and a susceptible (JH
Hale) cultivar. A total of 550 million lllumina reads yielded a wide view on responses of both cultivars.
Despite the very-early time points, key differences between the two Redkist and JH Hale were observed.
Differential expression analysis detected during the time-course a total of 803 responsive genes in Redkist
and 838 in JH Hale, respectively; 88.9% of which were regulated at 3 hpi for the resistant and 53.4% for the
susceptible genotype. At 30 minutes, both cultivars reacted to the pathogen acting a transcriptional
reprogramming which was paradoxically wider for the susceptible (290 vs. 71). On the contrary, at 3 hpi
Redkist regulated the expression of 714 vs. 448 genes. Furthermore, the resistant reacted modulating a
greater number of highly up-regulated genes (FC>100) 31 vs. 6, respectively. Finally, also the analysis of
Differential Exon Usage detected an extensive activity of transcriptome remodeling during all the time
points in both cultivars.

N 12 Potato Virus Y Tolerance in a Tobacco Breeding Line BPA

Grazyna Korbecka

Institute of Soil Science and Plant Cultivation - State Research Institute, Pulawy, Poland

Potato virus Y (PVY) is important pathogen of crops from Solanaceae family. In tobacco, necrotic strains of
PVY cause leaf vein necrosis, which leads to significant losses of the crop. Growing resistant cultivars is the
best way of preventing a spread of the disease. One of the best sources of PVY resistance is a wild species
Nicotiana africana which is completely immune to this virus. Resistance of this species was introgressed into
cultivated tobacco in a breeding program initiated by interspecific cross between N. africana and susceptible
cultivar BP-210 (Doroszewska 2010 Plant Breeding 129: 76-81). A breeding line BPA acquired in this program
has the same number of the chromosomes as cultivated tobacco and shows tolerance to PVY. We tested
inheritance of the PVY tolerance in two populations of plants (BPA x BP-210)F2 and (BP-210 x BPA)F2
inoculated with the necrotic strain of the virus. The number of tolerant plants did not deviate significantly
from 25% in both populations. Therefore, we can conclude that PVY tolerance of BPA line is determined by a
single, recessive and nuclear gene. Currently, we use microsatellite and RAPD-derived markers to localize
this trait on a genetic map of tobacco.
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N 13 HSC70 and elF4E as a Vital Contributors in Potato Virus Y- Host Plants Interactions

Katarzyna Otulak, Edmund Koziet, Grazyna Garbaczewska

Department of Botany, Faculty of Agriculture and Biology, Warsaw University of Life Sciences - WULS SGGW, Warsaw, Poland

The HSC70 chaperones are factors in the quality control of cellular proteins complexes contributing to a
wide range of cellular processes. Cytosolic Hsp70s could play a crucial role in the replication cycle and
virions assembly of many (+)ssRNA viruses. It was suggested that HSC mediates in recruiting essential host
factors such as initiation translation factor elF4e into the replication complex. They may also provide
stability to the membrane anchor and between viral proteins for the replication complex. The aim of the
study was to determine of HSC70 and elF4E location in plants at different resistance level to PVYNTN,
therefore detection of these proteins in hosts tissues in potyvirus infection was performed by using IF
analysis and IGL labelling. The HSC70 was strong deposited in protoplasts of parenchyma and phloem, but a
scatter detection in epidermis of tobacco leaf sections. The signal 15 days after PVY infection was stronger
in mesophyll cell than in phloem, but 30 days after infection the HSC70 epitope dominated in phloem cells.
The IGL considered fluorescence signals, thus cell walls decorations in plasmodesmata regions. General
strongly labeled was plant cell wall apoplast and vesicular structures. In areas where PVY particles and
cytoplasmic inclusion were present the HSC70 deposition was observed. Gold particles decorated such plant
organelles like: cell nucleus, chloroplast and ER mainly connected with virus inclusions.

N 14 Contribution of CDPKs and ROS in Response of Solanum Species to Elicitor from Phytophthora
Infestans

Krzysztof Olszak, Jarostaw Ciesla, Robert Gromadka, Jadwiga Szczegielniak, Grazyna Muszyniska and Lidia
Polkowska-Kowalczyk

Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Pawirnskiego 5a str, 02-106 Warsaw, Poland

The purpose of our study was to widen the knowledge about defence mechanisms occurring in potato
(Solanum tuberosum) in response to Phytophthora infestans that causes late blight, the most destructive
potato disease. For this reason, components of plant signal transduction pathways were examined. The
calcium-dependent protein kinases (CDPKs) activities and their expression profiles, and reactive oxygen
species (ROS) production were determined in Solanum species exhibiting different level

of resistance in response to P. infestans.

CDPKs activities increased after elicitor treatment, were positively correlated with plant resistance, however
varied with respect to intensity and timing. The expression of CDPKs were differentiated, dependent upon
the level of resistance. After elicitor treatment, susceptible genotype showed the highest increase in ROS
production in comparison with resistant ones.

The obtained results indicate involvement of CDPKs and ROS in defence strategy of Solanum species in
response to P. infestans.

This work was partially supported by the National Science Centre, Poland, Project 2012/05/B/NZ3/00911
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N 15 Medicago truncatula 61-Pyrroline-5-Carboxylate Reductase (MtP5CR): Structural Insights into Proline
Biosynthesis in Plants

Milosz Ruszkowski', Zbigniew Dauter?, Giuseppe Forlani?, Boguslaw Nocek?

INational Cancer Institute, USA
2University of Ferrara, Italy
3Midwest Center for Structural Genomics, USA

Proline is an extraordinary amino acid. Aside from a unique role in protein folding, proline takes part in
numerous signaling pathways. The role of proline-driven regulation is especially important in plants, as
proline accumulates during abiotic and biotic stress. There are two pathways of proline biosynthesis, one
initiates from glutamate and the other one from arginine. The two pathways share the last step, namely
conversion of 81-pyrroline-5-carboxylate (P5C) to L-proline by 81-pyrroline-5-carboxylate reductase (P5CR)
with the use of NAD(P)H. Here we report crystal structures of the PSCR enzyme from the model legume
plant, Medicago truncatula (Mt) in an unliganded form as well as complexed with NAD+, NADP+ and L-
proline. MtP5CR is a decamer that can be further divided into five tight dimers. Based on the structural data,
the coenzyme preference, NADPH over NADH is explained and confirmed in enzymatic assays. We suggest,
that in vivo NADPH may actually be the only coenzyme used by MtP5CR. Additionally, we analyze the
inhibition of P5CR by various small molecules.

N 16 Functional Analysis of Several OsNAC Transcription Factors Related to Bacterial Leaf Blight
Resistance

Eunji Chae, Youngmi Hwang, Duk-Ju Hwang, lI-Pyung Ahn, Shin-Chul Bae, and Sangryeol Park
Molecular Breeding Div., National Academy of Agricultural Science, Rural Development Administration, Jeonju, 565-500, Korea.

NAC (NAM, ATAF, and CUC) transcription factors are plant specific gene family and they have been
characterized for their roles in plant growth, development, and stress tolerance. In this study, we isolated
some OsNAC genes and analysed expression level by inoculation of bacterial leaf blight pathogen,
Xanthomonas oryzae pv. oryzae (Xoo). NAC transcription factor family can be divided into five groups (I-V).
NAC transcription factor family can be divided into five groups (I-V). On the basis of phylogenetic analysis,
our OsNAC genes fell into group I-4, 11, lll and IV, respectively. We selected some NAC transcription factors
OsRXI58, OsRX169, OsRXI85 and OsRXI96. To investigate their biological function in the rice, we constructed
vector for overexpression in rice, and then generated transgenic rice, respectively. Gene expression of
OsNAC genes overexpressed transgenic rice lines were analyzed by northern blot or RT-PCR, respectively.
Analysis of disease resistance to bacterial blight pathogen Xoo, several OsNAC-overexpressed transgenic rice
lines showing high expression level of specific OsNAC gene were shown more resistant than wild type.
Among them OsRXI69-overexpressed lines also were shown more tolerant to ABA. These results suggest
that OsNAC genes may play regulatory role during Xoo infection or ABA signaling.
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N 17 Molecular Detection of Puccinia Horiana in Chrysanthemums through Real-Time PCR

Pureum Jeon, Sang-Ryeol Park, Jung-Gu Kim,ll-Pyung Ahn, Duk-Ju Hwang and Shin-Chul Bae

Department of Molecular Breeding, National Academy of Agricultural Science, Rural Development Administration, Jeonju, 565-851,
Korea

Abstract Chrysanthemum white rust is the most serious diseases of cut flower chrysanthemum. The best
option to minimize damage caused by white rust is to develop cultivars resistant to chrysanthemum white
rust, but it will take so long time to develop a resistant cultivar. Therefore, an alternative way can be
development of technique for early detection of infection by chrysanthemum white rust. We preferentially
established the system for production of white rust susceptible chrysanthemum plants to develop the
detection technique for white rust. Pathogens sampled from susceptible plants were identified as
chrysanthemum white rust through investigation of shape and size of basidiospore using microscope. In
addition, Six pg of its genomic DNA could be also amplified by Real-time PCR. We will confirm if
chrysanthemum white rust can be detected through the PCR method mentioned above before symptom
caused by infection of white rust is become visible.

N 18 Fusarium graminearum (Fg) is Able to Synthesize Auxin And To Inactivate The Ethylene Precursor 1
Aminocyclopropane-1-Carboxylic Acid (ACC)

P. Sporhase?, A. Bartholomius?, T. Svoboda?, G. Wiesenberger?, U. Gilldener?, C. Schmeitzl®, H.
Michlmayr?, P. Fruhmann®?, A. Parich?, B. Kluger?®, H. Mewes?, R. Krska® R. Schuhmacher?, E. Beltran
Iturat?, F. Berthiller* and G. Adam?

1Dept. of Applied Genetics and Cell Biology, BOKU, Tulln, Austria

2Dept. of Genome oriented Bioinformatics, TU Munich, Freising, Germany
3Institute of Applied Synthetic Chemistry, TU Vienna, Vienna, Austria
“Dept. of Agrobiotechnology, BOKU, Tulln, Austria

In response to Fg infection the biosynthesis of tryptophan is upregulated in various plant hosts, presumably
for production of tryptamine (TAM) derived defense compounds. We found that Fg can intercept this
process by efficiently converting TAM into the plant hormone auxin, a negative regulator of plant defense.
We expressed candidate Cu-amine oxidases from Fg in yeast and several gene products showed activity with
TAM. The production of knockout-mutants is in progress. High IAA levels normally trigger ethylene
production in plants via the ACC pathway. We also identified an active ACC deaminase, an enzyme typically
used to downregulate ethylene-mediated defense responses. Highly elevated levels of IAA and IAA
conjugates were found in Fg infected wheat ears. We conclude that Fg has the potential to manipulate plant
hormone levels relevant for plant defense.
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N 19 Cytoskeleton Marker Lines of Grapevine as Tools to Follow Early Biotic Stress Responses
Xin Guan®?3, Guenther Buchholz?, Peter Nick*

1Botanical Institute, Karlsruhe Institute of Technology, Karlsruhe, Germany
2RLP AgroScience/AlPlanta, Neustadt an der Weinstrasse, Germany
3College of Horticulture and Landscape Architecture, Southwest University, Chongging, China

Plant innate immunity is composed of two layers. Basal immunity is triggered by pathogen-associated
molecular patterns (PAMPs) such as the flagellin-peptide flg22 and is termed PAMP-triggered immunity
(PTI). In addition, effector-triggered immunity (ETI) linked with programmed cell death and cytoskeletal
reorganization can be induced by pathogen-derived factors, such as the Harpin proteins originating from
phytopathogenic bacteria. To get insight into the link between cytoskeleton and PTI or ETI, this study
followed the responses of actin filaments and microtubules to bacteria, oomycete and fungi in vivo by
spinning-disc confocal microscopy in GFP-tagged marker lines of grapevine. Cytoskeletal disruption is
proposed as an early event that discriminates HrpZ-triggered ETI-like defence from flg22-triggered PTI. Our
data support the hypothesis that guard cells act as pacemakers of defense, dominating the response of the
remaining epidermal cell. The early and stimulus-specific responses of AFs and MTs are discussed with
respect to a function in processing or decoding of stress signals.

N 20 Beta-Carbonic Anhydrases (BCA1 and BCA4) Act as Negative Regulators in Plant Innate Immunity

Yeling Zhou

Netherlands

The first line of plant defense responses is triggered upon recognition of pathogen-associated molecular
patterns (PAMPs) by corresponding plant pattern recognition receptors (PRRs). Despite profound efforts in
studying PAMPs-triggered immunity (PTI), more information about downstream outputs in PTI is still
needed. Here we provide evidence that three beta-carbonic anhydrases (CA1, CA2 and CA4) are potential
negative regulators in PTIl. Expression of CA1/CA2/CA4 was suppressed by PAMPs and infection by
Pseudomonas syringae (Pst) independently of coronatine (COR) or Type-ii effectors (T3Es) production. The
ca (calca4) mutant displayed impaired but sustained stomatal responses and enhanced resistance to Pst.
Consistently, an increased and/or sustained transcriptional activation of defense-related genes was
observed in ca mutant upon treatment of both PAMPs and pathogen. The enhanced SA-associated defense
signaling in the ca mutant indicated that CAs function as negative regulators in PTI through antagonizing SA-
mediated signaling.

36



N 21 Rapid Screening Methods for Heat Stress Tolerance of Mutant Rice in the face of Climate Change

Fatma Sarsu
Plant Breeding and Genetic Section, Joint FAO/IAEA Division, Vienna International Centre, Vienna, Austria

In 2011 the IAEA launched a 5 year Coordinated Research Project (CRP) on “Climate proofing of food crops:
genetic improvement for adaptation to high temperatures in drought prone areas and beyond”. The project
mainly focused on two food crops, one of them is rice (Oryza sativa L.), a staple food for nearly half the
world's population. Rice is the only major cereal crop that is primarily consumed by humans directly as
harvested, and only wheat and corn are produced in comparable quantity. Our proposal is to improve rice
yields in harsh conditions by screening and selecting mutants for high temperature stress tolerance.
Mutation induction is a powerful tool for crop improvement. It has been applied for the past 80 years to
develop new mutant varieties in both seed and vegetatively propagated crops. In this study genetic diversity
of mutant populations and non-mutant populations was assessed in the greenhouse and in the field.
Performance was evaluated with respect to high temperature, yield and yield components. We established
screening protocols for physiological/biochemical, morphological and agronomical trait responses to high
temperature to identify valuable mutants in the greenhouse, growth chamber and under field conditions.
Mutant lines were evaluated for morphological, agronomical, and physiological and biochemical traits such
as plant height, number of productive tillers, panicle length, seed weight and plant yield, superoxide
dismutase (SOD), catalase (CAT), pollen

N 22 Reverse Genetics for Discovery of New Alleles Conferring Resistance to Rice Pathogens

Zhiwei Chen'?, Bradley J. Till2, Tao Lan?, Joanna Jankowicz-Cieslak?, Owen A. Huynh?, Souleymane Bado?,
Stephan Nielen?

1Fujian Provincial Key Laboratory of Crop Breeding by Design, Fujian Agriculture and Forestry University, 350002 Fuzhou, Fujian,
China
2Plant Breeding and Genetics Laboratory, International Atomic Energy Agency - P.O. Box 100, A-1400 Vienna, Austria

Rice is one of the most important crops in the world. Yield loss caused by diseases remains a major
constraint in rice production. Novel genetic variation created through induced mutations is an economical
and effective approach to develop new varieties with resistance to disease. Numerous genes have been
identified that are important in the control of pathogens such as rice blast fungus, and natural allelic
variation suggests that point mutations will affect the spectrum of resistance. In the study we analysed the
feasibility of discovering new resistance alleles by TILLING (Targeting Induced Local Lesions IN Genomes).
This included development of a mutant population by treatment of rice variety IR29 with EMS (ethyl
methanesulfonate), design of primers to target genes in putative disease resistance loci, identification of
nucleotide polymorphisms, and evaluation of putative induced mutations. We are further evaluating the use
of next generation sequencing in early generations to optimize mutagenesis.
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N 23 Low Molecular Peptide-Based Biomarker for Classification of Supernumerary Spikelet Wheat Species
Using Surface Enhanced Laser Desorption/lonization Ti

So-Hyun Park?, Min-ju Lee?, Jong-Yong Park? Hong-Gyu Kang?, Sung-Yung Yoo?, Cheol-Soo Park?, Chon-sik
Kang®*, Tae-Wan Kim?
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Biomarker of wheat specie was important for classification of supernumerary spikelet type wheat mutants.
We identified some peptide-based biomarkers for supernumerary spikelet wheat using SELDI-TOF, a mass
spectrometry (MS) technique. The proteomic profiling using SELDI-TOF MS techniques could be a useful and
powerful tool to discover peptide biomarker for discrimination and to assess wild species or mutants,
especially under 20 kDa. In five supernumerary spikelet wheat mutants, 106 and 84 peptides were detected
on CM10 (strong anion exchanger) and Q10 (weak cation exchanger) arrays, respectively. Twenty peptides
of CM10 and fifteen peptides of Q10 were selected as peptide bio-markers. We have also found that the
hierarchical heat map analysis from peptide based biomarkers has clearly coincided with the simple cluster
analysis from SDS-PAGE. In conclusion, it was clearly illuminated that small peptides in seeds can be used for
the selection of mutants.

N 24 Role of Stress-Related Hormones in Plant Defence During Early Infection of The Cyst Nematode
Heterodera Schachtii in Arabidopsis

Kammerhofer N*, Radakovic Z3, Regis MAJ?, Dobrev P2, Vankova R?, Grundler FMW?3, Siddique S3, Hofmann
J3, Wieczorek K*

1Division of Plant Protection, Department of Crop Sciences, University of Natural Resources and Life Sciences, Konrad Lorenz Str. 24,
3430 Tulln, Austria

2Academy of Sciences of the Czech Republic, Rozvojové 263, 165 02 Prague 6—Lysolaje, Czech Republic

3University Bonn, Karlrobert-Kreiten-Str. 13, 53115 Bonn, Germany

Heterodera schachtii, a plant-parasitic cyst nematode, invades roots causing severe crop losses. The system
H. schachtii-Arabidopsis allows to investigate plant defence, which is suppressed at later time points of
nematode infection, while during early parasitism it is induced. However, the underlying mechanisms and
the role of hormones are largely unknown. Here the role of hormone-based defence during early nematode
infection was elucidated. We analysed expression of hormone-related genes, levels of main hormones and
their effects on nematode infection. We show that ethylene is important for nematode attraction, jasmonic
acid triggers early defence against H. schachtii and salicylic acid is a negative regulator in female
development. We conclude that nematodes impose specific changes in hormone pools modulating
hormone-based defence and signal transduction in strict dependence on their parasitism stage.
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N 25 Identifying Novel Mutations in Wheat Conferring Resistance to Black Stem Rust Race Ug99

Bradley J. Till}, Mirriam G. Kinyua?, Ksenia V. Krasileva®, Sebastian Michel®, Wolfgang Schweiger?,
Hermann Buerstmayr*
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2University of Eldoret, School of Agriculture and Biotechnology, P.O. Box 1125, Eldoret, Kenya

3The Genome Analysis Centre & the Sainsbury Laboratory, Norwich, UK

4University of natural Resources and Life Sciences (BOKU), Vienna, Austria

Mutation induction is a successful method for providing genetic variation to improve disease resistance in
crops. Gamma irradiation was used to generate wheat with increased resistance to Puccinia graminis race
Ug99. Two mutant varieties were released in Kenya, and others are in the pipeline for varietal release. We
are developing strategies for rapid mapping and cloning of novel causative mutations in polyploid wheat.
This includes genotypic validation of parent and mutant materials, phenotypic validation of disease
resistance, and recovery of causative mutations through exome capture sequencing. Genotyping by
sequencing results show genetic relationships between parental material and mutant lines. Pilot exome
capture sequencing studies in diploids successfully identified genomic indels ranging between 100,000 and
700,000 base pairs. This suggests that the approach is suitable for recovering mutations in hexaploid wheat.
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N 26 Insights of transcriptome analysis into the effect of Bouganivillea spectabilis leaf extract spray to
Nicotiana benthamiana defense strategy

|. Boubourakas, Y. Yasui, S-J. Yang & M. Hososkawa
Laboratory of Vegetable and Ornamental Horticulture Graduate School of Agriculture, Kyoto University

Recently, studies on the possible anti-viral and anti-viroidal role of Bougainvillea spectabilis leaf extract
revealed its high local and also systemic effect on Nicotiana benthamiana against virus (Pepper mild mottle
mosaic virus) and viroid (Chrysanthemum stunt viroid) mechanical inoculations. The local effect attributed
mainly to the block of virus replication through the inhibition of protein synthesis on N. benthamiana
ribosome caused by the Bougainvillea Ribosome Inactivating Protein, (BRIP) which also directly affected
PMMoV and CSVd RNAs causing depurination. However, the understanding of the systemic effect had to be
clarified. For this reason, next generation sequencing technology was used to analyze the transcriptome
profile of N. benthamiana in response to spray of basal leaves. Transcriptome sequence analysis revealed
differentiation in the expression level of 78 genes. 13 genes were over expressed, while 65 were down
expressed. Among the genes whose expression was modified were recognized genes involved in plant
defense Those genes related with the expression of i) pathogenesis-related proteins of group 2 (1,3 b-glucan
endohydrolase), 5 (osmotin), 12 (defensin) and 14 (lipid transfer protein dir), ii) proteins involved in the
hypersensitivity response (vacuolar processing enzyme), iii) proteins interfering with ethylene) or abscisic
acid (signaling defense pathways.
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